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UNITED STATES, PUERTO RICO, and CANADA

G-S USA Representatives:

• R. R. Guinta Associates
14 Brinkerhoff Avenue
Teaneck, New JerseyJJ7666
Tel: 201 836-7089

• Grason-Stadler Company, Inc.
A GR Company
56 Winthrop Street
Concord, Massachusetts 01742
Tel: 617 369-3787
TWX (via GR): 710347-1051

• Monitor Instruments Inc.
Professional Village
121 South Estes Drive
P. O. Box 2267
Chapel Hill, North Carolina 27514
Tel: 919 929-4052

••V •••

Branch Offices:

Atlanta, Georgia
Dallas, Texas
(These are new facilities. Details will
be announced soon.)

Western Regional Center
Arizona, California, Colorado, Hawaii, Idaho,
Montana, Nevada, New Mexico, Oregon, Texas
(EI Paso only), Utah, Washington, Wyoming,
British Columbia
General Radio Company
17361 Armstrong Avenue
Irvine Industrial Complex
Irvine, California 92705
Tel: 714540·9830
TWX: 910 595-1762

Southern Regional Center
Alabama, Arkansas, Florida, Georgia
Louisiana, Maryland, Mississippi, North
Carolina, Oklahoma, South Carolina,
Tennessee, Texas (except EI Paso), Virginia,
West Virginia, Washington, D.C.
General Radio Company
P. O. Box 725
15 Firslfield Road
Gaithersburg, Maryland 20760
Tel: 301 948-7071

CANADA
General Radio Canada Limited
307 Evans Avenue
Toronto 530, Ontario, Canada
Tel: 416 252-3395
Telex: 02-29294

PUERTO RICO

• Techware Computing Corporation
A GR Company
International Airport
SI. Petersburg, Florida 33732
Tel: 813531-7751

Harry J. Lang & Associates
• 1406 West 47th Avenue

Anchorage, Alaska 99503
Tel: 907 279-5741

• Time/Data Corporation
A GR Company
1050 East Meadow Circle
Palo Alto, California 94303
Tel: 415 327-8322
Telex: 34-5529

Southern International Sales Company
• 555 Calle Rosales

Santurce, Puerto Rico 00909
Tel: 809 722-{)863, 722-{)039
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Eastern Regional Center
Delaware, New Jersey, New York,
Eastern Pennsylvania
General Radio Company
380 Midland Avenue
Saddle Brook, New Jersey 07662
Tel: (NJ) 201 791-8990

(NY) 212964-2722
TWX: 710 988-2205

Central Regional Center
Illinois, Indiana, Iowa, Kansas, Kentucky,
Michigan, Minnesota, Missouri, Nebraska,
North Dakota, Ohio, South Dakota, Western
Pennsylvania, Wisconsin
General Radio Company
9440 West Foster Avenue
Chicago, Illinois 60656
Tel: 312 992-{)800
TWX: 910 221-5486

Lenz Engineering Company
P. O. Box 669
122 Lake Avenue
Longwood, Florida 32750
Tel: 305831-9797
Telex: 56-4303

: Micronetic Systems, Inc.
A GR Associate
24 3rd Avenue
Burlington, Massachusetts 01803
Tel: 617 273-1450

ComputerWrap Corporation
A subsidiary of Micronelic Systems, Inc.
A GR Associate
24 3rd Avenue
Burlington, Massachusetts 01803
Tel: 617 272-5517
Telex: 94-9344

ComputerWrap Corp. USA
Representatives:

K & J Associates
P. O. Box 591
East Setauket, New York 11733
Tel: 516751-8686

• Electro Acoustic Co., Inc.
1561 Laurel Street·
San Carlos, California 94070
Tel: 415 593-6642

• Audio-Med, Inc.
16037 Valley View Avenue
Santa Fe Springs, California 90670
Tel: 213 921-1427

• Corvek Medical Equipment Co.
1005 N.W. 16th Avenue
Portland, Oregon 97209
Tel: 503 227-7559

e:..:,

•
•

MediMetrics
6500 South France Avenue
Minneapolis, Minnesota 55437
Tel: 612 920-4777

EMI Laboratories, Inc.
8560 Airport Road
St. Louis, Missouri 63134
Tel: 314 521-1043

Gordon N. Stowe & Associates
1728 Chapel Court
Northbrook, Illinois 60062
Tel: 312272-1728

Environmental Technology Corp.
3439 West Brainard at Chagrin
Suite 262
Cleveland, Ohio 44122
Tel: 216 464-3888

Boston Sales Office
(Branch of Eastern Regional Center)
Connecticut, Maine, Massachusetts, New
Hampshire, Rhode Island, Vermont
General Radio Company
Bolton, Massachusetts 01740
Tel: 617 646-{)550

General Radio Company
Main Office and Plant
300 Baker Avenue
Concord, Massachusetts 01742

Tel: 646-7409
(From Metropolitan Boston)
Tel: 617 369-8770
(From all other locations)
TWX: 710 347-1051
Cable Address: GENRADCO Concord

(Mass)
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LATIN. AMERICA

• ARGENTINA and PARAGUAY • CHILE Orbis Trading and Shipping Corp.

• Coasin S.A. • Coasin Chile Ltda. • SUbsidiary ot Pan American Trade

Virrey del Pino 4071 Maciver 22, Otic 904
Development Corp.

2 Park AvenueBuenos Aires, Argentina Casilla 14588· Coreo 21 New York, New York 10016Tel: 52·3185, 51·9363 Santiago, Chile Tel: 212 686·7960Cable: COASIN·BUENOS AIRES Tel: 39·6713 Cable: ACTIVITYTelex: 012-2284 Cable: COACHIL - SANTIAGO TWX: 710-581-6567• Coasin, Inc. • Coasin Inc.
c/o Ellis International

c/o Ellis International • Viennatone de Mexico, S.A.
305 Broadway

305 Broadway Puebla 182-201
New York, New York 10007

New York, New York 10007 Mexico 7, D.F. Mexico
Tel: 212269-0610

Tel: 212 269-0610 Tel: 5-11-42-80

• Scientins S.A.C.J.
Talcahuano 68-2° Piso • PERU
Buenos Aires, Argentina 48 COLOMBIA
Tel: 38-7072, 37-2873 • Importaciones y Representaciones• Manuel Trujillo Venegas e Hijo, Ltda.
Cable: SCIENTINS Electronicas S.A.

Carrera 20, No. 37-33 AVda. Franklin D. Roosevelt 105

" BRAZIL
Aparlado Aereo 53747 lima I, Peru
Bogota 2, D.E., Colombia Tel: 272076• Ambriex S.A. Tel: 320679,452304 Cable: IREING-liMA

Rua Ceara No. 104, 2° e 3° ands. Cable: TRUVEHIJO BOGOTA
ZC-29
Rio de Janeiro, GB, Brazil • fa URUGUAY
Tel: 264-7406 ECUADOR • Coasin Uruguay S.A.
Cable: RAIOCARDIO Rio de Janeiro • Suministros Tecnicos Ltda. Cerrito 617-4 ° Piso• Ambriex S.A. Rumichaca 825 - 827 Montevideo, Uruguay
Rua Tupi No. 535 P. O. Box 259-4492 Tel: 97978
01233 Sao Paulo, S.P., Brazil Guayaquil, Ecuador Cable: COAUR-MONTEVIDEO
Tel: 52-7806,51-0912 Tel: 30 24 84, 30 1419 •Cable: RAIOCARDIO SAOPAULO Cable: SUMITEC-GUAYAQUIL Coasin Inc.

• Ambriex S.A.
c/o Ellis International

Rua Cel. Vicente, 421-1° and. - s. 101 • 305 Broadway

Porto Alegre-Rio Grande do Sui, Brazil
MEXICO New York, New York 10007

Tel: 4-7696,4-7411 • Tecnicos Argostal S.A. Tel: 212269-0610

Cable: PORTOCARDIO Avda. Jalisco 180

• Ambriex S.A.
Apdo. Postal M-2511 *I VENEZUELA

Rua Contria, 578 - apto. 6
Mexico 18, D.F. Mexico • Coasin C.A.
Tel: 5-15-85-80

Belo Horizonte - Est. Minas Gerais, Brazil
Telex: 017-74208 Av. Libertador entre Avs. Las Palmas y

Tel: 35-4500 Las Acacias

• Ellis International • Tecnicos Argostal S.A. Edit. La linea - Piso 12 - Otic. 123A

305 Broadway Avda. Universidad 3335 Norte. Apartado 50939

New York, New York 10007 Monterrey, Nuevo Leon Sabana Grande NO.1

Tel: 212 269-0610 Tel: 43-70-85 Caracas 105, Venezuela
Telex: 038-865 Tel: 72 96 37, 72 86 62

4D CARIBBEAN ISLANDS • Tecnicos Argostal S.A. Cable: INSTRUVEN-CARACAS

• The West Indies Sales Company N.V. Calz. JJ. Gonzalez • Coasin Inc.
606 Calle Aboy Gallo 383 c/o Ellis International
San Juan, Puerto Rico 00907 Guadalajara, Jalisco 305 Broadway
Tel: 809722-0863 Tel: 17-26-46, 17-78-12 New York, New York 10007
Telex: 365-384 Telex: 068-710 Tel: 212 269-0610

• General Radio • General Radio France • Grason-Stadler • Techware Computing

• Time/Data • Micronetic Systems ComputerWrap Corporation
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ASIA and PACIFIC

• AUSTRALIA
•• Warburton Franki (Adelaide) Pty. Limited

• 322 Grange Road
Kidman Park, South Australia 5025
(Post Box 683F, G.P.O. Adelaide 5001)
Tel: 56.7333 .
Cable: ZELEMITE-ADELAIDE
Telex: Warfran AA82579

•• Warburton Franki (Brisbane) PlY. Limited
• 13 Chester Street, Fortitude Valley

P. O. Box 345
Queensland 4006, Australia
Tel: 51.5121
Cable: FRIGDEL-BRISBANE

•• Warburton Franki Industries (Melbourne)

• Pty. Limited
220 Park Street
P. O. Box 35
South Melbourne, Victoria 3205 Australia
Tel: 69.0151
Cable: IGNITION-MELBOURNE
Telex: Warfran AA31370

•• Warburton Franki Industries (Perth)

• Pty. Limited
41 Great Eastern Highway
Rivervale, Western Australia 6103

•• Warburton Franki Industries (Sydney)

• PlY. Limited
199 Parramatta Road
P. O. Box 394
Auburn, N.S.w. 2144 Australia
Tel: 29.1111
Cable: BOOSTER-SYDNEY
Telex: Warfran AA22265

• HONG KONG and MACAU

•• Gilman & Co. Ltd.

• Alexandra House,8th Floor
Des Voeux Road, Central
P. O. Box 56
Hong Kong, B.C.C.
Tel: H-227011
Cable: GILMAN-HONGKONG
Telex: HX 3358

fa INDIA

•• Hinditron Services Pvt. Ltd.

•• 69/ A Nepean Sea Road• Bombay 6, India
Tel: 365344
Cable: TEKHIND
Telex: 01-11-2594

• JAPAN
For GR Systems:

• Tokyo Electron Laboratories Inc.
Meiho Building
1-21 Nishi-Shinjuku
Tokyo 160, Japan
Tel: 03-343-4411
Cable: LABTEL
Telex: 232-2240
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• Tokyo Electron Laboratories Inc.
Umeda Taisei Building
45 Manzai-Cho, Kita-ku
Osaka 530, Japan
Tel: 06-313-4831
Cable: LABTEL
Telex: 523-6030

• Tokyo Electron Laboratories Inc.
1 Higashikata-Machi, Midori-ku
Yokohama, Kanagawa, Japan
Tel: 045-471-8321
Cable: LABTEL
Telex: 382-3018

For GR Instruments:

• Midoriya Electric Co., Ltd.
3, 2-chome, Kyobashi, Chuo-ku
Tokyo,104,Japan
Tel: 03-561-8851
Cable: MIDRIYAELC-TOKYO
Telex: MECJ24531

• Marubun Corporation
1-1, Nihombashi Odemmacho 2-chome
Chuo-ku, Tokyo, 103, Japan
Tel: (03) 662-8151
Cable: MARUBUN TOKYO
Telex: J22803

• Mitsui & Co., Ltd.
2-9 Nishi Shimbashi Itchome Minato-ku
C.P.O. Box 822
Tokyo 100-91, Japan
Tel: 505-1111
Cable: MITSUI TOKYO
Telex: TK2253

• Riko Trading Company, Ltd.
34-6 Nishi-gokencho
Shinjuku, Tokyo, Japan
Tel: 267-1211
Cable: BEST RIKO TOKYO

• KOREA
•• M-C International

• Room 516, Bando Building
180, 1-Ga, Ulchiro, Chung-ku
IPO Box 1355
Seoul, Korea
Tel: 22-4316
Cable: EMCEEKOREA SEOUL
Telex: 787 2428S

•• M-C International
• 717 Market Street

San Francisco, California 94103
Tel: (415) 397-1455
Cable: EMCEE SAN FRANCISCO
Telex: (ITI): 470130

• MALAYSIA
•• Vanguard Company

• 87, Jalan Ampang
P. O. Box No. 975
Kuala Lumpur, Malaysia
Tel: 88213
Cable: VANCO-KUALA LUMPUR

e NEW ZEALAND
•• w. & K. McLean Limited

• 103-105 Felton Mathew Avenue
P. O. Box 3097
Auckland 6, New Zealand
Tel: 587-039
Cable: KOSFY-AUCKLAND

•• W. & K. McLean Limited
• 181 Upper Willis Street

G.P.O. Box 496
Wellington I, New Zealand
Tel: 555-869
Cable: KOSFY-WELLINGTON

ED PAKISTAN
•• Pak Land Corporation

• Central Commercial Area
P.E.C.H. Society
Karachi 29, Pakistan
Tel: 472315
Cable: PAKLAN D-KARACH I

ED PHILIPPINES
•• T. J. Wolff & Company

• Rm 313, 3rd Floor Campos Rueda Bldg.
101 Tindalo Street
Makati, Rizal, Philippines
(P_ O. Box 920. Manila, Philippines)
Tel: 88-61-66, 89-96-61
Cable: WOLCO-MANILA

ED SINGAPORE
•• Vanguard Company

@ 23 Colchester Grove
Serangoon Gardens
Singapore 19, Singapore
Tel: 806 822
Cable: VANCO-SINGAPORE

• TAIWAN
•• Heighten Trading Company, Limited

• 16, Nanking East Road, Section 3
P. O. Box 1408
Taipei, Taiwan, Republic of China
Tel: 518324
Cable: HEIGHTEN-TAIPEI

" THAILAND
•• G. Simon Radio Co., Ltd.

$ 30 Patpong Avenue, Suriwong
Bangkok, Thailand
Tel: 30991-3
Cable: SIMONCO-BANGKOK



EUROPE, THE MIDDLE EAST, and AFRICA

For countries not listed, please contact:••• General Radio Company (Overseas) • FRANCE • BePex Ltd••• P. O. Box •• General Radio France 280A Dizengoff Street• CH-8034 Ziirich, Switzerland -: 27-29, Avenue Parmentier P. O. Box 6093
Tel: (01) 55 24 20

F-75 Paris 11, France Tel Aviv, Israel 63 117
Telex: 53638

Tel: (1) 3557546 Tel: 448502

Telex: 22991 Cable: BEPEXCO

• AUSTRIA 6, Rue Saint Francois d'Assise G•• Dipl.-Ing. Peter Marchetti F-69 Lyon 4, France ITALY

Sandwirtgasse 14 Tel: (78) 28 01 45 •• General Radio Italia SopoA.

A-1060 Vienna, Austria CD GERMANY
•• Via Valvassori Peroni 74/2

Tel: 222 57 82 30 1-20133 Milano, Italy

Telex: 12 799 •• General Radio GmbH Tel: (02) 293129

•• Ampfingstrasse 46 Telex: 34373

• 0-8 MUnchen 80, Germany Via Ie Pasteur 78
BELGIUM Tel: (0811) 40 1801 1-00144 Roma, Italy

•• Geveke Electronique et Automation Telex: 529917 Tel: (06) 5915520

•• Belgique SoA. Isestrasse 3 •30, Place Sainctelette 0-2 Hamburg 13, Germany LEBANON
B-1080 Brussels, Belguim Tel: (0411) 450656 •• Projects
Tel: (2) 25 16 36 Telex: 212030 P. O. Box 5281
Telex: 23028 • Deutsche Phonak-Gesellschaft Beirut, Lebanon

Sapper and Co. Tel: 241200

G DENMARK NO.7 Stuttgart - 1 I) MOZAMBIQUEWerfmershalde 15, Germany•• SEMCO A/S Tel: (0711) 437917 •• Telecommunicacoes de
P. O. Box 40
373 Park Aile G GREECE

Mozambique LOA
C.P.2512

DK-2600 Glostrup, Denmark •• Marios Dalleggio Representations Lourenco Marques, Mozambique
Tel: (1) 45 21 22
Telex: 19311

2, Alopekis Street Tel: 2 5913
Athens 139, Greece ..Tel: 710 669 NETHERLANDS

EASTERN EUROPE • George Dimopoulos Ltd• •• Geveke Electronica en Automatie n.v.

•• General Radio Company (Overseas) Aghiou Constantinou SI. 6 •• 25 Kabelweg

•• Helenastrasse 3 Athens 101, Greece P. O. Box 652

• CH-8008 ZUrich, Switzerland Tel: 523876 Amsterdam-W2, Holland

Tel: (01) 55 24 20 Cable: AKODIM-ATHENS Tel: (20) 119119

Telex: 53638 • Telex: 12219

IRAN ••• Berkeh Company
NORWAY

CD FINLAND 20 Salm Road, Roosevelt Ave. •• Gustav A. Ring A/S

•• Into O/Y Tehran, Iran S~rkedalsveien33

P. O. Box 10153 Tel: 83 1564,828294 Oslo 3, Norway

Helsinki 10, Finland • Tel: (2) 232280

Tel: 11123
ISRAEL Telex: 18 718

Telex: 121836 •• Eastronics Ltd. • PORTUGAL•• P. O. Box 39300

• Horapparat Centralen AB 11, Rosanes Street •• Casa Serras
Mikaelsgatan 1 Tel-Baruch, Tel-Aviv, Israel E. Dias Serras LOA.
00100 Helsinki 10, Finland Tel: 440466 Rua Augusta 228
Tel: 661 766 Cable: EASTRONIX Lisboa-2, Portugal
Cable: HEARINGAID Telex: 33638 Tel: 320133

• General Radio • General Radio France • Grason-Stadler • Techware Computing

• Time/Data • Micronetic Systems ComputerWrap Corporation
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EUROPE, THE MIDDLE EAST, and AFRICA (Cont'd)

G REP. DEMOCRATIQUE DU CONGO
.,

SPAIN ED SWITZERLAND
•• Desco, S.P.C.R.L. •• Hispano Electronica S.A. •• Seyffer & Co. AG

B.P. 8396 Cte. Zorita 8 Badenerstrasse 265
Kinshasa, Democratic Republic of the Madrid 20, Spain CH-8040 Zurich, Switzerland

Congo Tel: 2331601 Tel: (01) 3954 11
Tel: 24379 Telex: 22404 Telex: 52540

• Instituto Auditivo Espanol

e SOUTH AFRICA
Via Layetana, 98 G TURKEYBarcelona 10, Spain

•• Associated Electronics (Ply) Ltd Tel: 222 44 80; 232 33 30 •• Ni.ikleer Elektronik Limited Sirketi
P. O. Box 31094

6'
Fevzi Gakmak Sok. 33/3

Braamfontein SWEDEN Ankara - Yenisehir, Turkey
Johannesburg, Republic of South Africa

•• Firma Johan Lagercrantz KB
Tel: 18 72 70/71

Tel: 724 5396
Box 3014

Telex: 43-8432SA
S-17103 Solna 3, Sweden
Tel: (8) 830790 ED UNITED KINGDOM
Telex: 10363 •• General Radio Company (U.K.) Ltd.• Hearing and Acoustic Instruments

•• Bourne End(Ply) Limited • C-A Tegner AB
• Buckinghamshire SL8 5AT, EnglandPostbus 28975 Majorsgatan 17

Sandringham Stockholm 5, Sweden Tel: Bourne End 22567

Johannesburg, Republic of South Africa Tel: 624000 (67 8085) Telex: 84321

Tel: 45-8190 Cable: CATEGNER-STOCKHOLM

• General Radio • General Radio France • Grason-Stadler • Techware Computing

• Time/Data • Micronetic Systems ComputerWrap Corporation



Sales and Service

The sales! service facilities identified on the preced
ing pages have been geographically located so as to
shorten as much as possible the communication link
between GR and its customers. You, the customer,
need only to contact the facility nearest you, as indi
cated by the color-coded dots, for prompt sales and
service assistance. Each facility, whether GR owned and
operated or that of a carefully selected representative,
is staffed by sales and service personnel who have re
ceived thorough factory training on the products de
scribed in this catalog.

Warranty
Each product manufactured by General Radio and its

associated companies, described in this catalog, is war
ranted against defects in material and workmanship.
The following excerpt, from a typical product warranty,
is intended to illustrate the basic provisions of our prod
uct warranty policy:

"... [this product], properly used, will perform
in full aecordance with applicable specifications.
If, within a period of ten years after original ship
ment, it is found, after examination by us or our
authorized representative, not to meet this stand
ard, it will be repaired or, at our option, replaced
as follows:
• No charge for parts, labor or transportation dur

ing the first three months after original ship
ment;

• No charge for parts or labor during the fourth
through the twelfth month after original ship
ment for a product returned to a GR service
facility; .

• No charge for parts during the second year after
original shipment for a product returned to a
GR service facility;

GENERAL RADIO 1973 CATALOG

• During the third through the tenth year after
original shipment, and as long thereafter as
parts are available, we will maintain our repair
capability and it will be available at our then pre
vailing schedule of charges for a product re
turned to a GR service facility."

The complete warranty applying to each product ap
pears in the instruction manual provided with the
product.

Service Policy
Your local GR office or representative will assist you

in all matters relating to product maintenance, such as
calibration, repair, replacement parts and service con
tracts. Field servicing of GR system products can be
accomplished by any of the following methods:

• By GR on a contract specifying a fixed price
per period or per call,

• By GR on a per call basis with no contract, or
• By the customer, after service training by GR.

Products that have been repaired at a GR service fa-
cility, with a charge for both parts and labor, are war
ranted to perform in full accordance with the specifica
tions in effect at the time of original shipment. If, within
a period of six months after such repair, it is found and
verified by us that the product fails to meet this stand
ard, it will be repaired or, at our option, replaced with
no charge for parts or labor, provided the product is
returned to a GR service facility.

Any GR product returned for credit will be subject to
a restocking charge. If more than six months have
elapsed since original shipment, it will not be accepted
for credit. Authorization must be obtained from your
local GR office or representative before a product is
returned for credit.

17



Ordering Information

j
1
\

r

I

Applies only to General Radio Company and Grason-Stadler products.

Conditions of Sale

USA and Canada
Terms are net 30 days if credit has been arranged;

otherwise, unless payment is received before shipment,
shipment will be made COD.

Determination of prices, terms and conditions of sale
and final acceptance of orders are made only at the
manufacturer's headquarters; at General Radio Canada
Limited, Toronto, Canada; or at any of the European
subsidiaries of the General Radio Company.

I

j
f
I

100

20%10% 13% 17%

10-19 20-49 50-991-9

ListDiscount

Nonstandard Systems
Systems that require hardware and/ or software other

than that described in the catalog are subject to quota
tion. Please make reference to the quotation when plac
ing your order for the applicable system.

Quantity Discount
The following quantity dis,counts apply for identical

units and packages purchased on a single order, nor
mally for single shipment to one destination. All items
are subject to these discounts.

Outside USA and Canada
Terms of payment for orders placed on General Radio

representatives and on General Radio European sub
sidiaries are those that are mutually agreed upon. If
there is no representative in your area, the terms for
orders placed directly on General Radio Company" or
on General Radio Company (Overseas) are full payment
in advance of shipment or an irrevocable letter of credit,
unless other terms have been previously arranged.

Special Features
Special features and modifications not listed in the

specifications (such as extra calibrations or software)
are available at extra cost. Please include in your order
information regarding any nonstandard features desired.

. Quantity

Where to Order

The procedures, terms, and conditions outlined on
these pages are those of the General Radio Company.
Generally, they also apply to the subsidiary and asso
ciate companies of General Radio and, where practical,
exceptions are noted herein. However, all exceptions
are not covered and we advise that you contact your
nearest sales office to verify specific terms and condi
tions.

Standard Catalog Terms
Always order by catalog number (if included), type

number, and complete description. Some ac-operated
instruments are supplied wired for operation from 115
volt power, unless otherwise specified, although most
instruments come equipped with a 115-V/ 230-V slide
switch that permits selectable power operation. Most
instruments can also be supplied for operation from
other common voltages and frequencies as indicated in
the specifications under Power. Be sure to specify op
erating voltage and frequency if other than nominal 115·
volts, 60 Hz.

For example:
Catalog No. 1900-9801, Type 1900-A Wave Ana

lyzer, 230 V, 50 Hz, Bench Model.

How to Order

USA and Canada
Please address orders and other communications to

the sales facility nearest you, as indicated by the color
code on pages 12 through 16.

Other Countries
Customers outside the United States and Canada are

served by General Radio, its European subsidiaries, and
by various export representations, all located on the
map (pages 10 and 11) and listed on pages 12 through
16. Please direct all communications to the appropriate
representative. For countries not listed, inquiries should
be addressed to General Radio Company, Concord,
Massachusetts 01742, USA or, for customers in Western
and Eastern Europe, the Middle East, and Africa, to Gen
eral Radio Company (Overseas), P.O. Box, CH-8034
Zurich, Switzerland.
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Minimum Billing
The minimum billing per order is $10.00. This applies

to all purchases except repair parts and cash-with-order
transactions. Exception: $25.00 minimum billing for
ComputerWrap Corp.

Source-Inspection Surcharge
A surcharge of 1 percent ($2.50 minimum) applies

on all orders requiring inspection before shipment. The
inspection surcharge applies on each shipment in
spected and covers only our costs. Exception: Not ap
plicable to ComputerWrap Corp.

Shipping Instructions
Unless specific instructions accompany the order, we

shall use our judgment as to the best method of ship
ment. Shipments can be made by either air or surface
transportation. For fast delivery, at a reasonable pre
mium over other means, air shipment is generally rec
ommended and will be employed on request.

Prices
The prices in the price list attached to the domestic

copies of this catalog apply only on transactions originat
ing in the USA, include the cost of domestic packing,
are FOB factory, Concord, Massachusetts, and are ex
clusive of all taxes now in effect or that may be im
posed by Federal, State or local governments. Excep
tions are noted in the price list.

Prices given in the price list are subject to change
without notice. Formal price quotations remain in effect
for 30 days, 60 days for Time/ Data quotations and
quotations to export customers. An export-order-han
dling charge and special packing charge are applied
to e~port orders. Applicable FOB prices for transactions
originating outside the USA may be obtained from the
General Radio subsidiary or representative nearest you
(see pages 10 through 16).
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Power-Supply Considerations
General Radio ac-operated instruments will meet the

published specifications when operated from power
lines whose voltages and frequencies are within- the lim
its stated in the specifications under the heading Power.

Most instruments have input voltage ranges of 100
to 125 and 200 to 250 volts and will therefore operate
on nominal power-line voltages of 115, 220, 230, and
240 volts. The voltage range for which an instrument
is wired is marked at the power-input plug or cord.
Proper fuses for this voltage range are fitted in the fuse
holders.

When the power-line voltage on which the instrument
is to be operated is specified on the order, the necessary
changes in connections, fuses, and name plate are
made at the factory. Instruments equipped with line
voltage-selector slide switches are set for 115 volts when
shipped.

Certain instruments are available for use only on
power lines of 220, 230, and 240 volts (nominal).

For most instruments, the normal operating frequency
range is 50 to 60 hertz.

All ac-operated instruments are supplied with three
wire power cords, designed for USA standard three-wire
receptacles.

Battery Operation
Portable, battery-operated instruments are shipped

with dry-cell batteries packed separately to prevent
drain and leakage during shipment. To render the
instrument operative, the user need only install the
batteries.

Dimensions
Over-all dimensions are given for instruments except

that the depth dimension for rack-mount instruments is
actually depth behind panel, Le., clearance required.
However, no allowance is made for additiqnal clearance
that may be required for cables and connectors at rear
panel.
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Publications

General Radio publishes several handbooks, primers,
and periodicals that provide readers, with a wealth of
technical information on a variety of subjects. Hun
dreds of thousands of copies of this literature have been
distributed, and much of it is used throughout the world
in classrooms and for in-plant training programs. Copies
may be obtained through any of our sales offices or by
writing to the Sales Promotion Department, General
Radio Company, Concord, MA 01742.

Handbook of Noise Measurement Recently published
in its seventh edition, this hard-cover classic containing
328 fact-filled pages is generally regarded as must read
ing for anyone engaged in acoustical measurements.
Single-copy price in the USA is $7.50, with quantity
discounts starting at 10 copies.

Handbook of Stroboscopy The fascinating subject of
stroboscopy is thoroughly covered in easy-to-understand
terms in this 125-page, dramatically illustrated hand
book. Single-copy USA price: $2.00.

Handbook of High-Speed Photography The fine points
of how to photograph high-speed events inexpensively,
with a stroboscope as the light source, are described in
this 96-page popular handbook. USA price: $1.00.

Handbook of Coaxial Microwave Measurements This
169-page handbook was written for people who have a

need to know the basics of microwave measurements.
USA price: $2.00.

GR/TODAY A new periodical that is mailed to our en
tire mailing list to keep our customers informed of the
many activities taking place within GR and its subsidiary
companies. No charge.

Noise Measurement A popular and informative peri
odical mailed free of charge to those on our mailing list
who have indicated an interest in acoustic measure
ments.

Strobotactics Exciting and unusual applications of
stroboscopy are reported in the pages of this publica
tion. No charge.

Primers Three primers that are in great demand and
have had several reprintings each are: A Primer of Noise
Measurement, Primer of Plant-Noise Measurement and
Hearing Testing, and A Primer of Stroboscopy. Each is
sent free of charge upon request.

Also available are a number of Instrument Notes, re
prints of technical articles, catalog pamphlets on spe
cific product lines, product data sheets, etc. Product
information in several languages other than English is
available from General Radio Company (Overseas), P.O.
Box, CH-8034 ZOrich, Switzerland.
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Typical Acoustic Systems
In recent years, the normal requirements in acoustics

and vibration measurement have become so complex that
in many applications an assemblage of general-purpose
instruments is no longer adequate. To meet the more
demanding situations, General Radio offers complete
systems - groups of instruments fully integrated to pro
vide a total solution to a specific measurement need.

Standard software supplied is, of course, dependent
upon the system and its components. This software nor-

TIme/Data 1923 Fast Fourier Transform Analyzer
This system is used primarily for high-speed time-series analysis and
synthesis under the control of a computer, This permits analysis of
electrical signals in real time with a speed and economy not possible
with a computer alone, Such systems now are in use in oceanography,

• bio,medical and geophysical research, radar signal processing, speech
analysis, envir'onmental science studies, analysis of medical data, and
for structural-dynamics investigations that may include the analysis
of vibratory characteristics of all types of products. The Fourier trans
form and all other algorithms plus system control and operations are
performed by the computer with complete software supplied with the
system.

mally includes programs for all standard analysis opera
tions, system diagnostics and maintenance as well as
manuals for operating, programming and maintenance.
Custom-tailored software is always available at your
option.

The systems illustrated are but a small sample of the
versatility of General Radio's "cqmplete solution" ap
proach to create systems or modify standard products to
meet your special requirements.

Automatic Real-Time Analysis System
This Real·Time Analysis System, designed for a major U.S. shipbuilding
company, is a computer-controlled system for the analysis of many
kinds of signals with V3-Qctave-band filters from 3.15 Hz to 80 kHz, A
single input signal can be applied through a front-panel 01 RECT INPUT
connection or up to ten (10) signals can be applied through a multi
channel scanner with connections at the rear. The analysis is pre
sented at the output on a dc recorder, an oscilloscope, a line printer,
a punched paper tape, and a teletypewriter. All commands are sent
to the system by the operator at the teletypewriter and conversation
with the system is provided by the teletypewriter.



Sound Calibration Console
This Sound calibration Console was
supplied to the Calibration and
Meterology Division, Newark Air
Force Station, Newark, Ohio, for
use as a laboratory standard of
acoustical calibrations for the U.S.
Air Force. Among the measure
ment capabilities of the console are
the following:
Microphone Calibration
Frequency Analysis

Narrow Band
Y,-octave Ba nd
Octave Band

Characteristics of Anechoic
Rooms and Chambers

Reverberation Measurements
Frequency Response
Measurement and Analysis

of Tape-Recorded Signals

Automatic
Real-Time Analysis Systems

These systems were designed for a
U.S. Navy facility for the automatic
analysis of sound and vibration sig
nals. They consist of discrete, com
pact instruments that can be read-

. ily interconnected to provide one
third octave-band analysis in real
time. Signals from up to 16 trans
ducers--hydrophones, microphones
or accelerometers - can be meas
ured and analyzed. A visual dis
play and automatic plot are pro
vided, and the system may be eas
ily interfaced to a digital printer
or digital computer. Typical appli
cations include the measurement
of platform noise, structure-borne
noise, and sonar self-noise. The
system may also be used for sig
nature-analysis studies and in pre
ventive-maintenance programs. Sev
eral systems are shown during final
check-out before shipment.
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Industrial Hearing Conservation
Hearing-conservation programs in industry are becom

ing mandatory, especially in view of recent U.S. federal
legislation.

The concern over excessive noise in industrial environ
ments has increased significantly in the last few years.
Part of this concern stems from the latter-day recognition
that pollution of any type is damaging to individual wel
fare. More important is the mounting evidence that ex
cessive noise causes not only hearing damage, acceler
ated deafness, and decreased worker efficiency but other
severe physiological and psychological damage as well.

Of particular concern to industry are the rise in hear
ing-damage lawsuits (averaging $1500 to $2000 per
settlement in some areas) and the recent federal law
defining permissible noise levels.

The problem consists of three distinct parts - first to
locate noise hazards and to determine their magnitude,
second to determine whether employee hearing is af
fected and to what extent, and third to initiate noise
reduction measures.

All three parts of the problem must be taken into ac
count for any successful hearing-conservation program.
Such a program invariably begins with investigation to

determine the extent of the problem and ends after in
vestigation to determine the effectiveness of the solution.
Since each phase involves particular instrumentation and
measurement techniques, wise selection of equipment is
particularly important.

If not properly thought out, equipment selection can
result in a very expensive program. You may have dupli
cation, deficiencies necessitating several instruments for
one job, poor reliability, or instruments that are exces
sively difficult or time consuming to operate or that re
quire highly-trained operators. Apparently "economical"
equipment can be completely ineffective simply because
it won't do the job.

One solution to the problem is the package approach
evolved by General Radio to provide fully integrated in
strumentation for an effective and economical program.

This approach combines the expertise of General Radio
in noise measurements, the experience of Grason-Stadler
in audiometric techniques, and the leadership of the In
dustrial Acoustics Company in audiometric examination
rooms. The result is a complete array of hearing-con
·servation equipment - all from one source and with a
singular system responsibility.



Plant-Noise Measurement

The Walsh-Healey exposure limits, as incorporated in
OSHA, are given in the accompanying table. The expo
sures given are those permissible for a normal 8-hour
working day. When the noise consists of differing levels
throughout the day, their combined effect is considered

The Walsh-Healey impetus There is still no general
agreement as to exactly how much noise, what type of
noise, or what durations of exposure to noise constitute
a health hazard. But a legal definition of excessive noise
has been established and probably will be the accepted
guide for some time to come.

The definition comes in the form of safety regulations
issued by the U.S. Department of Labor under the Walsh
Healey Public Contracts Act. Early in 1969, Section 50
204.10 was added to this act. With this section, the act
provided, for the first time, noise limits beyond which
manufacturers were compelled to take steps to protect
their employees' hearing. Although the Walsh-Healey Act
applied only to manufacturers selling to the federal gov
ernment goods valued in excess of $10,000 or services
valued in excess of $2500, more recent legislation has
extended the coverage to all industries involved in inter
state commerce.

This later measure, the Occupational Safety and Health
Act (Public Law 91~596 - OSHA), also encourages in
dustrial plants to purchase equipment for noise measure
ment and monitoring and for workers' protection through
periodic audiometer tests of their hearing. OSHA also
authorizes the establishment of a large organization to
administer and enforce the standards.

Noise Exposure Limits

Noise Level, Limit,
Band dB(A) hours

A
B
C
D
E
F
G
H

under 90
90 to 92
92 to 95
95 to 97
97 to 100

100 to 102
102 to 105
105 to 110
110 to 115
above 115

unlimited
6
4
3
2
1.5
1
0.5
0.25
none

as follows. The total cumulative noise exposure, ex
pressed as a percentage of the allowable limit, is CT:

rCA CB Cc Co Ce ]
CT = 100 6 +4+3+2+E + CF + 2CG + 4CH

where CA is the total time the noise level is in band A, CB
is the total time the noise level is in band B, etc.

These limits are based on tests which show that, to
avoid increasing the risk of noise-induced hearing loss,
the duration of exposure must be reduced 50% for each'
5 d8(A) increase in level. The noise levels are specified
as dB(A) because A-weighted levels have been found to
correlate well with hearing loss.

One way to make noise measurements to the OSHA
criteria is by means of a 1563 or 1565-8 Sound-Level
Meter. The 1563 meets the requirements of ANSI Sl.4
1971 Type 3 and the 1565-8 meets the more stringent
requirements for Type 2 sound-level meters. For initial
surveys to detect potentially hazardous areas or where
noise levels are constant, the sound-level meter works
very well. But where the noise levels vary, the sound-level
meter may be unsatisfactory. Here the operator must not
only measure more than one noise level (with the prob
ability of several different range settings), he must also
time the duration of each level so that the total combined
noise exposure (CT) can be calculated. This procedure
could mean continuous measurements and recordings
over an 8-hour period - a difficult and time-consuming
task, prone to data-transcription or calculation errors.

A better way to make such measurements is automati
cally - simply push a button at the end of the day for
the results. That is the philosophy behind General Radio's
1934 and 1944 Noise-Exposure Monitors. The 1934
Noise-Exposure Monitor is designed for use in areas
where sound-level measurements are to be made in situ.
Where measurements for a worker who moves about dur
ing the day are to be made, the wearable dosimeter, GR's
1944 Noise-Exposure Monitor, should be selected.

For impact sounds which cannot be measured sat
isfactorily with a conventional sound-level meter, the,
1556-8 Impact-Noise Analyzer can be operated from the
output of a GR sound-level meter or octave-band analyzer
to measure noises produced by punch presses, forging
hammers, pile drivers, and similar equipment.

The sound-Ieve eter gives a quick check. If the noise from the
machine is over 90 dB(A) this safety officer knows immediately that
further measurelents are necessary to be sure OSHA limits are not

xceeded.
~



1565-8 and 1563 Sound-Level Meters

Calibration (with 1562 Sound-Level Calibrator): 1565-B can be
acoustically calibrated at 125, 250, 500, 1000, and 2000 Hz;
at 1000 Hz on Iy for 1563.
Environment: TEMPERATURE: -10 to +50°C operating; -40
to +60°C storage, with batteries removed. For 1565-B, co
efficient of sensitivity"'" +0.02dBI °C at 6 dB below full-scale
meter reading. HUMIDITY: 90% RH. MAGNETIC FIELD: 1
Oersted (80 AI m) 50- or 60-Hz field causes "'" 45 dB C
weighted indication when meter is oriented to maximum sen
sitivity to field.
Supplied: Carrying pouch, miniature phone plug to connect to
output, screwdriver for calibration adjust, batteries.
Available: For 1565-B only, when used with 1560-P96 Adaptor:
1560-P52 VIBRATION PICKUP, 1560-P73 or -P73B EXTEN
SION CABLE for remote microphone connection.
Power: Two 9-V batteries (Burgess 2U6 or equal) supplied,
provide"'" 50-h operation.
Mechanical: Shielded plastic case. DIMENSIONS (wxhxd):
1565-B, 3.63x6.5x2.09 in. (92x165x53 mm); 1563, 3.63x
5.38x2.09 in. (92x137x53 mm). WEIGHT: 1 Ib (0.5 kg) net,
3 Ib (1.4 kg) shipping.

1563 Sound-Level Meter
Type 3

• 40-to-140 dB range

• meet ANSI and lEe standards

• rugged ceramic microphones

• FET and integrated-circuit design combine
performance with reliability

• convenient pocket proportions-small and light

The best of both worlds The 1565-B is a full-fledged
standard sound-level meter - it conforms to both na
tional and international standards, meets all criteria nec
essary for the noise provisions of the Occupational Safety
and Health Act, and includes most of the features usually
found in larger, more cumbersome, and more expensive
instruments. Yet the 1565-B fits in the palm of your hand
and operates in severe environments for up to 50 hours
on self-contained batteries. There are no line cords to
bother with or microphone cords to trip over, and an
imaginative combination of controls permits one-hand
operation and rapid interpretation of the result - just
aim and read.

The 1565-B is the successor to the 1565-A, long popu
lar for rapid measurements of plant, traffic and oommu
nity noise.

The -B version is a total redesign to take advantage of
the experience gained with its predecessor and of the
latest advances in component and techniques - it is
smaller, 40% lighter, and easier to use. It offers 50%
longer life on batteries that are readily available. In com
mon with the 1565-A, the 1565-B is approved by the
Bureau of Mines for use in gassy coal mines.

Performance and versatility built-in The 1565-B uses
a rugged, yet laboratory-quality, ceramic microphone that
can be checked easily, when necessary, by such stan
dard calibration devices as the GR 1562 Sound-Level
Calibrator. An output jack is provided for use with head
phones or recorders, and a lock is provided so the range
control can be fixed in a single position. The instrument
is housed in a tough plastic case, tapered at the micro
phone end to reduce the effects of case diffraction, and
meets all ANSI requirements for a Type 2 general-pur
pose sound-level meter.

The 1563 is similar to the 1565-B but is designed to
meet the less stringent requirements for ANSI Type 3
survey meters. Other differences include a pressure
calibration restriction to 1000 Hz and the inability to be
adapted for use with vibration transducers, an external
microphone, or microphone windscreens.

SPECIFICATIONS
Sound Level: 40 to 140 dB re 20 J.LNI m'.
Weighting: A, B, and C. 1565-B conforms to ANSI S1.4-1971
Type 2 and IEC 123,1961. 1563 conforms to ANSI 51.4-1971
Type 3.
Meter: Rms response with fast and slow speeds.
Input: MICROPHONE: Lead-zirconate-titanate ceramic. For
1565-B, a 1560-P96 Adaptor converts input to 3-pin male A3
connector; for correct weighting, source impedance must be
380 pF ±5%. INPUT IMPEDANCE: "'" 13 Mn,1/'15 pF.
Output: ;;;'1.2V rms behind 620.0. with meter at full scale; will
drive 1556 Impact-Noise Analyzer, 1558 Octave-Band Noise
Analyzer, 1521 or 1523 recorders, oscilloscopes, or low-impe
dance headphone. HARMONIC DISTORTION: ';;;0.5% (0.1%
typical) from 32 Hz to 8 kHz, C-weighted with meter at full
scale.

New Since
Catalog U

Description

1565-B Sound·Level Meter

1563 Sound·Level Meter
Windscreens for I-in. microphone on

1565-8 only, reduce wind noise and
protect against contaminants, pack of 4

Battery, spare (2 req'd for each SLM)

1565-8 Sound-Level Meter
Type 2

Catalog
Number

1565-9702

1563-9701

1560-9521
8410-3200
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1556-8 Impact-Noise Analyzer

measure three characteristics of an impulse - peak,
quasi-peak, and time-average - with a single meter, at
the turn of a switch.
SPECIFICATIONS

Input: Any voltage from 1 to 10 V for normal range. Inputs
below 1 V reduce the range of reading.
Input Impedance: Between 25,000 and 100,000 n, depending
on the setting of the Level control.
Frequency Range: 5 Hz to 20 kHz.
level Indication: Meter calibrated in dB from -10 to +10. At
tenuator switch increases range by 10 dB.
Peak Reading: Rise time is less than 50 p'S for a value within
1 dB of peak value (for rectangular pulses). Storage time at
normal room temperature is greater than 10 s for a I-dB
change in value.
Quasi-Peak Reading: Rise time of less than lf4 ms and decay
time of 600 ±120 ms for rectifier circuit.
Time-Average Reading: Charge time of rectifier circuit selected
by seven-position switch, having times of 0.002, 0.005, 0.01,
0.02,0.05,0.1, and 0.2 s for the resistance-capacitance time
constant. Storage time at normal room temperature is greater
than 1 min for a I-dB change in value.
Input Terminals: Cord with phone plug at one end.
Required: A sound-level meter, analyzer, or other calibrated
amplifier to supply input for 1556.'
Batteries: One l1f2-V size-D flashlight cell and one 45-V battery
(Burgess XX30 or equivalent) are supplied. Typical battery
life is 100 h.
Mechanical: Aluminum cabinet with leather carrying case sup
plied. Cabinet can be fastened directly to. end of 1551 Sound
Level Meter. DIMENSIONS (wxhxd): 7.5x6.5x4.5 in. (l90x
165x114 mm). WEIGHT: 4.5 Ib (2.1 kg) net, 12 Ib (5.5 kg)
shipping.

Catalog
Number

1556-9702
8410-9590

Description

1556-B Impact-Noise Analyzer ~

Set of Replacement Batteries

The 1556-8 Impact-Noise Analyzer
attaches to the 1551-C Sound-Level

Meter as shown here.

This device evaluates the Characteristics of impact-type
sounds and electrical noise impulses, which cannot be
satisfactorily measured with conventional noise-meters.

Impact noises include those produced by punch
presses, forging hammers, fire alarms, pile drivers, office
machinery, and similar equipment. From the standpoint
of hearing damage, some of these sounds constitute a
serious problem for industry. They have hitherto been
measurable only by complicated methods employing
oscilloscopes.

The two characteristics of impact sounds that seem
most signicant are the peak amplitude and the duration,
or decay time. This analyzer measures the:
• peak value, the maximum level reached by the noise
• "quasi-peak", a continuously indicating measure of the

high levels reached just before the time of indication
• time-average, a measure of the average level over a

predetermined period of time, which, when subtracted
from peak level, is a measure of the duration of the
impact
For these applications, the Impact-Noise Analyzer op

erates from the output of a GR 1551 or 1565-8 Sound
Level Meter, a 1933 Precision Sound-Level Meter
and Analyzer, or a tape recorder. It measures sound or
vibration impacts, depending upon the transducer.

Electrical noise peaks in a wire communication circuit
can be measured with this instrument as one of the tests
to determine the adequacy of the circuit for transmitting
data pulses. In such measurements, many peaks may be
measured in a short time, and, after each peak, the stored
signal must be erased before the next pulse occurs. To
facilitate this a Reset pushbutton is provided, which can
also be operated by an ordinary camera cable release.

Circuit A battery-operated, degenerative, transistor
amplifier simultaneously drives three ac voltmeter cir
cuits, which comprise rectifiers, storage capacitors, and
a dc electronic voltmeter. The electrical storage system
(a capacitor charged by a rectifier) makes it possible to

• measures electrical and acoustical noise peaks

• stores transient peak and tUne-average values

• 50-JLs rise-time response

~ Federal stock numbers are listed before the Index. '156o-P80 (1560-9680) Adaptor Cable required with 1565-8.
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1934 Noise-Exposure Monitor
• automatically and accurately measures

noise exposure (level/time)

• conforms to OSHA, ANSI, and lEe requirements

• clear display, simple control

• compact, reliable, tamper proof

• outputs for automatic permanent records

Noise - a matter of health and the law Excessive
noise has long been a concern of physicians, public
health organizations, and employees and employers alike
- now it's a concern of the law as well. The 1970 Occu
pational Safety and Health Act* specifies maximum ex
posures to noise beyond which it is generally recognized
that a person's health and efficiency suffer. Measure
ments of such exposure involve the duration of exposure
in addition to the sound levels encountered and have been
difficult in the past - fraught with the complexities of
trained personnel and time-consuming calculations.

Simplified measurements - automatic and unattended
The 1934 measures noise exposure in accordance with
applicable OSHA, ANSI, and lEe requirements and does
so with such simplicity that only a finger and an ability to
read are required. Instead of a sound-level meter, re
corder, and desk calculator to make measurements, you
need only the 1934. Simply plug it in and push a button

* OSHA applies to those engaged in interstate commerce.
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to select the hours of test time (8 choices are available,
from 8 hours to 17 hours). You can then go about your
normal routine, return after the 1934 has automatically
completed the measurement and read the answer directly
in exposure from 0 to 990% where 100% is the maximum
legally allowed.

The 1934 accepts noise information from a micro
phone or sound-level meter, samples the information
approximately twice a second, categorizes and weights it
according to its sound level, and displays percent of noise
exposure or percent of test time as selected by panel
pushbuttons. The data are also available as electrical
signals at the rear panel for use by recorders, printers,
and other useful auxiliary instrumentation.

SPECIFICATIONS
Noise-Level Exposure: Maximum permissible exposure of
100% in accordance with OSHA is accumulated for any of the
following noise exposures:

Sound Level Exposure Sound Level Exposure

90 to 92 dBA 6 hours 100 to 102 dBA 1.5 hours
92to 95 4 102 to 105 1
95 to 97 3 105 to 110 0.5
97 to 100 2 110 to 115 0.25

When the daily noise exposure is composed of two or more
periods of noise exposure of different levels, their combined
effect is considered. The indicated answer on the front panel
of the instrument is the sum of the following fractions: (C,lT,
+ C,IT, + ... + CnITn) x 100, where Cnindicates the total time
of exposure "at a specified noise level and Tn indicates the total
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1560-9676

Catalog
Number

1934-9600

1934·9700
1934-9701

1934-9601

1560-9521

1934-9602

The 1934-Pl Security Case
with cover swung back to
show the 1934 mounted in
place.

~ 4 I ~

Salem, NH 03079; 6 in.h chart speed recommended. 1934
9602 ACCESSORY CABLE for connection to MFE model DP6/4
(1996372) three-column data printer.

Power: 100 to 125 or 200 to 250 V, 50 to 60 Hz, 25 W max.
Mechanical: Convertible-bench cabinet. DIMENSIONS (wx
hxd): 1934, 8.5x5.25x8.25 in. (216x133x21O mm); 1934-P1,
12.13x9.25xlI in. (308x235x279 mm). WEIGHT: 1934, 9.5
Ib (4.4 kg) net, 13 Ib (6 kg) shipping; 1934-P1, 6.5 Ib (2.5
kg) net, 11 Ib (5 kg) shipping.

1934 Noise-Exposure Monitor
Without microphone
With 1560-P6 microphone

1934-Pl Security Case, for tamper-proof
installation

1560-P76 Patch Cord, 3 It with phone
plugs, to connect to any GR sound
level meter

Accessory Cable for MFE M-12 or M-12B
recorder

Accessory Cable for MFE DP6/4
(1996372) data printer

Windscreen, for I-in. microphone,
per pack of 4

Description

time of exposure permitted at that le,vel (the multiplier 100
converts the results to a percent rather than a decimal frac
tion), If this indicated answer exceeds '100, then the mixed
exposure should be considered to exceed the limit value.
Measuring circuits meet ANSI Standard S1.4-1971 Type 2 and
IEC Publications 123-1961 and 179-1965 for A-weighted, slow
response circuits. The "A" in "dBA" refers to this weighting.
Measurement Times: 8 pushbutton-selected times, for 60-Hz
line, of 8,8.25,8.5,8.75,9,16,16.5, and 17 hours. A Pause
pushbutton interrupts measurement when pushed and allows
it to resume when released. Measurement stops and results
are stored for display when % Limit reaches 990% or when
elapsed time of measurement reaches that set by pushbuttons.
Display: DIGITAL: 3 high-intensity neon readout tubes display
% of noise exposure accumulated or % of elapsed measure
ment time as selected by pushbutton. LAMPS: Indicate test
complete, 115 dBA exceeded and 140 dB peak (operates only
with microphone input) exceeded.
Input: MICROPHONE connects to rear 3-pin type A3 mike jack
which also supplies power (+16 Vat 20 mAl to 1560-P40 or
-P42 Preamplifier. SOUND-LEVEL METER connects to rear
phone jack; ±9 V at 20 mA available at rear 5-pin type 126
jack to power sound-level meter.
Interface: DISPLAY: Three 8-4-2-1 BCD digits provide same
data as display at standard DTL or TIL levels (positive true,
logic 0 = ground, lO-mA sink; logic 1 ;;. +3.5 V). DIGITAL
LEVEL: 8 lines, one for each specified level. Logic 1 means
level exceeded. ANALOG LEVEL: 5 mA (";;90 dBA) to 0 mA
PlIO dBA) with 7 intermediate values for corresponding dBA
levels; available at rear miniature phone jack. CONNECTOR:
All signals except analog level available at rear double 15-pin
etched-board terminals.

Environment: TEMPERATURE: 0 to +55°C operating, -40 to
+75°C storage. HUMIDITY: 95% RH and +40°C. VIBRA
TION: 0.03 in. from 10 to 41 Hz, 0.01 in_ from 41 to 55 Hz.
BENCH HANDLING: 4 in. or 45° (MIL STD-81OA-VI). SHOCK:
30 g, 11 ms.
Supplied: 5-pin type 126 plug, phone plug and miniature
phone plug, double 15-pin etched-board connector, power
cord.
Available: 1562 SOUND-LEVEL CALIBRATOR, data printer and
recorder. 1934-Pl SECURITY CASE, tamper-proof with lock,
completely encloses exposure monitor and 1560-P6 Micro
phone, includes threaded stud to secure monitor. 1934-9601
ACCESSORY CABLE for connection to MFE model M-12 or M
12B recorder; recorder available from MFE, Keewaydin Drive,

>110
105+ -110
102+ -105
100+ -102
97+ -100
95+- 97
92+- 95
9()+ - 92

<90

00000000000000000000000000000

An actual strip-chart record made using the MFE accessory recorder
with the Noise·Exposure Monitor in the course of an hour at a noisy
work station. The cumulative noise exposure at this station was 110%
for the 8-hour day. From the plot it can be readily determined that
13% of the permitted daily exposure 'occurred between 10:33 and

10:35 (2 minutes divided by 15 minutes allowed, at levels between
110 and 115 dBA.) Note: a reduction of that 2-minute portion below
90 dBA would make the total day'S exposure 97% (within the legally
acceptable limit).
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1944 Noise Dosimeter
· . . consists of Monitor and Indicator as follows

INewl

...
....../

OSHA criteria. Exposure to levels in excess of 115 dBA
is also detected and the fact is stored by the 1944. At the
end of the day, readout on a separate instrument provides
you with the accumulated data.

The monitor performs its measurements with abso
lutely no effort on the part of the employee. Of equal im
portance, its light weight and small size permit it to be
worn with no hindrance to his work. The microphone is
built in, so there are no exposed wires or separate micro
phones to snag, break or possibly foul in moving equip
ment. Tamper-proof operation is assured, since there are
no displays or controls on the unit. A concealed on-off
switch is activated by a pin, normally controlled by the
supervisor of the noise measurement program. The pin
also serves to lock the battery in place, a single 9-V bat
tery that lasts for about 7 weeks of daily use.

1944 Noise-Exposure Monitor

Measuring true accumulated noise exposure The re
quirements of the Occupational Safety and Health Act for
measuring employee noise exposure are not always met
by single measurements of noise levels at various work
areas. Many people tend to move about during their work
day and noise levels vary from area to area. General
Radio offers you an instrument that measures the indi
vidual's noise exposure, precisely. The 1944 Noise-Ex
posure Monitor, a small, lightweight instrument (71f2
ounces), is worn by the worker and moves with him dur
ing the entire workday.

Powered by a single 9-V battery, this monitor detects
noise with its built-in microphone, weighs it and accumu
lates the total noise exposure for the workday, based on

• small, shirt-pocket size

• light weight, 7Y2 oz

• tamper-proof

• built-in mike

• conforms to applicable portions of ANSI S1.4-1971,
Type 2 Sound-Level Meters

• long battery life-300 hours

30 PLANT-NOISE MEASUREMENT GENERAL RADIO 1973 CATALOG



1944 Noise-Exposure Indicator

• only one required for any number of monitors

• built-in sound-level calibrator checks complete
system including microphone

• reads to 999%

• readout available only to authorized persons

• all electronic, including bright Iight-emitting
diode display - no moving parts

• battery operated

Displaying accumulated noise-exposure levels Retriev
ing the information (detected and stored in the 1944
Noise-Exposure Monitor) is accomplished with ease; you
use the 1944 Noise-Exposure Indicator. At the end of the
workday, simply plug the pocket-sized Monitor into the
Indicator, press a button, and look at the light-emitting
diode readout. The number displayed there represents

SPECIFICATIONS

1944 NOISE·EXPOSURE MONITOR See previous page.

Noise-Exposure Time: Maximum permissible exposure time of
100% in accordance with Occupational Safety and Health
Act (Public Law 91-596) is accumulated for the following al
ternatives, or a pro-rata combination of these:

the accumulated percentage of noise exposure a worker
has experienced ... 100% being the maximum permis
sible in accordance with OSHA. A lamp on the Indicator
lights in the event that 115 dBA has been exceeded at
any time during the monitored period.

The 1944 indicator unit also provides acoustic-calibra
tion verification as well as a check of battery condition.
Pushing two buttons resets the memory in the Monitor to
zero, ready for the next day's use.

Power: One 9-V battery (Burgess 2U6 or equivalent) supplied,
provides about 300 h operation.
Mechanical: Shielded metal case. DIMENSIONS (wxhxd):
2.2x4.9xO.9 in. (56x124x23 mm). WEIGHT: 7.5 oz. (0.21 kg)
net, 2 Ib (l kg) shipping.

Sound level is interpolated between the above points. The
integrator cuts off sharply below 90 dBA. STORAGE: Data
representing total noise-exposure time accumulated, in per
centage of legal limit; also the fact of whether the 115-dBA
limit has been exceeded. Accumulation can be stopped by
switching within Monitor; but data are held for shelf life of
battery or until memory is reset to zero by action of 2 buttons
in the indicator.
Sound-Level Range: 90 to 115 dBA (re 20 JlN/ m').
Weighting: "A" in accordance with ANSI Standard S1.4-1971
Type 2 and IEC Publication 123, 1961.
Accuracy at 115 dB, 1 kHz: At 23°C, ::to.5 dB; over the tem
perature range -10 to +50°C (14 to 122°F), ::t1 dB. LINEAR
iTY: ::to.4 dB at 1 kHz from 90 to 115 dBA with reference to
the 115-dBA level. STANDARDS: Satisfies all applicable sec
tions of ANSi S1.4-1971 for Type 2 sound-level meters, in
cluding acoustical, amplifier, weighting and detection speci
fications. DETECTOR: * True rms response with "slow" speed
in accordance with ANSI S1.4-1971, IEC Publication 123,
1961 and the Occupational Safety and Health Act. Crest
factor capacity at full scale (l15 dBA) is greater than 15 dB.
Microphone: Ceramic type.
Environment: TEMPERATURE: -10 to + 50°C (14 to 122°F)
operating, -40 to + 60°C storage with batteries removed.
HUMIDITY: Up to 90% RH at 40°C.

1944 NOISE-EXPOSURE INDICATOR

Readout of data stored in 1944 monitor: Non-destructive.
EXPOSURE TIME: 1% to 999% of legal limit, on light-emitting
diode display in 1% steps; 999% for any accumulation ex
ceeding this amount. 115 dBA EXCEEDED: A light shows if
115 dB A-Weighted sound level was exceeded during the
monitored workday.
Calibration: A sound-level calibrator (integral part of the indi
cator) produces a I-kHz sound for a period of 45 s at the
proper level to provide a noise-exposure accumulation of 5%.
BATTERY CHECK: A meter is provided for checking batteries
in the Monitor and Indicator units.
Environment: TEMPERATURE: -10 to +50°C (l4 to 122°F)
operating; -40 to +60°C storage with batteries removed. HU
MIDITY: Up to 90% RH at 40°C.
Power: Four 1.5-V "c" cells supplied, provide 20 h continuous
duty (at least 1 button held down). NORMAL SERViCE LIFE:
>6 months.
Mechanical: DIMENSIONS (wxhxd): llx7.3x2.1 (279x186x54
mm). WEIGHT: 3.9 Ib (l.8 kg) net, 6 Ib (2.8 kg) shipping.

Sound Level,
A-Weighted, Slow Response

90 dB
95

100
105
110
115

Exposure

8 hours/day
4
2
1
0.5
0.25

Description

1944 Noise Dosimeter, includes Monitor and
Ind icator in Storage Case

1944 Noise-Exposure Monitor
Spare Battery (monitor uses Ii
1944 Noise·Exposure Indicator
Spare Battery (indicator uses 4)

* Patent Pending

Catalog
Number

1944-9700
1944-9701
8410-3200
1944-9702
8410-1500
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Sound-Level Measurement Sets
• measure noise levels

• calibrate "on the spot"

INewl

SPECIFICATIONS
1563-9903 Sound-Level Measurement Set: 1563 Sound-Level
Meter, 1567 .sound-Level Calibrator, carrying case, batteries,
screwdriver for calibration adjust, miniature phone plug that
connects to sound-level-meter output.
1565-9902 Sound-Level Measurement Set: 1565-B Sound
Level Meter, 1562-A Sound-Level Calibrator, carrying case,
batteries, screwdriver for calibration adjust, miniature phone
plug that connects to sound-level-meter output.
1565-9903 Sound-Level Measurement Set: 1565-B Sound
Level Meter, 1567 Sound-Level Calibrator, carrying case, bat
teries, screwdriver for calibration adjust, miniature phone plug
that connects to sound-level-meter output.
Mechanical (any set): DIMENSIONS (wxhxd): 11.25x4.25x10
in. (286x108x254 mm). WEIGHT: 4.5 Ib (2.1 kg) net, 12 Ib
(6 kg) shipping.
For all other specifications, refer to the individual descriptions
of the instruments in these sets.

Convenient combination The GR sound-level measure
ment set is a practical buy for the person who needs to
make sound-level measurements and wants to make his
own periodic routine calibrations. Three versions of the
set are offered, each containing a sound-level meter and
a sound-level calibrator. The performance characteristics
of each version are determined by the individual instru
ments in the set, as follows:

The 1565-8 Sound-Level Meter meets ANSI Typ~ 2
Standards. The 1563 Sound-Level Meter meets the less
stringent Type 3 standards.

The 1562-A Sound-Level Calibrator provides 5 frequen
cies, enabling you to test frequency response as well as
to calibrate at a standard level. The 1567 Sound-Level
Calibrator tests at 1000 Hz, for calibration of level only.

80th instruments in each set are battery operated to
provide truly portable sound-level measurements and
calibration in a convenient, easily carried package. The
carrying case has the added advantage of keeping both
instruments together in a single package. The calibrator
is therefore readily available for on-the-spot calibration
of the sound-level meter.

Description

1563-9903 Sound-level Measurement Set
1565-9902 Sound-level Measurement Set
1565-9903 Sound-level Measurement Set

Catalog
Number

1563-9903

1565-9902

1565-9903
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Hearing Testing

The goal of any hearing conservation program is, of
course, the protection of employee hearing. It follows,
then, that the success of the program can be monitored
directly by repeated measurement of employee hearing.
If the program is successful, employee hearing is not
impaired. If noise hazards do exist, the onset of hearing
losses can be detected before they become serious, and
the offending hazards can be eliminated. Documentation
of new-employee hearing tests can serve to prevent
claims for hearing losses actually incurred prior to em
ployment. Similarly, preplacement hearing tests are
advisable to evaluate an employee's hearing prior to re
location in a potentially high-noise area.

The tool for hearing measurements is the audiometer,
an instrument that measures an individual's hearing
threshold as a function of frequency. Three broad cate
gories of audiometers are available: 1. Monitoring audi
ometers to detect whether persons have a hearing loss
or defect. 2. Diagnostic audiometers for professional
audiologists to diagnose hearing losses and to determine
the type of corrective action necessary. 3. Research
audiometers for use by medical specialists such as audi
ologists and otologists to conduct basic research into the
hearing mechanism and to develop new techniques for
curing speech and hearing defects. Inquiries about re
search and diagnostic audiometers should be directed to
Grason-Stadler.

The type of audiometer usually preferred in a hearing
conservation program is the monitoring audiometer.
Again, as with noise-measurement instruments, there
are two basic choices of the type of monitoring audi
ometers available - automatic and manual; the eco
nomics of the choice depend largely on the magnitude of
the task.

GEN ERAL RADIO 1973 CATALOG

The G-S 1703 Recording Audiometer is an automatic
audiometer that has won the endorsement of most au
thorities. It performs the necessary measurements rap
idly, produces highly repeatable results, and does not
require constant attention by the operator - the em
ployee tests himself after only a minimum of preliminary
instructions. Because the instrument produces an audio
gram automatically during the test, its validity is less
likely to be challenged than that of an audiogram plotted
manually after the test is completed, as is done with
manual audiometers.

The audiometric examination room is another important
aspect of employee-hearing measurements. Quiet is
necessary because background noise can seriously influ
ence the employee's response and, therefore, the test
results. In very rare cases, a sufficiently quiet area of the
plant or office can be found in which to perform the tests.
In most cases, however, such areas are non-existent and
a special acoustically treated room must be built or
purchased.

Since the noise levels inside the room must be below
the threshold of hearing, careful design and construction
techniques are necessary to achieve the necessary noise
reduction efficiencies. Walls and roof should be two to
four inches thick, constructed of material with a high
degree of acoustic absorption and sheathed in sheet
steel. Silencers must be employed on ventilator inlets
and outlets, and it is advisable to have the entire struc
ture mounted on elastomer vibration isolators. In addi
tion, for acceptable test results, such enclosures should
meet the various applicable standards including ASTM
E90-61T and ANSI Z24.19-1957, S3.1-1960 and S1.1960.
GR offers its 1939 Audiometric Examination Room and
1938 Sound Shelter, both of which meet these standards.
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SPECIFICATIONS
GR 1939 Audiometric Examination Room

Frequency' Attenuation' Level'

500 Hz 46 dB 76 dB
1000 53 83
2000 58 95
4000 61 108
8000 63 120

Construction: 4-in.-thick non-combustible steel-faced panels,
floor rests on rubber-in-shear vibration isolators, door opens
out and leaves 30x75.7-in. clear opening. WINDOW: 24x30
in. of 0.25-in. safety glass with acoustic seal.
Ventilation: Optional 100-CFM roof-mounted forced-air sys
tem guaranteed to be below threshold of hearing (ISO-1964);
non-protruding discharge silencer.
Mechanical: Modular construction, shipped disassembled.
DIMENSIONS (wxhxd): Inside, 40x78x36 in. (l02x198x910
cm); outside, 48x91x44 in. (122x31x112 cm). WEIGHT:
1700 Ib (770 kg) net.

Catalog
NumberDescription

Essential silence For valid audiometric tests, it is
essential that background noise be kept to an absolute
minimum and the best way to achieve this is by means
of an audiometric booth. Among the best available are
those manufactured by the Industrial Acoustics Company
for General Radio.

The booths described here meet applicable OSHA re
quirements. You will be pleased with the quality of con
struction. The large, smooth-operating doors are com
pletely safe, even for children, and the generous-sized
window helps keep the person inside at ease.

A shelf, available with the 1939 room, is ideal for in
strumentation such as the 1703 Recording Audiometer,
which otherwise requires a table or bench.

New Since
Catalog U

GR 1939

1938 and 1939
Quiet Rooms

• high attenuation, for noisy areas

• roomy interior

• several options - vent fan, shelf

Frequency' Attenuation' Levell

500 Hz 38 dB 68 dB
1000 44 74
2000 51 88
4000 52 99
8000 50 107

Construction: 2.5-in.-thick non-combustible steel-faced pan
els, floor carpeted with 3-ply continuous-filament nylon
bonded to 0.19-in. sponge rubber glued to floor, door opens
out and leaves 24x66 in. clear opening. WINDOW: 24x30
in. of 0.25-in_ safety glass with acoustic seal.
Ventilation: Forced ventilation system with intake and ex
haust silencers.
Mechanical: Shipped assembled, fits thru 30-in. doorway.
DIMENSIONS (wxhxd): Inside, 24x66x34 in. (61x168x86 cm);
outside, 29x75x39 in. (74x191x99 cm). WEIGHT: 650 Ib
(300 kg) net.

rl

•Lt'

-

1939 Audiometric Examination Room
With forced ventilation and shelf'
With forced ventilation, no shelf
With outside shelf for audiometer, no fan
Without forced ventilation, no shelf

Larger models also available (48 X 78 X 40 in. inside).

GR 1938 Sound Shelter

1939-9703
1939-9701
1939·9702
1939·9700

I Octave-band center frequency.
'Attenuation (noise reduction) is specified as the difference between

the sound-pressure level in a reverberant room outside the booth and
that inside the booth; ± 3 dB for instrument accuracy. Measurements
conform to ASTM E90-61T and ANSI Z24.19-1957, 53.1-1960, and
S1.1-1960.

3 Maximum ambient levels re ANSI S3.1-1960; include a 10-dB safety
factor for fluctuating ambient levels Assistance in site selection for
audiometric booths is part of GR's total package approach.

4 Normally included in the Industrial Hearing-Conservation Package.

New Since
Catalog U

GR 1938

• moderate attenuation

• fits through a 30-in. doorway

• economically priced, with vent fan
Description

1938 Sound Shelter, includes forced ventilation

Catalog
Number

1938-9700

34 HEARING TESTING
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1969 and 1964 ISO Standards. ACCURACY: ±3 dB from
500 Hz to 4 kHz, ±4 dB above 4 kHz. TIMING AND CON
TROL: Signal is automatically pulsed 200 ms on and 200 ms
off or can be presented continuously. RATES OF CHANGE:
Automatically programmed, +10 dBI s until first employee
response, then alternately + and - for each response, as fol
lows: 5 dB/s until 4th response, then 2.5 dB/s (but if em
ployee fails to respond in 5 s, rate returns to 5 dB/ s). FINAL:
At end of test, intensity is reset to min HTL and employee
control of intensity is terminated.
Control: Test button initiates test or continues test after stop.
Stop button interrupts signals, resets intensity to min HTL.
Hold button disables automatic frequency advance, leaving
intensity and employee control normal (but permitting oper
ator to change frequency and pen position manually).
Communications: Employee hand switch.
Display: 5x8 in. audiogram of HTL vs frequency, automatically
and continuously plotted.
Supplied: Calibrated employee earphones, employee hand
switch, 1000 audiogram forms, 12 blue fiber-tip pens, power
and patch cords.
Available: Fiber-tip pens in 3 colors, audiogram forms.
Power: 117 or 234 V, 50 to 60 Hz, 10 W ma·x.
Mechanical: Table-top unit. DIMENSIONS (wxhxd): 13x7x14
in. (330x178x356 mm). ·WEIGHT: 12 Ib (5.5 kg) net, 20 Ib
(9 kg) shipping.

New Since
G-S 1703 CatalogU

Recording Audiometer
• rapid automatic audiometric testing

• reduces operator errors

• permanent documentation of test data

• economically priced

Precise records at the push of a button Push the Test
button and the 1703 does the rest. It presents seven
standard .audiometric frequencies sequentially for 30
seconds each, varies th~ intensity of each until the hear
ing threshold is reached, and records the results of the
entire test on a large, legible chart - all automatically
and with no further control manipulation. The automatic
approach frees the operator to perform other duties and
effectively eliminates operator error since he is not in
volved in presenting test tones or in recording results.

All seven frequencies are presented first to the left ear
and then to the right. After the sequence is complete, a
I-kHz tone is re-presented to the right ear to assess the
reliability of the test. At the introduction of each test fre
quency, the signal intensity changes rapidly until the em
ployee's first response, then more slowly as the threshold
is approached. This technique devotes less time to reach
ing the threshold and more time to defining the threshold
precisely, with a resultant increase in the retest reliability
and a more meaningful audiogram. The inclusion of an
8-kHz test frequency greatly assists in the discrimination
between hearing losses due to presbycusis and those
caused by long-term noise exposure.

Fiber-tip pens are available in three colors for easy
comparison of an employee's audiograms taken at differ
ent times on the same chart; any changes are then clearly
visible. Use different colors on, for instance, a pre-em
ployment audiogram and for retesting after one and two
years' employment.
- See GR Experimenter for OctoberI December, 1970.

The G-S 1703 is one of several aUdiometers manufactured by Grason
Stadler, a GR Company. For other audiometers, see page 102.

SPECIFICATIONS
Signal: PURE TONE: 7 frequencies automatically and sequen
tially presented to the left, then to the right, ear: 500 Hz, 1, 2,
3, 4, 6, and 8 kHz, followed by I-kHz retest of the right ear.
FREQUENCY ACCURACY: ±3%. TIMING AND CONTROL:
After Test button is pushed, each frequency is presented for
30 s.
Intensity: RANGE: Varies automatically and continuously from
-10 to +90 dB Hearing Threshold Level (HTLl n; ANSI S3.6-
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Description

1703 Recording Audiometer
Chart Paper - 500 sheets
Pens, Red - Pkg of 4
Pens, Green - Pkg of 4
Pens, Blue - Pkg of 4

Catalog
Number

1703-9700
1703-9102
1703·9665
1703·9666
1703-9667
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Calibration

An important consideration No matter how well
planned a hearing-conservation program may be or how
carefully the equipment has been selected, the entire
effort can be jeopardized by insufficient evidence that the
instruments have been performing properly. Periodic
performance checks are therefore advisable and should
include all equipment involved in the hearing-conserva
tion program.

Calibration equipment Comprehensive calibrations of
the equipment are generally recommended every 6 to 12
months; calibrations can be done only at the manufac
turer's service facility or at independent laboratories
specializing in such certifications. A daily monitoring
check on equipment performance, however, can be ac
complished on-site quickly and easily, with a relatively
minor investment.

36 CALIBRATION FOR SOUND MEASUREMENTS

The basic reference is a microphone calibrator that is
a source of sound at a precisely known sound-pressure
level. Such a calibrator provides a quick check on the
accuracy of sound-level meters and noise-exposure mon
itors used for noise-hazard detection and on sound analy
zers used for detailed analyses of the hazard. GR offers
both multi-frequency and single-frequency sound-level
calibrators in its Types 1562-A and 1567.

Once a sound-level meter has been calibrated, it is
ready to check the sound levels in noisy areas and, in
conjunction with an earphone coupler, to make checks
on an audiometer.

An excellent instrumentation package for field cali
brations is the GR 1562-Z Audiometer Calibration Set
which includes a microphone calibrator, a sound-level
meter (also useful for noise-hazard detection), and an
earphone coupler, all neatly packaged in a compact case.
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1562-Z
Audiometer
Calibration
Set

The 1562-Z-faulty hearing or faulty audiometer? In
1963 a study' revealed that an audiometer only had a
50-50 chance of being accurate. Deficiencies included
sound pressure at or beyond tolerance limits, faulty ear
phone performance, frequency outside limits, excessive
harmonic distortion, and extraneous instrument noise.

With this fact in mind the 1562-Z Audiometer Cali
bration Sets were conceived - mini-systems with maxi
benefits for tight budgets. Each contains a sound-level
meter and earphone coupler to measure the output level
and frequency response of the audiometer, a sound-level
calibrator to ensure accurate readings from the sound
level meter, a calibration chart, a full set of instructions,
and a convenient carrying case to keep everything
together.

Earphone Couplers There are two versions of the cali
bration set. One includes a 1560-P82 Earphone Coupler
and the other a 1560-P83 Earphone Coupler. Both

couplers fit 1-inch-diameter microphones such as GR
1560-P5, -P6, and -P7 microphones and Type L labora
tory standard microphones such as the WE 640AA. The
calibration set including the 1560-P82 Earphone Coupler
is used for calibrating the Telephonics TDH-39 and TDH
49 earphones alone (without muff). The set including
the 1560-P83 Earphone Coupler is used for calibrating
the same earphones with the earphone cushions (MX
41/ AR) left in place. A third coupler, the 1560-P81
Earphone Coupler (available separately), is for Pia-inch
diameter microphones such as the older GR 1560-P3
and -P4 microphones, and is similar to the 1560-P82 in
all other respects.
- See GR Experimenter for May-June 1967 (1562) and Oct. 1966 and
April 1968 (1565-Z and earphone couplers).

I E. L. Eagles, S. M. Wishik, L. G. Doefler, W. Meinick, H. S. Levine,
Hearing Sensitivity and Related Factors in Children, University of Pitts
burgh Graduate School of Public Health. Published by Laryngoscope,
St. Louis, Missouri 1963.

* The 1560-P81, -P82, and -P83 include a microphone locating step for
greater ease of use. A series of carefully controlled measurements with
both NBS- and GR-type couplers indicates that this minor difference
causes no discernible variation in coupler response.

1562-9900

1560-9681

1562-9901

1560-9682
1560-9683
8410-3200

Catalog
Number

1562-Z Audiometer Calibration Set
with 1560-P82 Earphone Coupler
with 1560-P83 Earphone Coupler, can be
used without removing earphone
cushions.

1560-P81 Earphone Coupler, ANSI type 1,
IV. in.

1560-P82 Earphone Coupler, ANSI type 1,
1 in.

1560-P83 Earphone Coupler, GR type 9A
Battery, spare for 1565-B (2 required)

Descri ption

Frequency: 125 Hz to 8 kHz audiometric frequencies; re
sponse is equal to that obtained with NBS 9-A coupler within
1 dB to 4 kHz and 1.5 dB to 8 kHz when it is used with TDH-39
or TDH-49 earphone in (for 1560-P83 only) MX-41/ AR ear
cushion.
Mechanical: 1560-P81 and -P82: DIMENSIONS: Coupler, 2.25
in. dia x 1.06 in. high (57 x 27 mm); over-all (wxhxd), 2.25x
3x3 in. (57x76x76 mm). WEIGHT: 0.5 Ib (0.3 kg) net, 2 Ib
(l kg) shipping. 1560-P83: DIMENSIONS: Coupler, 2.94 in.
dia x 1.25 in. high (75x32 mm); over-all (wxhxd), 2.94x3.5x
3.5 in. (75x90x90 mm). WEIGHT: 0.5 Ib (0.3 kg) net, 2 Ib
(l kg) shipping.

{

1560-P83: GR 9A
(modified version
of NBS type 9
A*). VOLUME:
5.642 em' in
cluding volume
added by micro
phone. AX
IAL HOLDING
FORCE: 450
grams nominal.

SPECIFICATIONS
1562-Z AUDIOMETER CALIBRATION SET
Supplied: 1565-B Sound-Level Meter, 1562 Sound-Level Cali
brator, earphone coupler, spare batteries, storage case.
Mechanical: DIMENSIONS (wxhxd): l1.25x4.25xlO in. (286x
108x254 mm). WEIGHT: 5 Ib (2.3 kg) net, 12 Ib (6 kg)
shipping.

EARPHONE COUPLERS
1560-P81 and
-P82: ANSI Type
1. * VOLUME:
6 em' including
equivalent vol
ume of micro
phone. AX
IAL HOLDING
FORCE: 500
grams.
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1562-A Sound-Level Calibrator
• 125 to 2000 Hz

• ±0.3-dB accuracy at 500 Hz

• fits many microphones

• approved by Bureau of Mines

Catalog
Number

156(}'9561
841 (}.3000

1562-97011562-A Sound-Level Calibrator 0
Coupler Adaptor Set, adapts 1562-A to

V8, v.., and V2-in. microphone
Battery, spare (1 required)

other frequencies; and, for other microphones, ±0.5 dB at 500
Hz and ±0.7 dB at other frequencies.
Electrical Output: 1 V±20% behind 6 kn, flat ±2% with <0.5%
distortion; available at phone jack.
Environment: TEMPERATURE: 0 to 50°C operating. Tempera
ture coefficient of sound-pressure level is 0 to -0.012 dB/oC;
correction chart supplied. HUMIDITY: 0 to 100% RH.
Supplied: Carrying case, adaptors for 5fs- and I-in. micro
phones (fits IVa-in. microphones without adaptor), battery.
Available: 1560-9561 COUPLER ADAPTOR
SET, for coupling 1562 to lfa, 1f<l, and 1l2-in.
microphones. Set is supplied as standard with
all GR microphone sets.
Power: Battery operated (9 V, Burgess PM6 or equal); 120 h
use.
Mechanical: DIMENSIONS: 5 in. (127 mm) long x 2.25 in. (57
mm) dia. WEIGHT: 1 Ib (0.5 kg) net, 4 Ib (1.9 kg) shipping.

Description

A handful of precision The 1562-A is a self-contained
unit for making accurate field calibrations on micro
phones and sound-measuring instruments. This calibra
tor fits in the palm of your hand, operates on its own
battery power, features a single fumble-free control, and
provides a precisely known sound-pressure level at five
ANSI-preferred frequencies.

Adaptors supplied with the 1562-A permit calibration
of any GR Pis", 1", or V2" microphone. Optional adapt
ors are available to permit calibration of most other
standard-size microphones.

An electrical signal output is provided for tests on
instruments without microphones, and a built-in indica
tor lamp checks for adequate battery voltage.

Typical GR instruments that can be calibrated with
the 1562-A are sound-level meters, octave-band ana
lyzers, and sound and vibration analyzers.

SPECIFICATIONS
Acoustic Output: FREQUENCIES: 125, 250, 500, 1000, and
2000 Hz; ±3%. SOUND-PRESSURE LEVEL: 114 dB re 20
p.N/ m'; accuracy at 23°C and 760 mm Hg is, for WE 640AA or
equivalent microphone, ±0.3 dB at 500 Hz and ±0.5 dB at

1567 Sound-Level Calibrator

INew I

o to 23°C; -0.017 ± 0.008 dB/DC, 23 to 50°C. Pressure
correction chart supplied. HUMIDITY: 0 to 95% RH.
Supplied: Carrying case, adaptor for 1565-B, battery.
Power: Battery operated, using 9-V Burgess 2U6 or equiva
lent; 100 h of use.
Mechanical: Cylindrical housing. DIMENSIONS (dia x h): 2.38x
4.44 in. (61x113 mm). WEIGHT: 1 Ib (0.5 kg) net, 4 Ib (l.9
kg) shipping.

Economical Calibration The 1567 Sound-Level Cali
brator is specially designed for you who wish to check
instrument sensitivity only (not frequency response). The
1567 has a single-level output and is well suited for cali
brating the 1563 and 1565-8 Sound-Level Meters at 1
kHz.

SPECIFICATIONS
Acoustic Output: FREQUENCY: 1000 Hz, ±3%. SOUND-PRES
SURE LEVEL: 114 dB re 20 p.N/m'; accuracy (at 23°C and
760 mm Hg) is ±0.5 dB for 1565-B, ±1 dB for 1563.
Environment: TEMPERATURE: 0 to 55°C operating. Tempera
ture coefficient of sound-pressure level is zero ±0.01 dB/oC,

Description

1567 Sound-Level Calibrator
Battery, spare (1 required)

Catalog
Number

1567-9701
8410-3200

o Federal stock numbers are listed before the Index.
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Product-Noise Reduction
Of the techniques available, control and reduction of

noise at its source is the most desirable, if sometimes the
most baffling. Fortunately, an ever-growing arsenal of
tools is offered to the product designer who must cope
with the product-noise reduction problem.

Fundamentally the noise generated by a product can
be characterized by three properties or combinations
thereof. These are the amplitude, frequency and time
distributions. GR instruments are available for the meas
urement of any of these properties.

Amplitude By far the most frequently used instru-
ment is the sound-level meter whose primary function
is the measurement of amplitude. The American Na
tional Standards Institute has established three classes
of sound-level meters and the International Electrotechni
cal Commission two classes. GR has instruments meeting
the requirements of each class from either organization.

The 1563 is an inexpensive instrument which meets
fully ANSI S1.4-1971 Type 3 requirements. The 1565-B
and 1551-C meet the provisions of ANSI Type 2 and IEC
143. The new 1933 Precision Sound-Level Meter and
Analyzer is a breakthrough in sound-level-meter design.
It meets ANSI Type 1 and IEC 179 and includes many
automatic features to simplify and speed measurements
to precision standards, in the field as well as in the lab
oratory. A new companion cassette data recorder adds
automatic memory to the features of this precision sound
level meter and analyzer.

Frequency Both human response to noise and vibra
tion and the ability to locate its sources are functions of
frequency distribution. Frequency-analysis instruments
available from GR cover the complete range from those
that sequentially' examine th.e spectrum in octave bands
to those that can divide the spectrum in as many as 2,000
segments and measure them all continuously.

The 1933 Precision Sound-Level Meter and Analyzer
includes an octave-band analyzer covering the standard
octave-band center frequencies from 31.5 Hz to 16 kHz.
A unique automatic ranging system Opti-Range simpli
fies the operation of this analyzer.

Most product-noise problems require analysis in 1/3
octave bands. GR offers three systems for performing
such analysis. The 1911 provides continuously timed
1/3- and 1/ lO-octave analysis to meet all provisions of
MIL Std 740B. The 1523 with its -P3 plug-in provides
fully automatic stepped 1/3-octave analysis while mini
mizing test time with an optional "constant confidence"
mode of operation. The 1921 Real-Time Analyzer can
provide a complete, new 1/ 3-octave spectrum analysis as
often as every 1/8 of a second. Use of a digital detection
scheme provides true rms measurement of band levels,
wide dynamic range, and eliminates the spectrum smear
ing problems associated with conventional analog ap
proaches.

Some noise and vibration problems require narrower
bandwidth of spectral analysis. For such problems the
1910 and 1913 systems offer a choice of fixed (3-, 10-,
or 50-Hz) bandwidths and a constant 1% of the center
frequency, respectively.

The development of Fast Fourier Transform algorithms
has led to a new generation of real-time analysis equip
ment of unparalleled speed and flexibility. The spectrum
can be divided into as many as 8192 segments and up
dated as often as every 12.2 milliseconds (for 1024 lines).
The arithmetic operations embodied in the design of such
analyzers are applicable to amplitude and time analysis
as well as to frequency analysis. The T/0 1923 Series
has the capability of analyzing all three fundamental sig
nal properties; take your choice among the several ver
sions, offering several processing-speed/ cost tradeoffs.
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1551-C Sound-Level Meter
• general purpose (Type 2)

• 24- to 150-dB measurement range

• meets common standards:
ANSI Standard 51.4-1971
lEe Publication 123, 1961

• 20-Hz to 20-kHz amplifier response

• internal calibration system

The 1551-C is a convenient, highly accurate, general
purpose sound-level meter and is also the key instrument
in a wide variety of sound-and-vibration measuring sys
tems. In use as a sound-level meter alone, the 1551 is
compact and easy to handle, rugged enough for severe
environments, and simple to use.

This highly versatile Type-2 instrument will, for ex
ample, serve as a calibrated preamplifier in combination
with other, related instruments such as spectrum an
alyzers, special-purpose microphones, calibrators, and
vibration pickups. Many other accessories, such as
scopes, headphones, graphic level recorders and tape
recorders, can be operated from the sound-level-meter
output.

40 MEASUREMENT OF SOUND AND VIBRATION

This sound-level meter can also be used as a portable
amplifier, attenuator, and voltmeter for laboratory meas
urements in the audio-frequency range.

Many of its applications are described in detail in the
Handbook of Noise Measurement, a copy of which is
available to each customer.

Description The 1551-C consists of an omnidirectional
microphone, a calibrated attenuator, an amplifier, stan
dard weighting networks, and an indicating meter. The
complete instrument, including batteries, is mounted in
an aluminum case. The microphone can be used in sev
eral positions and, when not in use, folds down into a
storage position, automatically disconnecting the bat
teries. An ac power-supply unit is available.

Sound level'is indicated by the sum of the meter and
attenuator readings. The clearly marked, open-scale
meter covers a span of 16 dB.

Absolute acoustic sensitivity is factory calibrated at
500 Hz. Microphone response and sensitivity are meas
ured in a free field from 20 Hz to 15 kHz by comparison
with a WE 640AA laboratory-standard microphone with
calibration traceable to the National Bureau of Standards.
Complete electrical frequency-response measurements
are made on each instrument.

The SLM case is fitted with soft rubber feet and ampli
fier is resiliently mounted for vibration i~olation.
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(Left) Microphone in the storage position (batteries automatically discon
nected). (Right) i The sound-level meter operated in its leather carrying
case, microphone in the horizontal operating position.

SPECIFICATIONS

Power: Two 1¥2-V size D flashlight cells and one 67¥2-V bat
tery (Burgess XX45 or equivalent), supplied.

Mechanical: Aluminum cabinet. DIMENSIONS (wx~xd): 7.25x
9.25x6.13 in. (l85x235x156 mm). WEIGHT: 7.75 Ib (3.6
kg) net, 16 Ib (8 kg) shipping, batteries included. Add 2 Ib
(1 kg) for leather case.

indication:;;; 60 dB (C weighting) in a 60-Hz, 1 oersted (80
AI m) field. ELECTROSTATIC FIELDS: Negligible effect. VI
BRATION: Residual indication or signal level < 45, 60, or
40 dB (C weighting) for vibration vertical, lengthwise, or side
wise, (respectively); shaker amplitude, 0.10 in. pk-pk; any
frequency from 10 Hi to 55 Hz; the SLM standing on its feet.

Supplied: Telephone plug.

Available: 1551-P2 LEATHER CASE (permits operation of in
strument in case), 1562 SOUND-LEVEL CALIBRATOR, 1560
P95 ADAPTOR CABLE (connects output to 1521-B Level Re
corder).

Sound-Level Range: From 24 to 150dB (re20 JLN/m2
).

Frequency Characteristics: Four response characteristics as
selected by panel switch. The A-, B-, and C-weighting posi
tions are in accordance with ANSI Standard S1.4-1971 and
IEC Publication 123, 1961. Response for the 20-kHz position
is flat from 20 Hz to 20 kHz, to complement very wide-band
microphones.

Microphone: GR 1560-P5.

Sound-Level Indication: METER: Calibration from -6 to
+10 dB. ATTENUATOR: Calibrated in 10-dB steps from 30
to 140 dB above 20 JLNI m2

•

Calibration Accuracy (absolute): ±1 dB at 500 Hz, in accord
ance with ANSI standard at all frequencies, when amplifier
sensitivity has been standardized (use front-panel adjustment).
Note: The 1562-A Sound-Level Calibrator can be used for mak
ing periodic over-aJI acoustic checks.

Output: 1.4 V behind 7000 n (meter at full scale). HAR
MONIC DISTORTION (panel meter at full scale): < 1%.

Input Impedance: 25 Mn in parallel with 50 pF.

Meter: Rms response, fast and slow meter speeds in accord
ance with ANSI 51.4-1971 and IEC 123, 1961.

Environment: TEMPERATURE AND HUMIDITY: Operating, 0
to 60·C and 0 to 90% RH. (Specifications valid when SLM is
standardized and meter indication> 0 dB). Storage, -30 to
+95·C and 0 to 100% RH. MAGNETIC FIELDS: Residual

<e> Federal stock numbers are listed before the Index.

Description

1551-C Sound-Level Meter <e>

Set of Replacement Batteries

1551-P2 Leather Carrying Case

Windscreen, for I-in. microphone, pack of 4

Patent Number 3,012,197.

Catalog
Number

1551·9703

8410-9499

1551·9602

1560·9521
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1553 Vibration Meter
• direct reading in acceleration, velocity, displace

ment, and jerk

• 2 to 2000 Hz (120 to 120,000 rpm) to 20,000 Hz with
suitable pickup

• portable, battery operated, simple to use

Vibration in a machine can cause faulty production,
premature wear, structural fatigue, and human discom
fort and fatigue.

The 1553, portable and simple to use and to read, is
well suited to making rapid, repetitive measurements
against vibration criteria, such as required in quality
control product testing and preventive maintenance pro
grams. With the 1553, periodic measurements of over-all
vibration in a machine will quickly show any deteriorating
performance trends and lead to early preventive main
tenance.

This instrument gives readings in quantities that are
physically meaningful: displacement (for clearance prob
lems), velocity (for a criterion in preventive maintenance
of machines), acceleration (a measure of the possibility
of mechanical failure), and jerk (related to vehicular rid
ing comfort). The 1553-A indicates directly in inches,
in./s, in./s', or in./s'.

Its excellent low-frequency response permits the study
of the operation of belt drives and of the effectiveness of
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mountings designed to reduce vibrations in adjacent
structures.

Frequency analysis of vibrations aids in identifying
their mechanical sources, diagnosing causes, and meas
uring the effect of remedies. The GR 1564-A Sound and
Vibration Analyzer or the 1568-A or 1900-A Wave Ana
lyzer is of great value in making such frequency analyses.

The 1553 Vibration Meter consists of an inertia
operated, lead-zirconate-titanate ceramic pickup, which
delivers a voltage proportional to the acceleration of the
vibratory motion; an adjustable attenuator; an amplifier;
and an indicating meter. Networks can be switched to
convert the output of the vibration pickup to a voltage
proportional to displacement velocity, or jerk (time rate
of change of acceleration).

Filter jacks on the panel allow the use of external high
pass filters where it is desired to eliminate the frequency
components below 30 or 70 Hz.

The vibration meter is portable and is mounted in a
Flip-Tilt cabinet, which serves as protective cover and
case in transit, and as a base on which the instrument
can be operated in almost any position from vertical to
horizontal.

Accessories include various tips and a metal probe for
the pickup to facilitate measurements in normally in
accessible places. Available at additional cost is the
1560-P35 Permanent-Magnet Clamp, which replaces the
probe or tip when measurements are made under condi
tions where hand-held operation would not be satis
factory.
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SPECIFICATIONS
Ranges of Measurement:

Catalog
Number

1553·9701
1553·9710
1553-9711
1553.9550
1553·9551
8410-9799
1560·9652
1560-9635

Vibration pickup with
permanent-magnet clamp

Description

Vibration meter
with power supply.

1553-A Vibration Meter
Portable Model, with batteries 0
Portable Model, with 115-V ac supply
Portable Model with 230-V ac supply
Rack Model with 115-V ac supply
Rack Model with 230-V ac supply

Set of Replacement Batteries
1560-P52 Replacement Vibration Pickup
1560-P35 Permanent-Magnet Clamp

Patent Number 3,012,197.

Mechanical: Flip-Tilt case or rack-mounting cabinet. DIMEN
SIONS (wxhxd): Portable model, 8x9.25x7.5 in. (203x235x190
mm); rack model, 19x1O.5x5 in. (483x267x127 mm).
WEIGHT: Portable, 10.5 Ib (4.8 kg) net, 14 Ib (7 kg) shipping;
rack, 1lJ. Ib (7 kg) net, 31 Ib (15 kg) shipping.

10k
"

10 100
FREOUENCY IN HERTZ

fRE~UENCY RESPONSE CHARACTER ISTles oi11ID2

/OJ~

2

Accuracy: ±1O% of full scale.
Input Impedance: 25 Mr!.
Voltage at Output Jack: 5 V rms, behind 75 kn, full-scale.
Attenuators: A lO-step attenuator changes the meter-scale
range by a factor of 100,000 to 1. Window readout indicates
full-scale values and units (10 times full-scale for Average
readings).
Calibration: Internal.
Allowable Pickup Sensitivity, Direct Reading: 30 to 150 mV I g.
Terminals: INPUT: 3-wire audio connector, for pickup cables.
OUTPUT: Telephone jack for heaaphones, one of the many
analyzing instruments, or a StrobotaC® electronic stroboscope.
SUflplied: 1560-P52 Vibration Pickup.
Available: 1560-P35 PERMANENT-MAGNET CLAMP; 1557-A
VIBRATION CALIBRATOR, high-frequency pickup 1560-P53,
and high-sensitivity pickup11560-P54.
Power Supply: PORTABLE MODEL: 3 size-D cells and one
67V2-V battery (Burgess Type XX45 or equivalent) supplied.
Typical battery life, 7 days at 8 h per day. For ac operation,
use Type 1262-C Power Supply (listed below). RACK MODEL:
Type 1262-C Power Supply is included, no battery.

Frequency
Quantity Peak to Peak Average Units Range (Hz)

Acceleration 0.3 to 300,000 0.03 to 30,000 in./s' 2-2000
Velocity 0.03 to 30,000 0.003 to 3,000 in./s 2-2000
Displacement 3 to 300,000 0.3 to 30,000 mils 2-2000
Displacement 0.03 to 30,000 0.003 to 3,000 mils 20-2000
Jerk 30 to 300,000 3 .to 30,000 in./s' 2-20

FREOUENCY IN HERTZ
Catalog
,N'umber

The 1262-C Power Supply attaches to the Vibration
Meter for ac power-line operation. This power supply is
included with rack models or optionally with portable.
Power: 105 to 125 V, 50 to 400 Hz, 3 W, or 195 to 250 V,
50 Hz, 6W.
Mechanical: Shaped for attachment to Flip-Tilt case. DIMEN
SIONS (wxhxd): 7.25x9.25x3.25 in. (184x235x83 mm).
WEIGHT: 2.25 Ib (1.1 kg) net, 8 Ib (3.7 kg) shipping.

Description

1262-C Power Supply

JUbUENC1y JEsU!~ UHARJTEUT!Jsl BI ~

, 10 00 Ik 'Ok

20..
wr:

Response characteristics for constant applied (1) acceleration, (2) jerk,
(3) velocity, (4) displacement, 2-Hz cutoff, and (5) displacement. 20-Hz
cutoff.

1262-C Power Supply 12"62-9703

o Federal stock numbers are listed before the Index.
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INewl1933 Precision
Sound-Level Meter and Analyzer

The 1933 reflects 50 years of GR expertise and leadership in acoustic measurements ...
. . . it has no equal.

• three instruments in one
precision sound-level meter
precision impulse sound-level meter
octave-band analyzer

• compact, lightweight, and fully portable

• virtually mistake-proof operation with:
• OPTI-RANGE
• easy-to-read meter display
• extendible microphone mast

• can be used with low-cost de recorders

• compatible with companion cassette data recorder

A precision sound laboratory The 1933 is a precision
measuring instrument that conforms to U. S. and inter
national standards for a precision sound-level meter,
octave-band analyzer, and impulse sound-level meter.
An impact (true peak) measuring capability is also pro
vided. The 1933 measures true rms values (there are
no approximations) and automatically warns of invalid
readings due to overloads. The complete instrument is
in a package one-half the size and weight of conven
tional analyzers.

An easy-to-use instrument Set the upper knob to
Weighting and the 1933 becomes a sound-level meter
with a pushbutton choice of A, B, or C weighting or flat
response from 5 Hz to 100 kHz. Fast and slow meter
speeds are also pushbutton selected. Another button
allows impulse testing, according to the proposed
amendment to IEC 179, or impact (peak sound-pressure
level) testing often used for the measurement of indus
trial impact noise.

Conversion to an octave-band analyzer is equally sim
ple; turn the knob to the desired octave band - there'
are 10 to choose from, with center frequencies from
31.5 Hz to 15 kHz.

Virtually mistake-proof measurement A single control
is sufficient to set the meter range, even when the in
strument is used as an octave-band analyzer. In other
analyzers, two are required: An input range control to
set the "all-pass" level and an analyzing range control to
provide an on-scale meter indication after the desired
octave filter has been selected. (Both are necessary to
obtain the maximum analyzing range and maximum
dynamic range.) But in the 1933 a unique automatic
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attenuator system is used (OPTI-RANGE). With this
feature, you need only set a single range control for an
on-scale indication. A second control is provided for situ
ations where the automatic system may not be suitable,
as with some measurements of transient signals.

The unusual meter scale also enhances the ease of
operation. The meter spans a full 20-dB range, is grad
uated linearly over the entire range, and displays the

. attenuator setting on the meter face. These features re
duce the number of range changes necessary and aid in
rapid, error-free interpretation of the readings.

An expandable sound labora
tory Often it is desirable to
record field measurements for
further analysis later in the
laboratory. With the 1933 and
its companion recorder, the
1935, it is easy to make accu
rate recordings of such meas
urements. In addition to an ac
signal output to drive one
channel of the recorder, the
1933 also provides a level
range-code signal that is stored
on a second channel of the re
corder. On playback, the level
range setting used for the
sound-level meter is indicated
by a digital display on the
panel of the tape recorder.
Thus, the tape stores both data
and absolute level information.

A dc output, proportional to
the meter deflection (linear in
dB), is provided to drive a low
cost dc recorder for hard-copy
records of the level vs time.
This output has a dynamic
range of 40 dB plus an addi
tional 20-dB crest-factor allow
ance.

Other features The microphones fit atop a telescop
ing 12-inch extension to reduce the effects of the instru
ment and operator on the sound field. There is rarely
a need for extension cables and tripod. If these are
necessary, however, a 50-foot cable and tripod are
available. A lO-foot cable is supplied as standard
equipment. Measurements are unaffected by the cables
because the preamplifier in the 1933 is detachable and
connects to the cable at the microphone end, to prevent
signalloss.

A complete line of electret-condenser and ceramic
microphones can be used with the 1933. Most users
will want at least two: The one-half-inch random-inci
dence microphone, supplied, for smooth high-frequency
response and nearly ideal directional characteristics,
and the one-inch random-incidence microphone for'
measurements of very low sound levels. To simplify
changing from one microphone to the other, two sensi-
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tivity presets are provided in the 1933. You can use
two microphones alternately, in a series of measure
ments, without recalibration; merely turn the sensitivity
switch to the position corresponding to the microphone
being used.

For field or lab use The 1933 operates for up to 20
hours on self-contained batteries. A companion instru
ment, the 1940 Power Supply and Charger, allows the
analyzer to be operated from the ac line and provides
rechargeable batteries and a charging circuit.

Several versions to choose from Four versions of the
basic instrument are offered, the difference among them
being the number and types of microphones supplied.
Versions with flat perpendicular-incidence response mi
crophones are offered for the convenience of customers
in those countries (particularly in Europe) where it has
become customary to measure with this type of micro
phone. It should be noted that all versions offered com
ply with IEC 179.

GR 1562 Sound-Level Calibrator is available for simple test
of over-all calibration, including microphones.
Environment: TEMPERATURE: -10 to +50°C operating, -40
to +60°C storage with batteries removed. HUMIDITY: 0 to
90% RH. VIBRATION AND MICROPHONICS: Conform to ap
plicable ANSI and IEC standards.
Supplied: Microphone attenuator, tool kit, 10-ft microphone
extension cable, batteries.
Available: 1940 Power Supply and Charger, electret-condenser
microphones, ceramic microphone cartridge and adaptor,
earphone, tripod, cables, and windscreens.
Power: 4 alkaline energizer C cells supplied provide = 20-h
operation; 1940 Power Supply and Charger allows line opera
tion of 1933 and includes rechargeable batteries and charg
ing source. Battery check provided on 1933.
Mechanical: Small, rugged, hand-held case with standard
0.25-20-in. threaded hole for tripod mounting. DIMENSIONS
(wxhxd): 6.25x9x3 in. (159x229x76 mm). WEIGHT: 5.5 Ib
(2.5 kg) net, 10 Ib (4.6 kg) shipping.

SPECIFICATIONS
Standards: Specifications meet ANSI Sl.4-1971 for Type 1
(precision) Sound-Level Meters; IEC 179-1965 for Precision
Sound-Level Meters; IEC 123-1961 for Sound-Level Meters;
ANSI S1.11-1966 for Octave, Half-Octave, and Third-Octave
Band Type 0 Class II Filter Sets; IEC 225-1966 for Octave,
Half-Octave, and Third-Octave Band Filters for the Analysis of
Sound and Vibrations; and Proposed IEC 179 amendment for
impulse measurement.
Sound Level: 10 to 130 dB re 20 /LN/m' with I-in. micro
phone, 30 to 140 dB with Ih-in. microphone, direct reading.
Frequency: 5 Hz to 100 kHz, essentially flat response. AN
ALYSIS: 10 octave bands with center frequencies from 31.5
Hz to 16 kHz. WEIGHTING: A, B, and C.

Display: METER: 20-dB scale linearly marked in dB and
lower, center, and upper values automatically indicated on
scale. RESPONSE: Fast, slow, absolute peak, and impulse
(per IEC 179 amendment), pushbutton selected. Precise rms
detection for signals with ~ 20-dB crest factor at full scale,
crest-factor capacity greater below full scale. OVERLOAD:
Signal peaks monitored at 2 critical points to provide positive
panel-lamp warning. RANGING: Automatic system (OPTI
RANGE) maximizes analyzing range and signal-to-noise ratio
for each level range-control setting; manual control provides
override. Increment between ranges, 10 dB.
Filters: WEIGHTING: A, B, C, and flat; pushbutton selected.
OCTAVE BANDS: 10, manually selected, with 3.5 ±l-dB at
tenuation at nominal cutoff, > 18-dB attenuation at V2 and
2X center frequency, > 70-dB ultimate attenuation. EXTER
NAL FILTERS can be substituted for internal weighting net
works and octave-band filters; connect to 2 miniature phone
jacks.

Input: Y2-in. or I-in. electret-condenser microphone with flat
random-incidence response; mounted with detachable pre
amplifier on 12-in. extendible mast, or on 10-ft. extension
cable supplied, or on 60-ft. cable available. Input can also
be from tape recorder. INPUT IMPEDANCE: 1 Gn#"< 3 pF.
Output: SIGNAL OUTPUT: 0.5 V rms behind 600 n corre
sponding to full-scale meter deflection, any load permissible.
RANGE CODE: Contact closures provide sound-level-meter
range information to 1935 Cassette Data Recorder. DE
TECTED OUTPUT: 4.5 V de behind 4.5 kn corresponding to
full-scale meter deflection, output is linear in dB at 0.1 V/ dB
over 60-dB range (40-dB normal range plus 20-dB crest
factor allowance), any load permissible.
Calibration: FACTORY: Fully tested and calibrated to all spec
ifications; acoustical response and sensitivity are measured
in a free field by comparison with a Western Electric 640AA
laboratory standard microphone whose calibration is trace
able to the U.S. National Bureau of Standards. ON-SITE:
Built-in calibrator provides quick test of electrical circuits;

Description

1933 Precision Sound-level Meter and Analyzer
(Conforms to IEC 179 and ANSI S1.4-1971, Type 1.)

With ¥2-in. and I-in. flat random-incidence
response Electret-Condenser Microphones

With ¥2-in. flat random-incidence response
Electret-Condenser Microphone only

1933 Precision Sound-level Meter and Analyzer
(Conforms to IEC 179; recommended for Europe.)

With ¥2-in. and I-in. flat perpendicular-
incidence response Electret-Condenser
Microphones

With ¥2-in. flat perpendicular-incidence response
Electret-Condenser Micrfll)hone only

Accessories Available
Electret-Condenser Microphones

Flat random-incidence response, I-in.
Flat perpendicular-incidence response, I-in.
Flat random-incidence response, ¥2·in.
Flat perpendicular-incidence response, ¥2-in.
Flat perpendicular-incidence response, ¥4-in.

Ceramic Microphone Cartridge and Adaptor, I-in.
Earphone
Tripod
Cables

Microphone extension cable, 60 ft.
Miniature phone plug to 1933 microphone mast
Miniature phone plug to double banana plug
Miniature phone plug to standard phone plug
Miniature phone plug to BNC

Windscreens, reduce wind noise, protect
For I-in. microphone, set of 4
For ¥2-in. microphone, set of 4
1562-A Sound-Level Calibrator
Battery, spare for 1933, uses 4

Cassette Data Recorder
Power Supply and Charger

Catalog
Number

1933-9700

1933-9701

1933-9702

1933-9703

1961-9601
1961-9602
1962-9601
1962-9602
1963-9602
1560-9570
1935-9601
1560·9590

1933·9601
1933·9602
1560-9677
1560-9678
1560·9679

1560·9521
1560-9522
1562-9701
8410-1500
1935-9700
1940-9701
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1935 Cassette Data Recorder
One of the smallest and most capable
data recorders available today.

• excellent companion instrument for the 1933
Precision Sound-Level Meter and Analyzer

• cassette convenience and operating simplicity

• virtually mistake-proof operation with peak
monitor for each channel

• record of sound-level-meter attenuator setting

INewI

cision Sound-Level Meter and Analyzer or manually by switch
on recorder. Voice-note input has 100-kn input impedance
and automatic level control.
Frequency Response: ±2 dB from 50 Hz to 12 kHz using
GR-supplied cassettes. PLAYBACK EQUALIZATION: NAB
(l'l's in,f s). FLUTTER AND WOW: 0.3% rms as tested in
accordance with NAB Standard (April 1965). MAXIMUM
SIGNAL TO NOISE RATIO: 50 dB as measured in accordance
with NAB standard (range from 2% distortion to A-weighted
noise level).
Output (each channel): 0.5 V behind 600 n corresponds to
normal maximum record level (which allows lO-dB crest
factor capacity). Any load can be connected.
Peak Monitors: Both channels include peak detectors that
monitor peaks of both polarities and display on panel meters.
Tape Position Counter: Built-in mechanical counter provides
index number for relocating tape position.
Supplied: Head demagnetizer, head cleaning kit, intercon
necting cables to 1933 Precision Sound-Level Meter and An
alyzer, earphone, microphone for voice notes, cassettes, and
batteries.
Power: 5 size-C energizers, supplied, provide about 10 hours'
operation. 1940 Power Supply and Charger allows line op
eration of 1935 and recharges suitable batteries (included
with power supply). The regular cells are Eveready E93 or
equivalent; the rechargeable cells, Gould National Nicad
Type 2.0 SCB, with. insulating jacket.
Mechanical: DIMENSIONS (wxhxd): 6.5x10.87x3.56 in. (l65x
276x90 mm). WEIGHT: 7 Ib (3.2 kg) net.

Supplied: 5 rechargeable nickel-cadmium C cells to replace
non-rechargeable batteries in 1933 or 1935.
Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 11 W.
Mechanical: DIMENSIONS (wxhxd): 4.38x4.25x9.44 in. (ll1x
108x240 mm). WEIGHT: 3.5 Ib (1.5 kg) net, 5 Ib (2.3 kg)
shipping.

Cassette simplicity The 1935 is a two-channel, two
track magnetic tape recorder with a Philips Cassette
format. In use with the 1933 Precision Sound-Level
Meter and Analyzer, the 1935 normally records the sig
nal on one channel while on the other it records the set
ting of the sound-level-meter range control. Thus the
signal and range information given on play-back are
identical to those available from the sound-level meter
at the time of the original recording. Voice notes can
also be recorded by interrupting the range code.

Although intended primarily for use with the 1933,
the recorder can also be used with any instrument that
provides an output of 0.5 to 2 V rms. In this case, the
range information is entered manually. If desired, the
second channel can record an entirely separate signal,
such as the output from a second sound-level meter (in
lieu of the range data). Each channel includes a panel
monitor that displays the absolute peak level, regardless
of polarity, so that recordings are virtually fool-proof.

Included with the 1935 are all necessary accessories
- tape, microphone for voice notes, tape-head mainte
nance set, and interconnecting cables to the 1933.

SPECIFICATIONS
Recording Format: 0.150-in.-wide tape cassette (Coplanar
Type CPII), two-channel, two-track.
Normal Recording Duration: 30 minutes using C60 tape.
TAPE SPEEDS: HIs in,f s ±2%, electronically controlled; and
1%2 in,f s.
Inputs: Input impedance at signal input, each channel, 100
kn. Signal level corresponding to normal maximum record
level is adjustable from 0.5 to 2 V rms. RANGE CODE AND
VOICE NOTES: Second channel normally records range code
or voice notes simultaneously with data from a sound-level
meter. Range code is provided automatically by 1933 Pre-

1940 Power Supply and Charger
Valuable companion The 1940 allows either the 1933

Precision Sound-Level Meter and Analyzer or the 1935
Cassette Data Recorder to be operated from an ac line,
independent of their internal batteries. It is supplied
with five rechargeable cells (to replace the ordinary C
cells supplied in the analyzer or recorder) and a bat
tery charger. There are no internal connections to
make; the instruments simply plug into the 1940 and
are supported at a convenient angle for bench-top op
eration.

SPECIFICATIONS
Power Source: 5 V for line operation of 1933, 6.5 V for line
operation of 1935; 250 mA max.
Charging Source: 200 mA max for charging batteries in 1933
or 1935; automatically reduces to = 30-mA trickle charge
when batteries are charged. Charging time = 16 h.

Description

Cassette Data Recorder
Cassette, 30-minute
Power Supply and Charger
Replacement Batteries

Regular (5 req'd)
Rechargeable, set of 5 cells

Description

1940 Power Supply and Charger

Catalog
Number

1935-9700
1935·9603
1940-9701

8410·1500
1940·9500

INew I

Catalog
Number

1940·9701
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dence response electret-condenser microphones. It con
forms to IEC 179 and is recommended for European
countries. Catalog Number 1933-9715.
Carrying Case (Small) The carrying case for the 1933
9714 and 9715 systems is supplied with each system
but can be ordered separately. Catalog Number 1933
9603.

Sound-Analysis Systems
The sound analysis systems shown here contain the

1933 Precision Sound-Level Meter and Analyzer and its
most commonly used accessories. The carrying cases
and accessories are also available separately for those
who wish to tailor a set specJically suited to their needs.

1933-9712 Sound-Analysi:> System This system con
tains the following instrump.nts and accessories:
• 1933-9700 Precision Sound-Level Meter and Analyzer

with Y2-inch and I-inch flat random-incidence-re
sponse electret-condenser microphones. It con
forms to ANSI S1.4-1971 Type 1 and IEC 179.

• 1935-9700 Cassette Data Recorder with interconnect
ing cables to the 1933, microphone for voice notes,
cassette tapes, earphone, head maintenance and
tool kits.

• 1560-9609 Dummy microphone, 112-inch
• 1560-9522 Y2-inch windscreen (1 windscreen only)
• 1560-9521 I-inch windscreen (l windscreen only)
• 1562-9701 Sound-Level Calibrator with adaptors and

carrying case
• 1933-9604 Carrying Case (Large)
• 1933-9601 Microphone extension cable, 60 ft.
• 1560-9590 Tripod
Order by Catalog Number 1933-9712.

1933-9713 Sound-Analysis System This system contains
the instruments and accessories noted in the 1933-9712
except for the following substitution of microphones:
Y2-inch and I-inch flat perpendicular-incidence response
electret-condenser microphones. It conforms to IEC 179
and is recommended for European countries. Catalog
Number 1933-9713.

1933-9710 Sound Analysis System This system contains
the same instruments and accessories as the 1933
9712 less the 1935-9700 Cassette Data Recorder. A
1935-9601 Earphone has been added. Storage space is
provided to add the 1935 at a later date. Catalog Num
ber 1933-9710.

1933-9711 Sound-Analysis System This system contains
the instruments and accessories noted in the 1933-9710
except for the following substitution of microphones:
lh-inch and I-inch flat perpendicular-incidence response
electret-condenser microphones. It conforms to IEC 179
and is recommended for European countries. Catalog
Number 1933-9711.

Carrying Case (large) The systpm carrying case for the
1933-9713, -9712, -9711 and -9710 systems is supplied
with each system but can be ordered separately. Catalog
Number 1933-9604.

1933-9714 Sound-Analysis System This system con
tains the following instruments and accessories:
• 1933-9700 Precision Sound-Level Meter and Analyzer

with Y2-inch and I-inch flat random-incidence re
sponse electret-condenser microphones. It con
forms to ANSI S1.4-1971· Type 1 and IEC 179.

• 1560-9609 Dummy microphone
• 1560-9522 1l2-in. windscreen (1 windscreen only)
• 1560-9521 I-in. windscreen (1 windscreen only)
• 1935-9601 Earphone
• 1562-A Sound-Level Calibrator with adaptors (no carry-

ing case)
• 1933-9603 Carrying Case (Small)
Order by Catalog Number 1933-9714.

1933-9715 Sound-Analysis System This system con
tains the instruments and accessories noted in the
1933-9714 except for the following substitution of mi
crophones: Y2-inch and I-inch flat perpendicular-inci-

INewI

1933-9712 Top compartment

1933-9712 Bottom compartment

1933-9714
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1521-8 Graphic Level Recorder
• 7 Hz to 200 kHz

• 1-mV ae sensitivity - O.S-mA de

• linear dB plot of rms ac-voltage level

• 20·, 40-, or 80-dB range

• eonvenie~t, disposable pens

Stands alone This recorder produces a permanent, re
producible strip-chart record of ac-voltage level as a
function of time or of some other quantity. Record, for ex
ample, the frequency response of a device or the fre
quency spectrum of noise orof a complex electrical signal.

The wide range of paper speed facilitates long-period
studies (such as traffic-noise) as well as short-duration
transient measurements (such as auditorium-reverbera
tion). Writing speeds and low-frequency cutoff are
selected by a single switch. The frequency response can
be extended downward to 4.5 Hz with the slower writing
speeds, which filter out abrupt level variations. You get
a smoothed plot without loss of accuracy.

The 1521 is a solid-state, single-channel, servo-type
recorder with interchangeable logarithmic potentiom
eters, of 20-, 40-, and 80-dB ranges, and a linear poten-

tiometer for dc recording. The 1521 can be calibrated
and relied upon for recording absolute levels as well as
changes.

Or in combination This graphic level recorder can be
mechanically or electrically coupled to various GR ana
lyzers and oscillators to synchronize the frequency scale
of the chart paper with the instrument's calibrated tuning
control dial. With a sound-level meter, the recorder can
plot sound levels over a wide dynamic range as a function
of time; the writing speed is sufficiently high for the
measurement of reverberation time and other transient
phenomena.

Combinations are available already assembled; some
examples appear in this catalog; inquiries are invited. Of
particular importance are recording instrument combina
tions that meet the requirements of MIL Standard 740B.

SPECIFICATIONS
AC Recording: RANGE: 40 dB full-scale with the potentiometer
supplied, 20- and 80-dB potentiometers available for ac level
recording. liNEARITY: ±(l% of full-scale dB value plus a
frequency error of 0.5 dB at 100 kHz and 1.5 dB at 200 kHz).
Frequency Response and Writing Speed, for AC Level Record
ing: High-frequency response ±2 dB, up to 200 kHz. Low
frequency sine-wave response depends on writing speed, as
shown in following table: (With the 80-dB pot, writing speed
< 300 dB! s, i.e., 15 in.! s.)

Dc Recording: RANGE: 0.8 to 1 V (0.8 to 1.0 mAl full-scale.
with zero position adjustable over full scale. RESPONSE: 3
dB down at 8 Hz (pk-pk amplitude < 25% of full scale). liN
EARITY: ±1% of full scale.
Resolution: ±0.25% of full scale.
Input: AC LEVEL RECORDING: Sensitivity is 1 mV (at 0 dB)
into 10 kn, attenuator has 60-dB range in lO-dB steps, max
limit is 100 V rms. DETECTOR RESPONSE: True rms, within
0.25 dB for multiple sine waves, square waves, or noise. De
tector operating level is 1 V. DC RECORDING: Sensitivity is
0.8 or 1 V full scale, into 1 kn.
External Dc Reference: An external dc reference voltage of
0.5 to 1.5 V can be applied internally to correct for variations
of up to 3 to 1 in the signal source of the system under test.
Paper Speeds
HIGH-SPEED MOTOR: Paper speeds of 2.5, 7.5, 25, 75 in.!
min. Used for high-speed-transient measurements.

Writing Speed (approx),
with O.l-in. overshoot

*Other potentiometers and combinations for both 60-Hz and 50-Hz
models available: inquiries invited.

Catalog
Number

1521-9802
1521-9812
1521-9506
1521-9507

1521-9817
1521-9818

1521-9833
1521-9834

Description

MEDIUM-SPEED MOTOR: Paper speeds of 0.5, 1.5, 5, 15
in.! min. Used with analyzers and in level-vs-time plots.
LOW-SPEED MOTOR: Paper speeds of 2.5, 7.5, 25, 75 in.! h.
Used for measurements from 1 hour to > 2 weeks.
Chart Paper: 4-in. recording width on 5-in. paper, 100 feet
long. See separate listing of accessories.
Supplied: 40-dB potentiometer, 12 disposable pens with as
sorted ink colors, 1 roll of 1521-9428 chart paper, power cord,
1560-P95 Adaptor Cable (phone to double plug).
Available: Potentiometers, chart paper, pens, high-, medium-,
and low-speed motors, drive and link units.
Power: 105 to 125 or 210 to 250 V, 50 or 60 Hz, 35 W.
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x9x13.5 in. (483x229x343 mm); rack, 19x8.75x
11.25 in. (483x222x286 mm). WEIGHT: 50 Ib (23 kg) net,
62 Ib (29 kg) shipping.

Graphic Level Recorder, 40-dB potentiometer,
high-speed motor

1521-B 60-Hz Bench Model
1521-B 60-Hz Rack Model
1521-BQl 50-Hz Bench Model
1521-BQl 50-Hz Rack Model

Graphic Level Recorder, 40-dB potentiometer,
medium-speed motor

1521-B 60-Hz Bench Model
1521-B 60-Hz Rack Model

Graphic Level Recorder, 40-dB potentiometer,
low-speed motor*

1521-B 60-Hz Bench Model
1521-B 60-Hz Rack Model

Low-Frequency Cutoff
« 1 dB down)

100 Hz
20 Hz

7 (3 dB down at 4.5 Hz)
7 (3 dB down at 4.5 Hz)

508 mmls
254

76
25

20 in./s
10

3
1
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Graphic Level Recorder Accessories

Drive and Link Units for Coupling to Generator and Analyzers

Catalog
Number

1521·PI0B Drive Unit

Provides mechanical-drive output from
1521-8 to operate any link unit.

1521·P15 Link Unit

For mechanical coupling to 1564 or 1568
analyzers. Fitt.ed with 24-tooth sprocket. In
cludes chain.

1521-P16 Sprocket Kit, contains 5 sizes of
interchangeable sprockets for 1521-PI5: 40,
36, 32, 20, and 16 teeth. Provides choice of
scale factor in proportion to that with normal
24-tooth sprocket. Includes chain.

Industry Scale Factors

1521-9467

1521.9615

Decade
Scale Factor Length (Inches) Sprocket Pot

Industry Standard (dBI decade) for 1304 Generator (teeth) (dB)

Institute of High Fidelity Manufacturers 20 2.0 16 40
Proposed International Standard 25 2.5 20 40
Electronic Industries Association 30 3.0* 24 40
Institute of High Fidelity Manufacturers 20 4.0 32 20
Hearing Aid Industry 45 4.5 36 40
Proposed International Standard 50 5.0 40 40
Proposed International Standard 50 5.0** 16 40

* Chart paper available for 1304-B Beat-Frequency Audio Generator.
** Decade length applies to 1564-A Sound and Vibration Analyzer: chart paper available.

1521-9616

1900·Pl Link Unit

For coupling to 1900-A Wave Analyzer. Use
with chart paper 1521-9464 for scale of 10
kHz per 20 in. and with 1521-9465 for scale
of 50 kHz per 10 in. Chain included.

1900-P3 Link Unit

For coupling to 1900-A Wave Analyzer. Use
with chart paper 1521-9464 for scale factors
of 10 kHz per 20 in. or expanded 1 kHz per
20 in.

50 GRAPHIC RECORDERS
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Graphic Level Recorder Accessories (cont'd)

Chart Papers,
Dimensions: 5 in. wide x 100 ft long; recording width, 4 in. (127 mm x 30.5 m; 102 mm).

Chart
L h CII Calibration engt In.

Vertical Catalog
Associated Instrument Horizontal (Div) Cal. Blank Number

1304-B Generator 20 Hz to 20 kHz, log I 80' il 8~ 7'h 1521·9470·

1350-A Generator·Recorder Assembly 20 Hz to 20 kHz, log I 80 8Va 7Y2 1521-9470·

1900-A Analyzer with
1900-Pl Or 1900-P3 Unk Units 0-1 or 0-10 kHz, linear 40 20 0 1521·9464

1900-A Analyzer with 1900-Pl Unk Unit 0-50 kHz, linear 40 16 0 1521-9465

1564-A Analyzer with 1521·P15 Unk Unit and
24-tooth sprocket 2.5-25 normalized, log 40 7Y2 lY2 1521·9493

1564-A Analyzer with 1521·P15 Link Unit and
16-tooth sprocket (or with 1564-Pl Dial Drive
continuous mode) , 2.5-25 normalized, log 40 5 1 1521-9469

1564-A Analyzer with Third-octave bands
1564-Pl Dial Drive (stepped mode) 3.15 Hz-25 kHz I 40 10 0 1521-9460

1568-A Analyzer with 1521·P15 Unk Unit 2-20 normalized, log I 40· 10 2 1521-9475

General use Continuous 'A-in. div. 40 Continuous 0 1521-9428

* Use with 40-dB potentiometer; has 50-dB per decade scale factor required by many testing standards, partiCUlarly the ANSI S3.8-1967,
"Method of Expressing Hearing Aid Performance."

Potentiometers

1521-Pl 2<klB Potentiometer 0
1521-P2 4<klB Potentiometer·· 0
1521.P3 8<klB Potentiometer 0
1521·P4 Linear Potentiometer (for dc)

** Normally supplied with the recorder

1521-9601
1521-9602
1521-9603
1521-9604

Optional Motors t Chart. Speeds

High-Speed Motors Used for high-speed-transient measure
ments and with 1304 Beat·Frequency Audio Generator. Not for
use with 1900-A, 1564-A, and 1568 analyzers.

1521-P19 (for 60-Hz supply)
normally suppl ied in recordert

1521-P21B (for 50-Hz supply)
2.5-75 in./min
2.5-75 in./min

1521-9619
1521·9921

Medium-Speed Motors Used with analyzers and in level-
vs-time plots; must be used with 1564-Pl Dial Drive.

1521-P23 (for 60-Hz supply)
1521-P24 (for 50-Hz supply)

0.5-15 in./min
0.5-15 in./ min

1521-9623
1521-9624

Low-Speed Motors Used for level-vs-time measurements
1-24 hours.

1521-P20B (for 60-Hz supply)
1521·P22B (for 50-Hz supply)

2.5-75 in./ h
2.5-75 in./ h

1521-9513
1521-9514

t Recorder can be supplied with low- or medium-speed motor installed, at same price as with standard motor.

fastrak® Pen Sets and Conversion Kit
The pen used in the 1521-B recorder combines ink reservoir

and writing point in a single disposable unit, eliminates refilling.
Each cartridge has about twice the life of one old-style pen
refill and can outlast three rolls of chart paper The pen consists
of a sealed plastic cartridge with a fiber plastic point that re
quires only about 2 grams of force to operate properly.

The pens are available with red, green, and blue ink and are
supplied in sets of twelve pens. A set of assorted colors is in
cluded with the recorder and with the conversion kit.

For converting older 1521·A and 1521-B recorders to use the
improved pen, a kit is available that contains a pen holder, set
of 12 assorted-color pens, and conversion instructions.

fastrak@ Marker Set, Red 0
fastrak@ Marker Set, Green
fastrak@ Marker Set, Blue
fastrak@ Marker Set, Assorted Colors
fastrak@ Recorder Marker Conversion Kit

1521-9446
1521-9447
1521-9448
1521-9449
1521-9439

o Federal stock numbers are listed before the Index.
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1523 Graphic Level Recorder

.,

New Since
CatalogU

Automatic measurements- simply and graphically The
1523 is not just another recorder; it is a measurement
center. It incorporates the latest refinements of the re
corder field with those of the sweep-oscillator and sound
analyzer fields and does so in one instrument that elim
inates the usual bother of trying to keep everything syn
chronized. Simply connect your signal or device, set up
the desired measurement conditions, and push a button
- the 1523 does the rest, automatically and without
constant attention or control manipulation.

52 GRAPHIC RECORDER/SWEEPER/ANALYZER

Precise 1/3-octave-band analysis for
• product-noise reduction
• plant- and field-noise studies
• materials testing

Insert the 1523-P3 Stepped 1/3-0ctave-Band Analyzer
plug-in and your recorder becomes a 1/3-octave-band
analyzer with a frequency range of 1 Hz to 80 kHz (ANSI
standard bands 0 through 49.) You can perform analysis
on selected portions within the full range, and you can
switch in an all-pass channel to display the over-all level

GENERAL RADIO 1973 CATALOG



at the start of a record. You can also select anyone of 11
automatic programs to provide recordings with constant
averaging times or, as a unique feature, to provide anal
yses with statistical confidences of up to 90% to within
±0.5 dB. You can record measurements singly on a new
chart, successively on a single chart for comparison, or
successively on new charts, simply by the turn of a single
knob.

Simple response measurements for
• fiiter and network response testing
• loudspeaker, amplifier, and tape-recorder evaluation
• performance tests for microphones, hydrophones,

and hearing aids
• general medical and educational applications

With the 1523-P2 Sweep Oscillator plug-in, which in
corporates a sweep oscillator, your recorder produces
frequency-response recordings at the push of a button.
You can set the oscillator to sweep the full I-Hz to 500
kHz range, or various portions of it, at output levels con
tinuously adjustable from 500 /LV to 5 V behind 600 n.
A unique and versatile constant-Q mode of operation can
be selected to speed the recording in many applications
by increasing the sweep rate automatically as the fre
quency increases. Under many conditions, recordings
can be made in the constant-Q mode in Yz to Y3 the time
normally required.

The accuracy and stability of the generator, plus the
resolution of the recorder and the variety of chart speeds
and averaging-time programs, permit precise response
measurements of almost any device - performed with
the ease and economy of a single .instrument rather than
with the clutter and confusion of two.

Versatile level recording for
• reverberation-time measurements
• general level-recording applications

Select the 1523-Pl Preamplifier plug-in for the best in
general recorder performance. The 1523-Pl gives you
a broad frequency coverage from 1 Hz to 500 kHz, a
sensitivity of 100 /LV, and 18 chart speeds from as slow
as 20 hours per inch to as fast as half a second per inch.
Continuously adjustable attenuation from 0 to 70 dB
provides the utmost in recording resolution, and a choice
of nine averaging times from 10 ms to 5 s allows supreme
flexibility.

Conveniences standard All plug-ins feature remote
programmability, a variety of inputs and outputs to syn
chronize recorder operation with that of other instru
ments, and a choice of several potentiometers with dy
namic ranges from 10 dB to 100 dB to tailor the instru
ment to your specific requirement.

For convenience, a chart take-up reel is included but
the paper also can be fed out directly for immediate in-
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spection and use. For interpretation, an event marker
can be recorded by the simple push of a button at the
desired time. For reliability, a stepper motor drives the
chart (there are no gears or clutches to wear out, slip, or
jam), and clog-free disposable pens eliminate messy re
filling and provide clear, easily read, and skip-free traces
even at the fastest writing speeds. You have a choice of
colors and a choice of marker types: the fastrak® Marker
for general purposes and the Slow-Speed Marker for par
ticularly slow-moving records or those with much re
tracing over a part of the chart. GO/NO-GO limit adjust
ments are included to provide LO, GO, and HI electrical
outputs for external alarm or control applications.

SPECIFICATIONS

with 1523-Pl Preamplifier Plug-in

for level-vs-time recordings

• frequencies to 500 kHz • 100-/LV sensitivity

• up to 100-dB dynamic range
• 1-Mn input impedance • 18 chart speeds

Input: Chart O-Ievel can be 0 dB (l00 /LV) to 70 dB; set in 10
dB steps plus a continuous vernier. See Maximum Input
Sensitivity under 1523 Mainframe Specifications. MAXIMUM
INPUT: ± 10 V pk ac to 250 kHz, ± 5 V pk ac to 500 kHz, re
dc component of ± 350 V max. IMPEDANCE: 1 Mo#'30 pF at
plug-in; 3.35 ko ± 1% direct to potentiometer via internal
switch. CONNECTORS: Front and rear BNC and rear 3-pin A3
mike connector that also provides power for 1560-P40 or -P42
Preamplifier.
Input Frequency: 1 Hz to 500 kHz; flat within ±0.1 dB to
100 kHz, within ±2 dB to 500 kHz except O-dB range down
< 3 dB at 100 kHz. Low-frequency and crest-factor cutoffs de
pend on averaging times (see below).

Recording: CHART SPEED: 0.5 sl in. to 20 hI in., in 18 ranges
of 0.5, 1, 2, 5, 10, and 20 h, min, or sl in., plus fast scan of
2 in.1 s and slow scan of 2 in.1 min.; all synchronized to line
frequency. AVERAGING TIMES: 10 nis to 5 s in 9 ranges, all
remotely programmable. Sinusoidal low-frequency cutoff « 1
dB down) and fundamental cutoff for 20-dB crest factor de
pend on averaging times as follows:

Low-Frequency Cutoff Low-Frequency Cutoff
Avg Full Crest Avg Full Crest

Time Sinusoidal Factor Time Sinusoidal Factor

10 ms 400 Hz 1 kHz 500 ms 2 Hz 8 Hz
20ms 100 Hz 500 Hz Is 1 Hz 3.5 Hz
50 ms 20 Hz 120 Hz 2s <1 Hz 1.6 Hz

100 ms 10 Hz 35 Hz 5s < 1 Hz 1 Hz
200 ms 5 Hz 16 Hz
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with 1523-P2 Sweep Oscillator Plug-in

contains sweep generator for level-vs-frequency recordings

• frequencies to 500 kHz • 100-tLV sensitivity

• up to 100-dB dynamic range • 1-Mn input impedance

Input: Chart O-Ievel can be 0 dB (l00 tLV) to 70 dB; set in 10
dB steps. See also Maximum Input Sensitivity under 1523
Mainframe Specifications. MAXIMUM INPUT: ± 10 V pk ac to
500 kHz, re dc component of ± 40 V max. IMPEDANCE:
1 MI1#'30 pF at plug-in; 3.35 kn ± 1% direct to potentiometer
via internal switch. CONNECTORS: Front and rear BNC and
rear 3-pin A3 mike connector that also provides power for
1560-P40 or -P42 Preamplifier_

Input Frequency: 1 Hz to 500 kHz; flat within ±0.1 dB to 100
kHz, within ±2 dB to 500 kHz, except on O-dB range, down
< 3 dB at 100 kHz. Averaging times programmed automati
cally to avoid low-frequency cutoff; program can be inhibited
by external input.

Recording: CHART SPEED: Automatically set by sweep time
(see below) and decade length. Decade length can be set for
2,2.5,3,4, 5, or 10 in.! decade.

Sweep Frequency: 1 Hz to 500 kHz; automatically from lower
to upper frequency. Lower frequency can be set to 1, 2, 5, 10,
20, 50, 100, or 200 Hz, 1, 10, or 100 kHz; upper frequency
can be set to 10 or 100 Hz, 1, 2, 5, 10, 50, 100, 200, or 500
kHz. ACCURACY: ±1.% of indicated frequency. STABILITY:
±0.05% over 10 min, ±0.25% over 24 h; after 30-min warm
up. SWEEP TIME: 5 s to 200 ks/decade in 5, 10, 20 se
quence; or manual sweep. Averaging time decreases with
frequency as follows: 2 s from 1 to 10 Hz, 200 ms from 10
to 100 Hz, 50 ms from 100 Hz to 100 kHz, and 20 ms from
100 to 500 kHz. SWEEP RESOLUTION: 3000 discrete log
arithmically scaled steps per decade (0.08% step). SWEEP
VOLTAGE: Dc output proportional to log of swept frequency
available at rear connector.

Sweep Amplitude: 500 p.V to 5 V rms into open circuit behind
600 n. > 10 mW into 600 n, available at front BNC connector;
set in four decade ranges of 5 mV to 5 V full-scale open-circuit
plus continuous vernier; flat within ±0.1 dB to 100 kHz, within
±1 dB to 500 kHz. DISTORTION: < 0.2% from 1 Hz to 100
kHz with any linear load. HUM: < 0.03%. SPURIOUS (dis
crete non-harmonic): -55 dB. NOISE: > 60 dB below carrier
in 100-kHz bandwidth.
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with 1523-P3 Stepped 1/3-0ctave-Band Analyzer Plug-in

contains 1/3-octave-band filters for spectrum recording

• 1 Hz to 80 kHz • Fifty 1/3-octave bands

• 100-tLV sensitivity • 1-Mn input impedance

• averaging times varied automatically for fast constant
confidence results

Input: Chart O-Ievel can be 0 dB (l00 tLV) to 70 dB; set in
10-dB steps plus a continuous vernier. MAXIMUM INPUT:
± 10 V pk ac to 100 kHz, re dc component of ± 90 V max.
IMPEDANCE: 1 MnJ.f30 pF at plug-in, 3.35 kn ± 1% direct to
potentiometer via internal switch. CONNECTORS: Front and
rear BNC and rear 3-pin A3 mike connector that also provides
power for 1560-P40 or -P42 Preamplifier.
Input Frequency: 1 Hz to 80 kHz center frequencies; fifty 1/3
octave noise-bandwidth (bands 0 thru 49) 4-pole Butterworth
filters with Class II (moderate attenuation) Type 0 characteris
tics that conform to ANSI S1.11-1966 for sound-level record
ings, switch-selected flat-response (all pass) channel at start
of chart displays over-all level. Also available, with filter char
acteristics conforming to IEC 225, as Type 1523-P31. CEN,
TER-FREQUENCY ACCURACY: ±3%. LEVEL UNIFORMITY:
±1 dB at center frequencies. PASSBAND RIPPLE: 1 dB pk-pk
max. NOISE: Equivalent input noise below 0 dB (re 100 p.V)
for all pass, and bands 0-39, increasing 1 dB/band to below
10 dB in band 49. HARMONIC DISTORTION: < 0.1% for sig
nals of 1 V rms at band centers. STOP-BAND ATIENUATION:
> 60 dB for frequencies of > 8 and < 1/8 times center fre
quency. OUTPUT: Filtered input signal available at rear con
nector. PEAK MONITOR included with panel lamp to indicate
overload.
Input-Frequency SCan: Adjustable; automatically steps from
lower frequency to (but not thru) upper frequency. Lower
center frequency can be set to 1, 2, 10, 20, 100, or 1000 Hz;
upper center frequency can be set to 0.1, 1, 2, 10, 20, or
100 kHz.
Analysis Programs: NO. OF PROGRAMS: 11, designated A, B,
C ... L. VARIETY: Program A provides constant averaging
time per band; others, combinations of the same with a series
of steps of constant confidence (averaging time = propor
tional to one over analysis bandwidth). CONFIDENCE: For
random noise, for 90% confidence, averaging time is adequate
for ±0.5-dB accuracy along the "staircase" labeled ±0.5 dB.
See chart. Similarly, ±1.5 dB, for the staircase so labeled.
Any part of a program above a staircase has greater confi
dence. No program operates below the "sine" staircase on the
left; thus averaging time is always sufficient to keep the de
tector operating above its low-frequency cutoff. AVERAGING
TIME: 5 s for 1-, 1.25-, and 1.6-Hz bands; 5, 2, 1 ... 0.05 s
for higher-freq bands, depending on selected program. Exam
ples: (See chart). Program Buses 5-s avg'g time below 2 Hz,
2-s for 2 Hz and above. Program H uses 5-s avg'g time up to
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BAND CENTER FREQUENCY IN HERTZ

Limits and Event Markers: LIMITS: 3 DTL outputs provide
HI, GO, and LO continuous indications of the recording level
vs 2 adjustable limits. EVENT MARKERS: 2 pens; pushbutton
switch controls one pen to mark selected events on paper;

8 Hz, constant confidence (± 1.5 dB) from 8 through 100 Hz,
and 0.5-s avg'g time from 100 Hz through 100 kHz. Location
of program letter on chart indicates shortest avg'g time for the
program. (Imagine that each arrow, like K, extends to right.)
SEQUENCE: Analyzer steps to a band, dwells for stabilization,
then records the level, at 2 in. / s chart speed. DWELL PE
RIOD: 6 x "averaging time," except at your selected Start
Frequency band of each analysis (and "all-pass") 18 x avg'g
time.

1522-9639

1523-9700
1523-9701

Catalog
Number

1523-9601
1523-9602

1523·9603

1522-9614
1522-9615
1522-9616

1523-9605

1522-9612

1522-9634
1522-9635
1522-9636
1523-9630

1523-9620
1523·9621

1523·9622
1523-9623
1523-9624

1523-9641

1523-9645
1523-9649
1523-9648
1523-9650
1523-9642

1523-9640
1523-9646
1523-9647
1523-9644

Description

* For use only with 60-dB potentiometer.

1523 Graphic Level Recorder,
main frame without plug-in
Bench Model
Rack Model

Select at least 1 of following plug-ins
(Which are easily interchanged, to suit
various applications):
Preamplifier Plug-in, 1523-Pl
Sweep Oscillator Plug-in, 1523-P2
Stepped 1/3-0ctave-Band Analyzer Plug-in,

Conforms to ANSI S1.11-1966, 1523-P3
Stepped 1/3-0ctave-Band Analyzer Plug-in,

conforms to IEC 225, 1523-P31
Select at least 1 of following potentiometers

(Which are easily interchanged, to
suit various requirements):
10-dB Potentiometer
25-dB Potentiometer
50-<1B Potentiometer (normally supplied if no other

is ordered)
60-dB Potentiometer, used only with 1523-P3
100-dB Potentiometer

Accessories available
Event-Marker Sets, 4 black and 4 red pens
Mounting Sheets, 8'12 x 11 in. sheets with adhesive

strips to mount charts for filing in 3-ring
notebooks, 50 sheets per pacl<

fastrak® Marker Sets (general purpose)
Set of 4 RED pens
Set of 4 GREEN pens
Set of 4 BLUE pens

Slow-Speed Marker Sets
Set of 4 RED pens
Set of 4 GREEN pens
Set of 4 BLUE pens

Extender-Board Kit, used for maintenance
Chart Paper, 140-fl rolls of 6.63-in. wide paper with

5-in. vertical chart area of 50 div (except
1523-9644* and -9646* which have 12-cm
vertical chart area of 60 div); include timing
marks for proper synchronization.
FOR 1523-Pl PREAMPLIFIER:
Linear, continuous scale of 0.2 in. per div.
FOR 1523-P2 SWEEP OSCILLATOR:
2 lO-in. decades, starts at 1, ends at 100
3 5-in. decades, starts at I, ends at 1 k
3'13 2.5-in. decades, starts at 1, ends at 2 k
3'13 3-in. decades, starts at 10, ends at 20 k
5% 2.5-in. decades, starts at 1, ends at 500 k
'FOR 1523-P3 STEPPED 1/3-0CTAVE-BAND ANALYZER:
3'13 2.5-in. decades, starts at I, ends at 2 k

*3'13 5-cm decades, starts at 1, ends at 2 k
5 2.5-in. decades, starts at 1, ends a 100 k

*5 5-cm decades, starts at 1, ends at 100 k

external DTL or TIL signal activates either or both pens.
(These markers act more like "rubber stamps" than "pens.")

Interface: All plug-in pushbutton-control functions can be re
motely indicated or controlled; other controls cannot be ex
cept for Chart Speed and Averaging Time controls on -PI
and -P2 and Sweep Time Per Decade on -P2. Levels are stand
ard DTL or TTL, Le., "low" is closure to ground or 0 to +0.5 V;
"high" is +3.5 to +5.0 V. Logic-circuit input and output
connections are available at 2 double 19-pin etched-board
terminals, at rear of main frame, when plug-in is installed.

Supplied: 3-ft BNC-terminated patch cord, 3 rolls of chart
paper, fastrak® Marker Set (4 red, 4 green, 4 blue pens),
Event Marker Set of 4 red and 4 black pens, 3 potentiometer
contacts, 2 paper cap assemblies, 50 chart-mounting sheets,
power cord; double 19-pin etched-board connectors (l or 2)
for external programming (inputs and outputs) with each
plug-in.

Power: 100 to 125 or 200 to 250 V, 50 to 60 Hz; 90 W typical,
160 Wmax.

Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench 19.56x8A4x19.63 in. (?496x214x498 mm); rack, 19x
7x19.69 in. (483x178x500 mm). WEIGHT: Bench, including
plug-in, 63 Ib (29 kg) net, 98 Ib (45 kg) shipping; rack, in
cluding plug-in, 57 Ib (26 kg) net, 92 Ib (42 kg) shipping;
plug-in when shipped separately, 8 Ib (3.7 kg) net, 16 Ib
(8 kg) shipping.
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MAINFRAME SPECIFICATIONS
Dynamic Range: Up to 100 dB, depending on potentiometer.
POTENTIOMETERS: 5 available, all easily interchanged and
all with 5-in. scales except for 60 dB which has 12-cm scale.
10 dB (with ±O.l-dB linearity); 25 dB (±0.15 dB), 50 dB
(±0.25 dB), recommended for general use; 60 dB (±0.3 dB),
for use with 1523-P3 only; and 100 dB (±0.5 dB). MAXIMUM
INPUT SENSITIVITY: 100 p.V rms for averaging times 0.1 s
or greater, 1 mV rms for averaging times < 0.1 s; except for
10-dB pot, max sensitivity 1 mY; minimum averaging time 50
ms. DEAD BAND: ±0.15% of full scale; except ±0.25% with
0.01, 0.02 and 0.05 s averaging times. DETECTION: True
rms, error"; 0.1 dB for 15-dB crest factor, < 0.5 dB for full
20-dB crest factor for frequencies above crest-factor cutoff
frequency. NOISE: Equivalent input noise < 40 p.V rms. RE
TRANSMITIING POTENTIOMETER: Provides dc output volt
age, proportional to ac input, of 0 to lOA V dc (2 V/ in. of pen
deflection) .

Pen Control: Pushbutton switches or external DTL or TIL sig
nals control pen position (up, down, or automatically posi
tioned). Pen status is also indicated by DTL outputs.

Chart Control: Pushbutton switches or external DTL or TIL
ground closures start or stop recording, reset paper to start
of same chart or advance it to start of next chart, and provide
fast forward or reverse. Switch settings are also indicated by
DTL outputs. CHART SPEED (see Chart Speed under indi
vidual plug-in headings): Can be externally .programmed ex
cept with 1523-P3. MOTOR: Stepper motor moves paper in
0.0067-in. increments (0.17 mm) at rates up to 300 incre
ments per second (2 in.! s). Pulses supplied by internal
clock or by external DTL or TIL input at rates of ,.; 300 pps.
Pulses also available as an output to synchronize other re
corders. There is exactly one increment for each pulse.
PHOTOCELL: DTL ground-closure output corresponds to black
marks printed on paper.
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1564-A Sound and
Vibration Analyzer

• 2.5 Hz to 25 kHz

• 2 bandwidths: 1/3- and 1/10-octave

• use direct from microphone or vibration pickup

• ac or portable battery operation

• automatic spectrum plots with 1521 recorder

30-dB attenuation at one-half and twice the selected fre
quency. One-tenth-octave characteristic has at least 40-dB
attenuation at one-half and twice the selected frequency. Ulti
mate attenuation is 70 dB or greater for both characteristics.
For both bandwidths, peak response is uniform ±1 dB from
5 Hz to 10 kHz and ±1.5 dB from 2.5 Hz to 25 kHz. An aI/
pass, or flat, characteristic is also included.
Detector Characteristics: Rms with three averaging times.
Faster two speeds conform with ANSI standard for sound
level meters.
Input: IMPEDANCE: 25 Mn in parallel with 80 pF (independ
ent of attenuator setting). VOLTAGE RANGE: 0.3 mV to 30 V
full scale in lO-dB steps. MICROPHONE: 1560-P6 Micro
phone Assembly or the 1560-P42 or 1560-P40 Preamplifiers
are recommended.
Output: VOLTAGE: At least 1.0 V open circuit, when meter
reads full scale. IMPEDANCE: 6000 n. Any load can be con
nected. METER: Three scales, 0 to 3 V; 0 to 10 V; -6 to
+lOdB.
Recording Analyzer: Automatic range switching at the end of
each frequency decade allows convenient continuous record~

ing of spectra with the 1521-B Graphic Level Recorder. "
Calibration: Built-in, feedback-type calibration system per
mits amplitude calibration at any frequency.
Available: 1560-P6 MICROPHONE ASSEMBLY, 1560-P52,
-P53, -P54 VIBRATION PICKUPS, 1560-P40 and -P42 PRE
AMPLIFIERS (power for preamp available at input connector).
Power: Operates from 105 to 125 or 210 to 230 V, 50-60 Hz,
or from nickel-cadmium battery supplied. Battery provides
25 h of operation when fully charged and requires 14 h for
charging.
Mechanical: Flip-Tilt case and rack mount. DIMENSIONS
(wxhxd): Portable, 10.25x8.13x8 in. (260x206x203 mm);
rack, 19x1O.5x6 in. (482x267x152 mm). WEIGHT: Portable,
15 Ib (7 kg) net, 17 Ib (8 kg) shipping; rack, 16 Ib (8 kg) net,
28 Ib (13 kg) shipping.

The 1564-A Sound and Vibration Analyzer is designed
primarily for measuring the amplitude and frequency of
the components of complex sound and vibration spectra.
Its 1/3-octave (23%) and 1/1O-octave (7%) noise band
widths provide the flexibility needed for analysis of both
the noise and its causes.

Input sources The high input impedance of the an
alyzer permits direct connection of piezoelectric trans
ducers for measuring sound pressures from 44 to 150 dB
re 20p.N I m2 and acceleration from 0.0007 g to 100 g.

The 1560-P42 and 1560-P40 Preamplifiers are avail
able to extend the full scale sensitivity of the analyzer by
20 dB (10:1) and to allow use of the transducer at the
end of a long extension cable. Alternatively, for higher
sensitivity, the analyzer can be driven from a sound-level
meter or vibration meter.

Automatic analysis Automatic range switching is pro
vided so that the 1521-B Graphic Level Recorder can
record automatically the spectrum of a signal under an
alysis. The combination of analyzer and recorder is"
available as the 1911-A Recording Sound and Vibration
Analyzer for continuous spectrum plots. This combina
tion is particularly well suited to measurements in ac
cordance with MIL Standard 740B.

Noise filter The analyzer can be used in conjunction
with the 1390-B, 1381, or 1382 random-noise generators
for transfer and reverberation measurements using 1/3
or 1/10-octave bands of random noise.

Description" The 1564-A consists of a high impedance
amplifier, a continuously tunable filter having a noise
bandwidth of either 1/3 or 1/10 octave, an output am
plifier, and a meter. The center frequency of the filter
is continuously adjustable. An all-pass, or flat, charac
teristic permits measurement of the over-all signal am
plitude.

SPECIFICATIONS
Frequency: RANGE: 2.5 Hz to 25 kHz in four decade ranges.
DIAL CALIBRATION: Logarithmic. ACCURACY OF CALIBRA
TION: ±2% of frequency-dial setting.
Filter Characteristics: Noise bandwidth is either 1{3 octave
or 1/10 octave. One-third-octave Characteristic has at least

~ Federal stock numbers are listed before the Index.
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Description

1564-A Sound and Vibration Analyzer
Portable Model, 115 V ~

Rack Model, 115 V
Portable Model, 230 V
Rack Model, 230 V

Replacement Battery

Patent Number 3,012,197.

Catalog
Number

1564·9701
1564-9820
1564-9702
1564-9821
84104UO

SIGNAL ANALYSIS 57



1568-A Wave Analyzer

• 20 Hz to 20 kHz

• 1% constant-percentage bandwidth

• portable, battery-operated

• 8S-dB rejection

The 1568-A is an important instrument for high-resolu
tion frequency analyses, whether for measuring vibration
and noise components or the spectrum of a complex
electrical signal. Good design combines the excellent

filter shape of a wave analyzer with the convenient, sim
ple operation of constant-percentage-bandwidth analy
zers in a portable, low-cost instrument.

The voltage sensitivity and input impedance, adequate
for most uses, can be improved to 10 microvolts full-scale
and> 500 megohms, respectively, by the use of a 1560
P42 or 1560-P40 Preamplifier. Power for the preampli
fier is supplied at the input connector.

High resolution Narrow bandwidth permits separation
of closely spaced frequencies; wide dynamic range, high
stop-band attenuation, and low distortion allow measure-

Frequency spectrum analysis of a l.O-ms pulse at a 70-Hz repetition rate. The 1% bandwidth
yields high resolution at low frequencies, shows the envelope at high frequencies.
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ment of small components in the presence of components
up to 80 dB larger. These capabilities are vital to the
identification of unwanted vibration and noise compo
nents and to the measuring of discrete frequencies in
complex electrical waveforms. At low frequencies, band
width is narrower, stability better, and calibration more
accurate than those of fixed-bandwidth heterodyne wave
analyzers.

The 1568 excels in such applications as

• harmonic distortion measurements at low frequencies

• harmonic analysis - 1% bw yields 50 components

• detailed analysis of machinery noi.se and vibration

• separation of close, discrete, low frequencies

Automatic analysis In combination, the 1568-A and
1521-B Graphic Level Recorder produce spectrum plots
with as much as a 70-dB recording range. Automatic
range switching is included for ease and speed in making
spectrum analyses. The analyzer and recorder ar~ avail
able mounted in a cabinet, interconnected, and mechani
cally coupled as a complete system, the "1913 Recording
Wave Analyzer.

Available: PREAMPLIFIER 1560-P42 or 1560-P40; Link Unit
1521-PI5, with Sprocket Kit 1521-P16 for mechanical cou
pling to 1521-B Graphic Level Recorder equipped wtih Drive
Unit 1521-P10B; Chart Paper 1521-9475.
Power: 100 to 125 or 200 to 250 V, 50 to 60 Hz. 2 W for
normal operation, 3.5 W for battery charging. A rechargeable
nickel-cadmium battery is supplied. Battery provides about 20
hours of operation when fully charged and reQuires 16 hours
for charging. Internal charger operates from the power line.
Mechanical: Flip-Tilt case and rack mount. DIMENSIONS
(wxhxd): Portable, 13.25x13x8.25 in. (337x330x210 mm);
rack, 19x12.25x5 in. (483x312x127 mm). WEIGHT: 22 Ib
(10 kg) net, 27 Ib (13 kg) shipping..

o

10.0

Catalog
Number

1568-9701
1568-9702
1568-9820
1568-9821

1521-9615

1521-9616

1521-9475

8410-0410
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1568·A Wave Analyzer
Portable Model, 115 V ac ~
Portable Model, 230 Vac
Rack Model, 115 Vac
Rack Model, 230 V ac

1521-P15 Link Unit

1521-P16 Sprocket Kit

Chart Paper

Replacement Battery

Description

SPECIFICATIONS
Frequency: RANGE: 20 Hz to 20 kHz in six half-decade ranges.
DIAL CALIBRATION: Logarithmic. ACCURACY OF FREQUENCY
CALIBRATION: 1%.
Filter Characteristics: BANDWIDTH between 3-dB points on
selectivity curve: 1% of selected frequency. ATIENUATION,
at 20% above and at 20% below selected frequency: > 50 dB
referred to the level at the selected frequency. Attenuation at
twice and at one-half the selected frequency is ;;. 75 dB re
ferred to the level at the selected frequency. Ultimate atten
uation is> 85 dB. UNIFORMITY of filter peak response with
tuning: ±1 dB from 20 Hz to 6.3 kHz and ±2 dB from 20 Hz
to 20 kHz.
Input: IMPEDANCE: 100 kfl. VOLTAGE RANGE: 100/LV to 300
V, full scale, in 3-10 series steps. DISTORTION: Input-circuit
distortion is lower than -80 dB relative to input-signal level.
PREAMPLIFIER: Power is supplied at input socket for the ac
cessory preamplifier, which extends the sensitivity to 10 /LV,
full scale, and increases the input impedance to more than
500 Mfl.
Output: IMPEDANCE: 6000 fl. Any load can be connected.
VOLTAGE: At least one volt open circuit when meter reads full
scale. CREST-FACTOR CAPACITY: Greater than 13 dB.
Output Meter: CALIBRATION: Voltage (see above) and dBm,
with reference at 1 mW into 600 fl (775 mV). DAMPING: 2
modes, Fast and Slow, for manual measurements of noise.
Analyzing Range: 80 dB. Components of an input signal that
differ in amplitude by as much as 80 dB can be measured.
Automatic Recording: Automatic range switching is provided
to allow convenient, continuous spectrum plotting when the
1521 Graphic Lever Recorder is used. Medium-speed motor is
recommended. Chart paper is Catalog No. 1521-9475. Fre
quency scale is logarithmic, 10 inches per decade; vertical
scale is 4 inches for 20, 40, or 80 dB, depending on the poten
tiometer used in the recorder.
Calibrator: A biJilt-in, feedback-type calibration system permits
amplitude calibration at any frequency.
Supplied: Power cord; 1568-2090 Detented Knob and Dial As
sembly, used to facilitate measuring the components of an in
put signal as a percentage or in decibels with an arbitrary
voltage reference.

~ Federal stock numbers are listed before the Index.
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1900-A Wave Analyzer
• 20 to 54,000 Hz, linear frequency scale

• 3-, 10-, and 50-Hz bandwidths

• 30 fLV to 300 V, full scale - 3 fLV with preamp

• SO-dB recording analyzer with 1521 recorder

• outputs: filtered or BFO, 100 kHz and dc recorder

• 1-megohm input impedance on all ranges

The wave analyzer is used for measuring the compo
nents of, or analyzing the spectra of, complex electrical
signals, acoustic noise, or mechanical vibrations.

Individwal components of periodic complex waveforms
such as harmonic or intermodulation distortion are readily
separated and measured, owing to the excellent selec
tivity.

Automatic frequency control enables the 1900-A to
remain tuned to a slowly varying component that might
otherwise drift out of the 50-Hz bandwidth.

This analyzer is particularly suited for analyzing noise,
because its bandwidth in hertz is independent of the
center frequency. The required averaging time is, there
fore, constant, and the calculation of spectrum level is
simple. Furthermore, when the 50-Hz bandwidth is used,
the required averaging time is reasonably short.

For automatic analysis, outputs are provided for driv
ing the 1521 Graphic Level Recorder as well as dc
recorders.

Tunable filter use The analyzer can also be used as
a tunable filter, so that the individual components of a
complex input signal can be used to drive other instru
ments, such as frequency counters, when a highly accu
rate measure of the component frequencies is desired,
or to drive earphones. When a wide-band noise generator
drives the analyzer, the output is a tunable narrow band
of noise. Such a signal is useful in a number of psycho
logical and architectural-acoustics tests.

As a tracking generator In the "tracking generator"
mode of operation, a measurement signal is made avail
able that is a sine wave tunable over the 54-kHz range
and always in tune with the analyzer. When this signal is
used to drive a bridge or other network, a'n output from
that network can be measured by the analyzer, whose
selectivity reduces the interference from extraneous
noise, hum, and distortion.

Description The 1900-A is a heterodyne type of volt
meter. The intermediate-frequency amplifier at 100 kHz
includes a highly selective quartz-crystal filter whose
bandwidth can be switched to 3, 10, and 50 Hz. The use
of a heterodyne system makes it possible to vary the
response frequency although the filter frequency is fixed.
The 100-kHz output of the filter is indicated on a meter
and is also available at the panel. In one mode of opera
tion the output is also heterodyned back to the original
frequency. In another mode, the local oscillator beats
with a 100-kHz quartz-crystal oscillator to function as a
beat-frequency oscillator. These two outputs are also
available at panel terminals as filtered input component
and indicated frequency, respectively.
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Outputs: 100-kHz OUTPUT: Amplitude is proportional to amp
litude of selected component in analyzer input signal. With
the 1521 Graphic Level Recorder connected, full-scale output
is at least 3 V. Dynamic range from overload point to internal
noise is >80 dB with attenuator knob fully clockwise. RE
CORDING ANALYZER: See the 191O-A Recording Analyzer qnd
1521-B Graphic Level Recorder. DC OUTPUT: 1 rnA in 1500
fl, full scale, one side grounded. FILTERED INPUT COMPO
NENT: Output at least 1 V across 600-0 load for full-scale
meter deflection with output control at max. TRACKI NG
ANALYZER (INDICATED FREQUENCY): 20 Hz to 54 kHz; out
put is at least 2 V across 600-fl load with output control at max.
Terminals: Input, binding posts; output, telephone jacks.
Supplied: 1560-P95 Adaptor Cable, phone plug, power cord.
Available: 1900-P1 and 1900-P3 LINK UNITS for coupling to
1521 Graphic Level Recorder, 1560-P40 and 1560-P42 PRE
AMPLIFIERS (use 1560-P62 Power Supply).
Power: 105 to 125 or 210 to 250 V, 50 to 400 Hz, 40 W.
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x16.25x15.25 in. (483x413x387 mm); rack, 19x
15.75x13.25 in. (483x400x337 mm). WEIGHT: 56 Ib (26 kg)
net, 140 Ib (64 kg) shipping.

The Analyzer-Recorder link The 1900-A Wave Analy
zer can be used in conjunction with the GR 1521 Graphic
Level Recorder to prodlJ~e, automatically, permanent
graphic records of high-resolution spectrum analyses.
The necessary coupling mechanisms and chart papers
are available for frequency scales of 50, 500, or 5000 Hz
per inch. A choice of 3 recorder potentiometers permits
selection of 20, 10, or 5 dB per inch, so that virtually any
combination of horizontal and vertical scale resolution is
possible.

The 1900-P1 or 1900-P3 Link Unit mounts on the wave
analyzer in place of the manual frequency-tuning knob
and provides mechanical coupling to the recorder. The
1900-P3 permits selection of 500- or 50-Hz! in. scale
factors with a lever; the 1900-P1 provides 5000 or 500
Hz! in. by the interchanging of sprocket wheels.

An. assembly of the 1900-A Wave Analyzer, 1900-P1,
and 1521-B Graphic Level Recorder is available as the
191O-A Recording Wave Analyzer.

SPECIFICATIONS
Frequency: RANGE: 20 to 54,000 Hz. The frequency is indi
cated on a counter and a dial with a linear graduation, 10 Hz
per division. ACCURACY OF CALIBRATION: ±(112% + 5 Hz)
up to 50 kHz; ±1% beyond 50 kHz. INCREMENTAL-FRE
QUENCY DIAL (aF): ±100 Hz. Accuracy is ±2 Hz below 2.kHz,
±5 Hz up to 54 kHz. AUTOMATIC FREQUENCY CONTROL: At
frequencies below 10 kHz, total range of frequency lock is 400
Hz for the 50-Hz band and 150 Hz for the 10-Hz band, as de
fined by 3-dB drop in response from full-scale deflection. At
50 kHz, the lock ranges decrease to one-half of these values.
Selectivity: Three bandwidths (3, 10, and 50 Hz).
Effective bandwidth for noise is equal to nominal bandwidth
within ±10% for 10- and 50-Hz ban"ds and ±20% for 3-Hz
band. 3-HERTZ BAND: At least 30 dB down at ±6 Hz from
center frequency, at least 60 dB down at ±15 Hz, at least 80
dB down at ±25 Hz and beyond. lO-HERTZ BAND: At least
30 dB down at ±20 Hz, at least 60 dB down at ±45 Hz, at least
80 dB down at ±80 Hz and beyond. 50-HERTZ BAND: At
least 30 dB down at ±100 Hz, at least 60 dB down at ±250 Hz,
at least 80 dB down at ±500 Hz and beyond.
Input: IMPEDANCE: 1 Mo shunted by 30 pF on all ranges.
VOLTAGE RANGE: 30 fLV to 300 V, full scale, to 3 fLV with
preamp, in 3, 10 series. A decibel scale is also provided.
VOLTAGE ACCURACY: After calibration by internal source, the
accuracy up to 50 kHz is ±(3% of indicated value + 2% of full
scale) except for the effects of internal noise when the at
tenuator knob is in the maximum-sensitivity position. From
50 to 54 kHz, the above 3% error becomes 6%. RESIDUAL
MODULATION PRODUCTS AND HUM: At least 75 dB down.

1900-Pl

Description

19()()..A Wave Analyzer
Bench Model, 115 V
Rack Model, 115 V
Bench Model, 230 V
Rack Model, 230 V

Automatic Wave Analysis

Description

19oo·Pl Link Unit
For chart paper, use 1521-9464 (500 Hzlin.)
or 1521-9465 (5 kHzl in.)

19OO·P3 Link Unit
For chart paper, use 1521-9464

Catalog
Number

19()()..9801
1900·9811
1900-9802
1900-9812

Catalog
Number

19()()"9601

1900·9603
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Frequency-Response and
Spectrum Recorder Assemblies

Several GR instruments can be used with the 1521-B
Graphic Level Recorder for automatic plotting of the fre
quency response of a device or the frequency spectrum
of (for example) acoustic noise or of a complex electrical
waveform. Automatic plotting with these instruments re
places tedious point-by-point manual methods and pro
vides much more information in the form of finer-resolu
tion curves. Listed below are several such assemblies

that can be ordered under single catalog numbers and
include all accessories normally needed. Or the compo
nent items can be ordered individually to convert existing
equipment into fully automatic recording assemblies.

Custom' assemblies of GR analysis equipment and
sound and vibration instruments can be built to order to
meet a variety of special requirements.

Mechanical: Assembled in cabinet. DIMENSIONS (wxhxd):
19x25.25x15.25 in. (483x642x388 mm). WEIGHT: 116 Ib
(53 kg) net, 227 Ib (104 kg) shipping.

1910-A Recording Wave Analyzer
The 19l0-A is particularly useful in analyzing and re

cording the frequency components present in mechanical
vibrations, acoustic signals, and in complex electrical sig
nals including random noise. Its linear frequency scale,
20-Hz to 54-kHz range, three bandwidths (3, 10, and 50
Hz), and 80-dB dynamic range permit higher-order,
closely spaced and weak components to be found with
ease.

SPECIFICATIONS

The 1910-A assembly includes the following:
1900-A Wave Analyzer, including 1560-P95 Adaptor cable

and other accessories
1521-B (or -8Ol for 50-Hz supply) Graphic Level Recorder

with 40-dB Potentiometer (1521-9602) and medium
speed motor

1521-P3 SO-dB Potentiometer (1521-9603)
1521·PI0B Drive Unit (1521-9467) (installed)
1900-Pl Link Unit (1900-9601) (installed)
1900·P3 Link Unit (1900·9603)
Chart Paper, 10 rolls (1521-9464), scale 0-10 kHz
Chart Paper, 10 rolls (1521-9465), scale 0-50 kHz
Adaptor Cable, double banana to right-angle phone plug.

Available: 1560-P40 and 1560-P42 Preamplifiers; choice of
vibration pickups or microphones.

Description

1910·A Recording Wave Analyzer
60-Hz 115-V Model
60-Hz 230-Y Model
50-Hz 115-Y Model
50-Hz 230-Y Model

Catalog
Number

1910-9701
1910-9711
1910·9493
1910-9494

1911-A Recording Sound and Vibration Analyzer
This assembly will generate continuous frequency plots

of the 1/3- or 1/ 10-octave spectrum of sound and vibra
tion signals oyer the range of 4.5 Hz to 25 kHz. Thus
1/3-octave measurements can be made in accordance
with several common military and industrial noise-control
specifications. While the third-octave bandwidth is con
venient for testing compliance to a specification for maxi-
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mum allowable noise or vibration level, the 1/ 10-octave
bandwidth permits precise identification of individual fre
quency components, leading to their reduction or elimina
tion. The analyzer will accept signals from a sound-level
meter, vibration meter, or other stable amplifier, or di
rectly from a microphone or vibration pickup. It includes
a storage drawer and system power control.
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SPECIFICATIONS

The 1911-A consists ofthe following:
1564-A Sound and Vibration Analyzer, rack model
1521-B (or -BQ1 for 50-Hz supply) Graphic level Recorder

with 40-<lB Potentiometer (1521-9602) and medium
speed motor

1521-PI0B Drive Unit (1521-9467)
1521-P15 link Unit (1521-9615), with 16-tooth sprocket

installed (standard 24-tooth sprocket also included)
Chart Paper, 10 rolls (1521-9469), calibrated 2.5-25 nor

malized, logarithmic.
.Adaptor Cable, double banana to right-angle phone plug.

Available: 1560-P40K Preamplifier and Microphone Set; 80-dB
potentiometer; choice of vibration pickups.
Mechanical: Assembled in cabinet. DIMENSIONS (wxhxd):
19.75x31.25x15.75 in. (502x794x400 mm). WEIGHT: 101
Ib (46 kg) net, 158 Ib (72 kg) shipping.

Description
Catalog
Number

1911-A Recording Sound and Vibration Analyzer
60-Hz 115-V Model
60-Hz 230-V Model
50-Hz 115-V Model
50-Hz 230-V Model

1911-9701
1911-9711
1911-9493
1911-9494

Mechanical: Assembled in cabinet. DIMENSIONS (wxhxd):
19.75x31.25x15.75 in. (502x794x400 mm). WEIGHT: 110
Ib (50 kg) net, 165 Ib (75 kg) shipping.

Catalog
Number

1913-9700
1913-9702
1913-9703
1913-9701

---------~------- ....

Description

1913 Recording Wave Analyzer
60-Hz 115-V Model
60-Hz 230-V Model
50-Hz 115-V Model
50-Hz 230-V Model

This consta nt-percentage-bandwi dth record ing ana Iyzer
will make high-resolution spectrum plots from 20 Hz to
20 kHz. It is easy to use, having automatic range switch
ing and few controls. Wide dynamic range and the 80-dB
potentiometer reduce the need to change sensitivity man
ually to accommodate widely varying amplitudes. Narrow
bandwidth permits separation of closely spaced low fre
quencies without forfeiting high-frequency resolution;
typically, the fiftieth harmonic can be identified. See
description of 1568-A Wave Analyzer for more details.

The 1913 is supplied assembled and includes a storage
drawer and system power control, which switches the
analyzer battery supply as well as the ac line.

SPECIFICATIONS

The 1913 includes the following:
1568-A Wave Analyzer, rack model, and accessories
1521-B (or -BQ1 for 50-Hz supply) Graphic level Recorder

with 40·dB Potentiometer (1521-9602) and medium
speed motor

1521·P3 80-<lB Potentiometer (1521-9603)
1521-PI0B Drive Unit (1521-9467)
1521-P15 link Unit (1521-9615), with 16-tooth sprocket

installed (standard 24-tooth sprocket also included)
Chart Paper, 10 rolls (1521-9475), scale 2-20 log, nor

malized
Adaptor Cable, double banana to right-angle phone plug.

Available: 1560-P40 and 1560-P42 Preamplifiers.

-1913 Recording Wave Analyzer - 1% Bandwidth
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1921 Real-Ti.me Analyzer
• 3.15 Hz to 80 kHz

• 30 to 45 one-, 1/3-, or 1/10-octave bands

• 70-dB dynamic range, 60 dB displayed

• 100-mV sensitivity

• calibrated attenuators

• digital detection -7 true rms answers

• 9 known integration periods

• corrected spectrum displayed directly

Realization of a long-standing need Since the incep
tion of the first sound and vibration instruments, the need
for rapid, on-line measurements was apparent. But it
took some thirty years to fulfill the need, adequately and
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economically, and the fulfillment came with the introduc
tion of real-time analysis embodied in the 1921.

fhe 1921 is at least 30 times faster than contemporary
serial analyzers, which means it can analyze more data
faster and can measure non-stationary signals without
tape loops. Its 70-dB dynamic range readily accepts the
random or totally unspecified signals routinely encoun
tered in acoustic work. The answers come fast; they are
repeatable and statistfcally reliable because of the ana
lyzer's ±0.5-dB accuracy and known integration times.

Optional attenuators provide ±0.25-dB accuracy for
dynamic-range extension, transducer flattening, subjec
tive correlation, etc., and the filters incorporate A-, B-,
or C-weighting networks. The entire capability has been
specifically designed to permit simple, rapid, and precise
control and interpretation of the measurements with a
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minimum of operator attention. Even less work and faster
results are possible when auxiliary instrumentation is
wedded to the 1921, instrumentation such as computer
control, scanner input, dc recorders, or data printers
all of which interface with ease.

A unique solution The input signal is applied to a set
of analog filters (from 30 to 45 depending on your re
quirements) that cover a frequency range from 3.15 Hz
to 80 kHz. These filters include, as an option, individual
attenuators to permit pre-whitening or other signal condi
tioning. They are housed in a unit that can be purchased
separately if desired.

The outputs of the filters are processed in another unit,
the rms detector. It is unique in that it processes the sig
nals from the filters digitally. Each channel is sampled,
the sampled data are converted to digital binary form,
and the binary numbers are fed to a digital processor that
computes root-mean-square levels.

The averaging method is true (linear) integration with
a choice of nine accurate integration times from Va second
to 32 seconds. This scheme not only produces answers
faster than the running-average circuits found in analog
devices (which "waste" time and aren't very useful for
transient signals) but also make it possible to determine
exactly what events in time have affected the answer.
The computed band levels are stored in digital memory to
be retrieved at a rate limited only by the output recording
or storage device. The analyzer simultaneously provides
both digital and analog outputs.

Versatility The 1921 is available in bench or rack
models, in four standard frequency ranges, and with
or without attenuators. Custom versions with up to 45
bands, either 1/10, 1/3, 1 octave wide, or a mixture of
the three, are available on special order, as are models
with special bandwidths.

Complete systems, tailored to your needs from trans
ducer to final data storage, can also be supplied. Such a
system could include a computer, display scope, dc re
corder, and magnetic tape recorder to provide on-line
calculations and comparisons such as:

• Spectrum comparisons from 3.15 Hz to 80 kHz
• Stevens loudness calculations per ANSI S3.4-1968

• ARF loudness calculations
• Perceived-noise-Ievel (PNL) computations recom-

mended by the FAA
• Speech-interference-Ievel (SIL) computations

• Noise criterion levels per L. L. Beranek
• ARI, AMCA, ASH RAE, and STC ratings
- See GR Experimenter for May-June 1969 and reprint E122.

SPECIFICATIONS

Frequency: 3.15 Hz to 80 kHz.
Bandwidth: 1/3 octave standard; 1/10 and 1 octave avai lable.
Amplitude: 70-dB dynamic range, 60 dB displayed; 100-mV
rms nominal full-scale sensitivity.
Linearity: ±0.5-dB deviation from best straight-line fit over top
50 dB of display range, ±1 dB over entire 60-dB range.
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Digital Presentation: Band information is displayed on high
intensity neon-readout tubes. BAND NUMBER per ANSI S1.6
and S1.11 is displayed on 2 tubes and available as 2 BCD
digits on rear panel. BAND LEVEL from 0 to 159 dB in
0.25-dB steps is displayed on 5 tubes and available as 5 BCD
digits on rear panel with overload indicated as 8 or 9 in
left digit. REAR-PANEL data are 1-2-4-8 weighted at standard
5-V TTL levels (~ +0.5 and ~ +3.5 V) and available from all
bands sequentially at a 50-pin type 57 connector.
Analog Presentation: BAND NUMBER is available as 0 to +1 V
linear ramp at rear BNC connector. BAND LEVEL from 0 to
60 dB is available as 0 to +1 V ± 10% signal at rear BNC con
nector with overload indicated by superimposed jitter. PEAK
MONITOR: A peak detector senses levels at two circuit points
and drives a panel meter calibrated in dB referred to overload
level. A signal proportional to meter indication is available at
a rear connector to drive a de recorder; 1 mA for full-scale
reading.
Input: Connects to rear BNC or mike connector. SENSITIV
ITY: 100 mV rms nominal for full scale. Can be increased to
5 mV with 1560·P40 or -P42 Preamplifier. DYNAMIC RANGE:
60 dB displayed plus 10-dB crest-factor margin at full scale.
MAXIMUM INPUT: 35 Vdc, 17 V peak ac. IMPEDANCE: 100
kG. CALIBRATION: Full-scale and zero-level self calibration
provided in two auxiliary channels; panel control allows a cali
bration factor to be added to digital output; full-scale indica
tion is adjustable from 60 to 159 dB in I-dB steps.
Attenuation: 18-dB continuous gain adjustment common to all
channels plus, optionalfy, 50-dB attenuation in I-dB steps with
±0.25-dB accuracy (re +25-dB setting) by means of a panel
thumbwheel switch for each band. Attenuation of each band is
indicated by a dot on panel display and represents the trans
mission between input and summed output of multifilter. Dis
play has standard 50-dB-per-decade scale factor, 10 dB per in.
vertical, 5 in. per decade horizontal. 1925-9670 Transmis
sion Record Sheets available: thin Mylar* sheets, of same size
and scale factor as attenuator display, attach to window with
self-contained adhesive and can be used to record position of
dots in window with china- or glass-marking pencil or crayon.
Response: 30 6-pole Butterworth filters with 1/3-octave effec
tive (noise) bandwidths that conform to ANSI S1.11-1966
Class III (high attenuation) and IEC 225-1966 standards or
with I-octave bandwidths that conform to ANSI S1.11-1966
Class II (moderate rate but highest for octave-band filters) and
IEC 225-1966 standards. ACCURACY of center frequency,
±2%. LEVEL UNIFORMITY: Within ±0.50 dB at 25°C, ±0.75
dB from 0 to 50°C, at center frequency with attenuator at +25
dB. PASSBAND RIPPLE: 0.5 dB max pk-pk. NOISE: < 15 p.V
equivalent input noise. HARMONIC DISTORTION: < 0.25% at
I-V output for bands centered below 25 Hz, < 0.1 % at I-V
output for 25 Hz and above. WEIGHTING: A, B, C, conforming
to ANSI S1.4, IEC R123, and IEC R179.
Detection: RMS with true (linear) integration. INTEGRATION
TIMES: lfe, 14, lf2, 1, 2,4,8, 16, or 32 s; pushbutton controlled.
SAMPLING: Sampling rate is changed during integration time
to eliminate coherence effects; 1024 samples taken during
integration times from 1 to 32 s; below 1 s number of samples
reduced in proportion to integration time to a minimum of
128. REPEATABILITY: Better than 1 dB (l Ii limit) for tone
burst with duty factor of 1/100 (equivalent to crest factor of
23 dB) when rms levels are < 13 dB below full scale.
Programmability: All panel controls, except output display
rate, attenuators, and gain control, are programmable by clo
sures to ground qpplied to a rear 50-pin type 57 connector.

* Registered trademark of E. I. du Pont de Nemours and Co. Inc.
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Without Attenuator

With Attenuator

Catalog Number

1921-9708 1921-9709
1921-9710 1921-9711
1921-9712 1921-9713
1921-9714 1921-1915

1925-9670

Rack

1921-9701
1921-9703
1921-9705
1921-9707

Bench

1921-9700
1921-9702
1921-9704
1921-9706

Description

25 Hz to 20 kHz
12.5 Hz to 10 kHz
3.15 Hz to 2.5 kHz

100 Hz to 80 kHz
Transmission Record Sheets, pack of ten

1921 Real-TIme Analyzer

Consists of 1926 Multichannel RMS
Detector and 1925 Multifilter with
one-third-octave bands*

25 Hz to 20 kHz
12.5 Hz to 10 kHz
3.15 Hz to 2.5 kHz

100 Hz to 80 kHz

Supplied: Power cord; 24-pin, 36-pin, and 50-pin type 57 plugs
to mate with rear connectors; 5 Transmission Record Sheets.
Available: 1560-P40 and P-42 PREAMPLIFIERS, 1566 MULTI
CHANNEL AMPLIFIER (input scanner), 1522 DC RECORDER,
1921-P2 STORAGE DISPLAY UNIT, Houston Instruments
6400-024 series plotters, Mohawk Data Sciences model 800
High-Speed Printer. NOTE: The 1522 DC Recorder is ideally
suited for use with the 1921. A rack model 1522 with a 1522
PI Preamplifier and 1522-9670 Cable Set is available.
Power: 100 to 125 and 200 to 250 V, 50-60 Hz, 152 W.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19.5x19x20 in. (495x483x508 mm); rack, 19x17.5x
16 in. (483x445x406 mm). WEIGHT: Bench, 95 Ib (44 kg)
net, 190 Ib (87 kg) shipping; rack, 80 Ib (37 kg) net, 120 Ib
(55 kg) shipping.

* Other bandwidths available; inquiries are invited.

1921-P2 Storage Display Unit
• especially useful with real-time analyzers

• clear, bright spectrum display

• large 4-by-5-in. viewing area

• bench or rack models

INewI

between any 2 deflection increm of I-in. length vertically,
anywhere in display area. S 3rly, <5%, horizontally.
SPEED: >10 in./ms (25 cm/m... ;tored line-writing speed.
STORAGE: Z-axis on-time should be ~4 p'S to ensure good stor
age. Viewing time up to 1 h recommended; erasure becomes
more difficult if information is stored longer. ERASURE,
normal erase time: 250 ms.
Supplied: Five graticule grids graduated vertically every 5 dB
from 0 to 60 dB and horizontally in 30 bands: 1 each for bands
5 to 34, 11 to 40, 14 to 43, and 20 to 49, and one with bands
unmarked.
Power: 90 to 132 and 180 to 264 V, 48 to 440 Hz, 57 W.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 8.5x6.5x19.5 in. (216x165x495 mm); rack, 19x5.25x
19.5 in. (483x133x495 mm). WEIGHT: 18 Ib (9 kg) net, 26
Ib (12 kg) shipping.

Spectrum at a glance As an accessory for the 1921
Real-time Analyzer, the 1921-P2 displays the results of
the spectrum analysis - amplitude vs frequency - in a
single, easily interpreted format. The display functions
of the unit are programmable, and necessary control and
deflection voltages are provided by the analyzer.

The 1921-P2 is a slightly modified Tektronix * Type
603 Storage Display Unit. It has all-solid-state circuits, a
6V2-inch bistable storage CRT, built-in vertical and hori
zontal deflection amplifiers, and Z-axis modulation ca
pability. It is supplied with inter-connecting cable for the
1921 analyzer and graticules marked with 1/3-octave
standard band numbers, center frequencies, and a deci
bel scale.

SPECIFICATIONS
Frequency: Dc to 2 MHz for waveform display, in which the
X axis represents time. PHASE SHIFT: <10 difference be
tween X and Y channels, up to 500 kHz.
Display: 4 in. vertical (Y), 5 in. horizontal (X) display (approx
lOx12.5 cm) on 6V2-in. flat-faced bistable storage tube. Phos
phor similar to PI. LINEARITY: <5% difference in voltage

* Registered trademark of Tektronix Inc.

Description

1921-P2 Storage Display Unit
Bench Model
Rack Model

catalog
Number

1921-9716
1921-9717
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1925 Multifilter
• 3.15 Hz to 80 kHz

• 1/3-octave or octave bands

• calibrated channel attenuators

• display with standard scale factor

• scanned, parallel, and summed outputs

Spectrum shaper or analyzer building block The 1925
Multifilter contains up to 30 parallel octave-band or one
third-octave-band filters from 3.15 Hz to 80 kHz and can
be supplied with or without attenuators that permit inde
pendent control of the gain in each band. With the atten
uators, you can use the multifilter as an equalizer or
spectrum shaper to simulate or to compensate for irregu
larities in the frequency response of electrical or acousti
cal transmission systems or transducers. With or without
attenuators, you can use it as the basis for a serial or
parallel frequency analysis system.

A variety of outputs The outputs from the individual
filters are presented simultaneously in parallel, summed
in a single output, and selected individually by manual
switching, by external switch closure, or by a remote
scanner control unit. Additional outputs provide the un
filtered input signal and the signal with A, B, or C weight
ing imposed. Peak detectors located before and after the
filters drive a metering circuit that selects the highest
peak and gives you an indication in decibels referred to
the overload level.

GENERAL RADIO 1973 CATALOG

Attenuator for each band Optional attenuators, one for
each filter, broaden the usefulness of the multifilter.
Each attenuator provides 50 dB of gain control in I-dB
steps, accurate to 0.25 dB. Thumbwheel switches con
trol the attenuation and a panel display indicates the
"transmission" of the instrument. This display has the
same scale as the 1521-9463 chart paper used with the
1564-A Sound and Vibration Analyzer (5 in./decade hori
zontal, 10 dB / in. vertical). A key-operated lock guards
against unintended changes in the attenuator control
settings.

Filters meet American and international standards The
filters, built on plug-in etched boards (three per board) for
easy interchange, are available with either octave or one
third-octave bandwidths that conform to both American
and international standards. The A-, B-, and C- weighting
characteristics also conform to the requirements of the
various standards for sound-level meters.

- See GR Experimenter for May-June 1969 and reprint E122.

SIGNAL ANALYSIS 67



SPECIFICATIONS
Frequency: 3.15 Hz to 80 kHz.
Bandwidth: 1/3 or 1 octave standard; 1/10 octave available.
Peak Monitor: A peak detector senses levels at two circuit
points and drives a panel meter calibrated in dB referred to
overload level. A signal proportional to meter indication is
available at a rear connector to drive a dc recorder; 1 mA for
full-scale reading.
Input: Connects to rear BNC or microphone connector. GAIN:
o dB nominal. MAXIMUM INPUT: 35 V dc, 17 V peak ac.
IMPEDANCE: 100 kQ.
Attenuation: +6 to -12-dB continuous gain adjustment com
mon to all channels plus, optionally, +25 to -25-dB attenua
tion in I-dB steps with ±0.25-dB accuracy (re +25-dB setting)
by means of a panel thumbwheel switch for each band. At
tenuation of each band is indicated by a dot on panel display
and represents the transmission between input and summed
output. Display has standard 50-dB per decade scale factor;
lO-dB per in. vertical, 5 in. per decade horizontal. Lock on
panel prevents accidental changes in attenuator settings.
Response: 30 6-pole Butterworth filters with 1/3-octave effec
tive (noise) bandwidths that conform to ANSI S1.11-1966
Class III (high attenuation) and IEC 225-1966 standards or
with I-octave bandwidths that conform to ANSI S1.11-1966
Class II (moderate rate but highest for octave-band filters)
and IEC 225-1966 standards. ACCURACY of center frequency:
±2%. LEVEL UNIFORMITY: Within ±0.50 dB at 25°C, ±0.75
dB from 0 to 50°C, at center frequency with attenuator at
+25 dB. PASSBAND RIPPLE: 0.5 dB max pk-pk. NOISE:
<15 !JoV equivalent input noise. HARMONIC DISTORTION:
<0.25% at I-V output for bands centered below 25 Hz, <0.1%
at I-V output for 25 Hz and above. WEIGHTING: A, B, C,
conforming to ANSI Sl.4, IEC R123, and IEC Rl79.

1925-9713
1925-9715
1925-9717
1925-9719

1925-9721
1925-9723

Catalog Number

With Attenuator

Bench Rack

1925-9700 1925-9701
1925-9702 1925-9703
1925-9704 1925-9705
1925-9706 1925-9707

1925-9708 1925-9709
1925-9710 1925-9711

Without Attenuator

1925-9720
1925-9722

1925-9712
1925-9714
1925-9716
1925-9718

1925 Multifilter··

One-Third-Octave Bands

25 Hz to 20 kHz
12.5 Hz to 10 kHz
3.15 Hz to 2.5 kHz

100 Hz to 80 kHz

Octave Bands
31.5 Hz to 16 kHz

4 Hz to 2 kHz

One-Third·Octave Bands
25 Hz to 20 kHz
12.5 Hz to 10 kHz
3.15 Hz to 2.5 kHz

100 Hz to 80 kHz

Octave Bands

31.5 Hz to 16 kHz
4 Hz to 2 kHz

Description

** 45-band models, 11l0-octave-band models, mixed 1110, 1/3, and
I-octave-band models, or special bandwidths available on special
order.

Outputs: PARALLEL BAND OUTPUTS: ±4.2 V max (3 V rms)
behind 20 Q nominal; 3 kQ min load for max output voltage.
SCANNED BAND OUTPUT: ±4.2 V max (3 V rms) behind 20!"!;
3-kl1 min load for max output voltage. Two chassis can be
wired in parallel for up to 60 scanned outputs. SUMMED
OUTPUT (for equalizing and shaping applications): ±4.2 V
max open circuit behind 600 11; impedance of load does not
affect output linearity. WEIGHTED AND UNFILTERED OUT
PUTS: O-dB nominal gain at 1 kHz, behind 20 n nominal;
30 kl1 min load for max output voltage.
Supplied: Power cord, two 36-pin type 57 plugs to mate with
rear connectors.
1925-9670 Transmission Record Sheets available: thin Mylar*
sheets, of same size and scale factor as attenuator display,
attach to window with self-contained adhesive and can be used
to record position of dots in window with china- or glass-mark
ing pencil or crayon.
Available: 1560-P40 and -P42 PREAMPLIFIERS, 1566 MULTI
CHANNEL AMPLIFIER (input scanner).
Power: 100 to 125 and 200 to 250 V, 50-60 Hz, 17 w.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19.75x9.13x12.25 in. (502x232x311 mm); rack, 19x
8.75x12.25 in. (483x222x311 mm). WEIGHT: Bench, 49 Ib
(23 kg) net, 58 Ib (27 kg) shipping; rack, 39 Ib (18 kg) net, 47
Ib (22 kg) shipping.

* Registered trademark of E. I. du Pont de Nemours and Co. Inc.
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1926 Multichannel RMS Detector
linear ramp at rear BNC connector. BAND LEVEL from 0 to
60 dB is available as 0 to + 1 V ± 10% signal at rear BNC con
nector with overload indicated by superimposed jitter.
Input: 30 or 45 channels. SENSITIVITY: 1 V rms ± 10% full
scale. DYNAMIC RANGE: 60 dB displayed plus 10-dB crest
factor margin at full scale. MAXIMUM INPUT: 100 mVdc,
3 V peak ac for linear operation. IMPEDANCE: = 5 kfl; 0 to
30 n allowable source impedance. CALIBRATION: Full-scale
and zero-level self-calibration provided in two auxiliary chan
nels; panel control allows a calibration factor to be added to
digital output; full-scale indication is adjustable from 60 to
159 dB in I-dB steps.
Detection: RMS with true (linear) integration. INTEGRATION
TIMES: ¥e, lf4, V2, 1,2,4,8, 16, or 32 s; pushbutton controlled.
SAMPLING: Sampling rate is changed during integration time
to minimize coherence effects; 1024 samples taken during
integration times from 1 to 32 s; below 1 s number of samples
reducea in proportion to integration time to a minimum of
128. REPEATABILITY: Better than 1 dB (l Ii limit) for tone
burst with duty factor of 1/100 (equivalent to crest factor of
23 dB) when rms levels are <13 dB below full scale.
Programmability: All panel control. functions, except output
display rate, are programmable by closures to ground applied
to a rear 50-pin type 57 connector.
Supplied: Power cord, 24, 36, and 50-pin type 57 plugs to
mate with rear connectors.
Available: 1522 DC RECORDER, 1921-P1 STORAGE DISPLAY
UNIT, Houston Instruments 6400-024 series plotters, Mohawk
Data Sciences model 800 High-Speed Printer.
Power: 100 to 125 and 200 to 250 V, 50-60 Hz, 135 W.
Mechanical: Rack model only. DIMENSIONS (wxhxd): 19x
8.75x17.44 in. (483x222x443 mm). WEIGHT: 47 Ib (22 kg)
net, 55 Ib (25 kg) shipping.

• 1 Hz to 100 kHz

• 70-dB dynamic range, 60 dB displayed

• digital detection --+ true rms answers

• fully programmable

Digital detection The 1926 is the digital detector sec
tion of the 1921 Real-Time Analyzer and is available sepa
rately for use with the 1925 Multifilter or other multi
channel filters where real-time analysis is required. It is
also useful as a multichannel true-rms detector in other
applications such as monitoring the sound pressure at a
number of points or measuring the electrical noise of
multichannel systems.
- See GR Experimenter for May-June 1969 and reprint El22.

SPECIFICATIONS
Frequency: 1 Hz to 100 kHz (3 db down at <1 Hz for bands 1
to 10, at <6 Hz for all other bands; <I-dB frequency-response
error at 100 kHz).
Amplitude: 70-dB dynamic range, 60 dB displayed, 1 V rms
±10% full-scale sensitivity.
linearity: ±0.5-dB deviation from best straight-line fit over top
50 dB of display range, ±1 dB over entire 60-dB range.
Digital Presentation: Band information is displayed on high
intensity neon readout tubes. BAND NUMBER per ANSI S1.6
and S1.11 is displayed on 2 tubes and available as 2 BCD
digits on rear panel. BAND LEVEL from 0 to 159 dB in 0.25
dB steps is displayed on 5 tubes and available as 5 BCD digits
on rear panel with overload indicated as 8 or 9 in left digit.
REAR-PANEL DATA are 1-2-4-8 weighted at standard 5-V TTL
levels (~+0.5 and;;' 3.5 V; 15-V DTL available on special re
quest) and available from all bands sequentially and auto
matically in 720 ,.,s to 45 s for 45 bands or manually by push
button or external command, at a rear 50-pin type 57 con
nector.
Analog Presentation: BAND NUMBER is available as 0 to +l-V
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Description

1926 Multichannel RMS Detector

Rack Model, 30 Channels
Rack Model. 45 Channels

Catalog
Number

1926-9701
1926-9703
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This analyzer represents the most capable, sophistlcateo signal-processing equipment available anywhere.

High-speed analysis These analyzers permit real-time
continuous processing without any loss of your data.
Processing bandwidths are available up to 38 kHz (auto
spectrum) directly from the panel. In addition, the full
scale frequency range selection is in sequence steps of
I, 2, 2.5,4, and 5 from 0.1 Hz to 50 kHz to allow maxi
mum utilization of the bandwidth capability. Widest use
ful dynamic range is preserved by means of 16-bit words,
double-precision calculations, and operator selected dy
namic scaling.

Easy analysis A task-oriented control console mean
ingful displays, and a complete software package pro
vide true "one-button" operation - there is no need to
know or to learn computer programming and no need for
constant cable patching or control manipulation.

Complete analysis The system design allows you to
construct any desired compound processing and input!
output operations for automatic or repetitive data-reduc
tion routines. Parallel processing in both the processor
and controller permits wide-band performance. Complex,
repetitive sequences can be initiated automatically or at
the push of a button, obviating the need for a trained
operator to set up and supervise each measurement.
Pre-programmed pushbutton functions:
• DIRECT/INVERSE"FFT
• AUTO-/CROSS-SPECTRUM
• TRANSFER/COHERENCE FUNCTION
• AUTO-/CROSS-CORRELATION
• AMPLITUDE HISTOGRAM
• WAVEFORM AVERAGING
Preselected time-domain HANNING available for any
function.
- See GR Experimenter for July/September 1970.

T10 Time-Series Analyzers
• 0-to-50 kHz frequency range

• dynamic range> 70 dB

• frequency resolution to 0.025%

• automatic analysis

• fully calibrated displays

• continuous, on-line real-time acquisition mode

• panel-controlled or keyboard programmed

. Tailored analysis The Time! Data 1923 analyzers pro
vide a broad range of time series analysis techniques.
Pushbutton selection of such operations as direct or in
verse FFT, correlation, Auto Spectrum (PSD), transfer
function, etc allow fast, error free and continuous meas
urements of your input signals. The analyzers are
offered in four basic models to suit widely divergent
needs. Each model can be tailored to your specific ap
plica~ion by either a variety of off-the-shelf options, or
special hardware or software unique to your installation
- all fully integrated into a unified system.

Two models combin~ the speed of a microprogrammed
Fast Fourier-Transform processor with the flexibility of a
digital controller. Another owes its increased speed to
the new FTE-lO Fourier Transform Extended Perform
ance Element developed by Time! Data. With this wide
choice you need only purchase the performance and
speed you really require. If in the future your needs
change you can, by adding the FTE-lO or the 90 C or 90 A
processor, increase the performance to meet the needs.
All models include a full software package and, in addi
tion, custom programming is available for specialized
needs.
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SPECIFICATIONS

Processing Time

2048

1024

1024

2048

2048

2048

Freme-Slze
(words)

27

48

360

1024

2.7

4.8

Cross
Spectrum

32

128

160 ms

12.6

22

950 ms

1024

Auto
Spectrum

(PSD)

2.1

1.2

19

85 ms

128

17

12.2

950 ms

146

1024

1.7

1.2

85 ms

13

128

1923/90

1923/30

1923/50

1923/70

Input Frame
(words or points)

Model

* May be optional. ** For lower analysis frequencies, divide Resolu
tion per Line by appropriate power of 10.

Oynamic Range: >70 dB, voltage or power.
Frequency Resolution:

Analysis Frequency Range in Hz*'
Number of 10,000 20,000 I 25,000 I 40,000 I 50,000

Size in Frequency
Words Lines Resolution per Line in Hz

8192* 4096* 2.5* 5* 6.25* 10* 12.5*
4096* 2048* 5* 10* 12.5* 20* 25*
2048 1024 10 20 25 40 50
1024 512 20 40 50 80 100

512 256 40 80 100 160 200
256 128 80 160 200 320 400
128 64 160 320 400 640 800

64 32 320 640 800 1280 1600

Catalog
Number

(Describe
exactly as
shown at
the left.)

Time-Series Analyzer
T/D 1923/30
T/D 1923/50
T/D 1923/70
T/D 1923/90

Select following options, if desired:
OP7 Teletype, ASR-33
OP20 Rack Cabinet, 70 in.
OP50 Keyboard and its control software
OP56 Program-controlled Anti-Alias Filter
OP57 High-speed Paper-Tape Reader (300 cps)
OTHER: See "Options," in Specifications

Description

FFT Processor Memory: None needed in the 1923/30 or
1923/50 systems. 4k standard with up to 16k optional in the
1923/70 or 1923/90.
Arithmetic: 16-bit, fixed-point for Fourier Transform; 32-bit
for Auto (power) Spectrum; double-precision selectable for
many operations.
Display: CRT, 8 x 10 cm, with optional storage capability,
completely and accurately calibrated by digital process with
panel indication of scales and units. ANALOG MODE: For
monitoring inputs and trigger conditions. SAMPLED INPUT
OR RESULT displays. LINEAR or LOG scales, either axis; ver
tical presents full 96-dB computational r"ange or choice of
two expanded ranges. COMPLEX DATA in choice of: Cartesian
Real and Imaginary, Polar Magnitude and Phase, Phase Plane
(real vs imaginary). VERTICAL EXPANSION: Linear scaling
or log range shift in 6-dB steps over full double-precision
range. HORIZONTAL EXPANSION: Any portion of full scale
range.
Multiple Frame Averaging, 1 to 16k frames or Continuous,
with pushbutton selection of: Uniform Weight Accumulation,
Exponential Decay of older results (with adjustable discount
factor), Normalizing if desired, Over-flow Protection and
Warning.
Options: There are over 60 standard options including tele
type, rack cabinet, keyboard, anti-alias filter, high-speed paper
tape reader, additional memory segments (for processor or
controller), special software, output devices, (such as X-Y
plotters, recorders, storage scope), magnetic tape or disk
units, etc.
Power: 110 to 125 or 220 to 250 V, 50 or 60 Hz.
Mechanical: WEIGHT: 1923/70/90, 1200 Ib (544 kg) net;
1923/30/50, 675 Ib (306 kg) net.
Warranty: Time/ Data products are warranted for parts, labor
and transportation during the first three months after cus
tomer acceptance.

1923/90

T/D 90A

1923/70

T/D 90CPDP-ll T/DFTE-I0

On-Line Input: Automatically set up and controlled by selected
operations. Buffered mode for continuous acquisition as
sumed unless inhibited. CONVERTERS: Parallel, two-channel
lO-bit A-D converters with input impedance of 1 Mn shunted
by <45 pF. SAMPLING: Simultaneous two-channel sampling
up to 102.4 kHz (50 kHz bandwidth per channel). ATIEN
UATORS: Calibrated in 1, 2,4 steps for ranges from ±0.1 V
to ±2 V. FEATURES: Ac/dc coupling. Over-range indication.
Programmable AntiAlias Filters (optional) automatically set
by selected bandwidth.
Control Modes: PANEL: A simple operation with pushbutton·
preselection of process parameters and complete operation
from input start to result display on a single execution com
mand. KEYBOARD (optional),. Operation for individual proc
ess steps and data manipulations. LEARNED PROGRAM:
For single-command execution of complex operational se
quences entered from the keyboard. Additional Keyboard
Functions: BLOCK (ARRAY) ARITHMETIC: Add, Subtract,
Multiply, Divide, Binary Scaling, Exponential Averaging all in
Real or Complex mode, single or double precision. INTE
GRATE/ DIFFERENTIATE. DECIMATE/ EXPAND. CONVER
SIONS: Linear/ Log, Polar/ Rectilinear. TRIG: Sine/cosine
tables available for manipulations. DIRECT CONVOLUTION.
Spectral Smoothing or time domain filtering with complex or
real modes
System Controller: DEC PDP-ll, 16-bit general-purpose com
puter with hardware multiply/ divide.
Controller Memory: 16-bit x 8k-word, standard (data area =
2k). Up to 28k-word, optional.
Hardware Processors:

1923/30 1923/50
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TID 1923V Digital
Vibration Control
System
• random, sine, and transient control

• computer-controlled tests

• automatic failure protection

• selectable frequency resolution
and bandwidth

• control dynamic range >60 dB

• automatic hard· copy documentation

Fast, accurate, versatile This system, by Time! Data,
represents the first major innovation in vibration testing
in over a decade. Until its introduction, a similar function
was performed by analog equipment consisting of a noise
generator, 80 parallel variable gain band pass filters for
shaping of the spectrum, and 80 identical filters for ob
taining an approximation to the spectrum of the observed
vibrations.

A new generation The T! D 1923V is a digital vibration
control system capable of random, sine, and transient
control. Its new digital control philosophy, combined
with a Fast Fourier Processor and selectable control strat
egies, assure no-compromise performance and utility.

Inherent in digital techniques is predictable, drift-free
performance. The computer controls the test automati
cally, eliminating human error. It monitors test results,
compares these to preset alarm and abort limits, and
executes a programmed test shutdown when necessary.
Immediately following the test, hard-copy documentation
is available automatically.

A new standard of performance Features such as:
• a 96-dB computational dynamic range
• fine resolution spectrum
• high-speed signal processing
• unique signal generating and control algorithms
Control accuracy of ±Vz dB over greater-than-60-dB

control dynamic range is now possible, with control loop
response time less than 1 second. This is made possible
by the T! D 90A Fast Fourier Processor. It calculates a
512-line spectrum from a 1024-sample data frame in only
12 milliseconds, yielding a real-time bandwidth of 40
KHz. This assures the maximum statistical accuracy in
the analysis and generation of the highest Q resonances
that are normally encountered in mechanical systems.

Unlike other compromise systems, the high speed of
the T! D 90A allows the generation and control of natural
random noise, with continuous spectrums, without the
undesirable periodicities that result in discrete spectral
lines.
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Versatility With the T! D 1923V:
• Frequency resolution and spectrum shape can be

specified over a wide range.
• Control strategy may be easily changed to suit chang

ing test requirements.
• Convertible within minutes to aT! D 1923 Time-Series

Analyzer which accommodates all types of signal
analysis.

• The T! D 90A can be interfaced to your central com
puter, to act as a peripheral processor when not in use
for vibration control or analysis.

• The DEC PDP-ll can be used as an independent gen
eral-purpose computer, when not in use for vibration
control or analysis.

Easyoperation Control of the system is through a user
oriented control panel. A Teletype and conversational
language are used for test setup. All necessary software
is provided, and no computer or programming kno~ledge

is necessary to operate the system. Manual override of
computer control is provided.

The 1923V Digital Vibration Control System synthe
sizes and controls the excitation for vibration testing. The
all digital system generates a random (Gaussian) se
quence of numbers that are converted to an analog signal.
The analog signal provides the excitation to a power
amplifier that in turn drives either an electromagnetic or
electrohydraulic shaker system. Additionally, the 1923V
controls the vibrations experienced by the test specimen
by comparing the spectrum of the observed vibrations
with a stored reference. The Gaussian signal is controlled
and synthesized in the frequency domain. The driving
signal is obtained through a discrete Fourier transform
performed by a high-speed special purpose Fast Fourier
Transform Processor. This also performs the spectral
analysis of observed vibrations.

.Description The standard T! D 1923 Time-Series An
alyzer comprises better than 95% of the hardware of the
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1923V system, excluding the shaker. A plug-in control
panel overlay is tailored to each version of the 1923.
Software represents the greatest difference between the
two systems. The RC-1 software package is designed for
random control; SC-1 and TC-1 for sine and transient con
trol, respectively. The TSA-1 analysis software package is
available as an option. Within minutes, the system can
be converted from a Vibration Control System to a com-
plete Time-Series Analyzer. .

I nlO&AQt COHTftOl. I •

Functional block diagram of vibration control system.

The Time Data 1923V is a complete digital vibration
control system for sine, transient, and random tests. Vi
bration transducers mounted on the test specimen pro
vide input signals through signal conditioning amplifiers,
computer-programmed attenuators, and a multiplexer if
necessary. The average level or the highest level from
each channel may be selected for control. Prior to analog
to-digital conversion, the signals are passed through low
pass anti-aliasing filters, also computer controlled.

The Power Spectral Density is calculated in the Fourier
Transform Processor with a choice of 64 to 512 filters

(optional to 2048) based on the required control resolu
tion. System control bandwidth is selectable up to a
5 kHz frequency range. The Fourier spectra produced
are similar to the output of a conventional parallel filter
set in an analog control system, except that the digital
system yields accuracy and stability heretofore unobtain
able: for example, a ripple factor of ±0.01 dB!

Continuous PSD calculations are made. The reference
PSD is compared to the actual PSD in the computer, and
a correction is made of the spectral content of the new
input excitation. The statistical characteristics of the
random test signal are selectable - either to duplicate
the natural Gaussian-distributed noise of conventional
analog control systems or to produce a zero-variance
random test signal, allowing a much faster loop response
time. The test engineer also has the choice of combining
both types of noise during a test to give a "coarse" and
"fine" control range. The use of zero-variance noise per
mits, for the first time:

• Valid short-term testing, enabled by rapid stabilization
of test conditions.

• Simulation of rapidly changing environments, such as
might be experienced in a missile being launched.

The Shaker drive signal from the shaped-spectrum
noise generator is provided to the power amplifier through
a digital-to-analog converter and programmable attenu
ators. For all tests, a greater-than-60-dB control dynamic
range is available. Concurrent with the generation of the
shaker input signal, the system calculates the PSD of
the control signal and stores it in the computer - both
as a time-weighted average PSD for control purposes and
as a total accumulated PSD for the final test record. Dur
ing the test, a real-time CRT display allows monitoring
the degree of compliance of the control PSD to the refer
ence PSD.

Auto Spectrum Analysis. (2) Concurrent second-channel Cross
Spectrum and Transfer Function Analyses.
Sine Control Performance: FREQUENCY: Range, 0.5 Hz to
5 kHz; accuracy, within 0.2%; resolution, 0.1% over the fre
quency range. HARMONIC DISTORTION: Less than 1%.
SWEEP (Logarithmic): Rate, 0.01 to 10.0 octaves/ minute;
resolution, 0.1%. CONTROL: Dynamic Range, > 60 dB.
Modes: Acceleration, Velocity, or Displacement. OPTIONS:
Resonant Dwell; Concurrent Co-Quad Analysis.
Transient Control Performance: The measured transfer func
tion of the system under test is used to synthesize a shaker
excitation pulse that will produce the desired shock waveform
at the test specimen.
Control: Provided by user-oriented control panel. Functions
include full array of test controls, display controls, back-lighted
system status messages, manual override, and selection of
input and output voltage levels.
System Setup: Through Teletype, with conversational language
for all test parameters, alarm limits, and abort limits. Test
parameters are displayed on Teletype or on CRT in alpha
numerics.
Data Output: The system includes CRT display and X-Y-plotter
outputs.
Optional Analysis Mode: The system can provide you with the
complete T/D 1923 analysis capability after a change of the
control console overlay panel and loading a suitable program
from appropriate software. (See TID 1923 for performance
capabilities and specifications.)
Warranty: Time/ Data products are warranted for parts, labor
and transportation during the first three months after cus
tomer acceptance.

0.2S
0.5
1.0
2.5

sign), up to

Standard Optional

Number of Frequency Lines

SPECIFICATIONS
Analog Data Input: VOLTAGE LEVEL: Selectable for full-scale
range of ±0.1, 0.2, 0.4, 1, or 2 V. RANGE: Remotely program
mable attenuator covering 60-dB range (l000:1) with 0.1%
(lO-bit) resolution. RESOLUTION (Filter Bandwidth in Hz):

Freq uency Ra nge 1-=6...:.4---!_12_8--l._2-;::S6-:-::-l-=,S.,...I.,...2~:71_0_24_,--2_0_48__
Resolution (Hz)

Dc to sao Hz 8 2 1 0.5
Dc to 1000 Hz 16 4 2 1
Dc to 2000 Hz 32 8 4 2
Dc to SOOO Hz 80 40 20 10 S

A/ D CONVERTER: lO-bit accuracy (including
100,000 samples/ s rate.

Digital Processor: Digital Equipment Corporation PDP-H.
PROCESSING WORD SIZE: 16 bits. READ/WRITE MEMORY:
8,192 words standard, expandable to 28,672 words, or op
tionally to 124k words. MEMORY SPEED: Full cycle in 1.2 p.S.

Advanced hardware architecture.
Fourier Processor: Time/ Data 90A. PROCESSING WORD
SIZE: 16 bits. DATA MEMORY SIZE: 4,096 words, expandable
to 8,192 words; 900-ns cycle time. SINE/COSINE MEMORY:
self-contained in read-only memory with 50 ns access time.
PROCESSING TIME: 12 ms for a 1024-real-word Fourier Trans
form or Auto Spectrum. CALCULATION DYNAMIC RANGE:
For Fourier Transform, 16 bits or 96 dB. For Auto Spectrum,
32 bits or 96 dB.
Random Control Performance: CONTROL ACCURACY and
CORRECTION SPEED: :to.5 dB in less than 1.0 s over a 60-dB
dynamic range. OPTIONS: (1) Concurrent second-channel
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Test-System Building Blocks

GR 1311-A

2 Hz-2 MHz

GENERAL RADIO 1973 CATALOG

Oscillator filters, amplifies, isolates, multiplies frequency

With a unique type of amplitude regulator circuit,2 the
output of an RC oscillator is held very constant, regardless
of changes in the output frequency. This regulator circuit
operates without increasing distortion, and the output is
so constant that an analog voltmeter will not move as the

. frequency is changed, providing that the oscillator is
properly terminated so reactive loading effects are in
significant.

I See GR Instrument Note IN-109, "Principles and Applications of RC
Oscillator Synchronization," 1966.

2 R. E. Owen, "Solid State RC Oscillator Design for Audio Use," Jour·
nal of the Audio Engineering Society, January 1966, available from GR
as reprint A-125.
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Low-Frequency Oscillators

74 LOW-FREQUENCY OSCILLATORS

General Radio's low-frequency oscillators are of the RC
Wien-bridge type, which, when designed using modern
solid-state devices, can provide a combination of wide
frequency range, low noise distortion, and stable output
in a reliable and inexpensive instrument.

In the Wien-bridge oscillator the frequency is deter
mined by passive resistors and capacitors; both can be
made very stable with time and temperature. Tuning is
accomplished with a variable air capacitor, which pro
vides continuous adjustment without jumps, or with
switched resistances that vary frequency in discrete
steps. Both offer advantages, depending upon the appli
cation: infinite resolution or fast, ~epeatable frequency
selection.

For greater frequency stability, the oscillator can have
its frequency locked to an external signal by means of a
synchronlzation input. All the oscillator's output charac
teristics are maintained and the long-term frequency sta
bility is the same as the external signaL' By this means,
also, the oscillator can filter out noise and distortion in
an applied signal, while providing the output amplitude
and shortability of the normal oscillator. Short-term fre
quency instability or jitter can be reduced also.



Constant output voltage vs frequency change

The oscillator output may be made available through
a constant-impedance attenuator, a tapped transformer,
or a combination. The constant-impedance attenuator is
most commonly used because of its convenience in the
control of loading effects - cable-capacitance shunting
or low-impedance loads, for example.

Also convenient is an attenuator position that removes
the oscillator voltage yet maintains the output impedance.
Thus you can set the output to zero without changing the
variable control or shorting shielded connections. Since
the impedances all remain the same, effects of ground
loops and other noise sources are unchanged, while you
verify that they are negligible (or analyze them for correc
tive action) with the oscillator output removed.

Using sync output

The distortion in the output of a solid-state RC oscilla
tor can be quite low with a properly designed amplitude
regulator. It will be lowest in the middle of it~ frequency
range and increase at the extremes in a manner similar
to many devices apt to be tested.

§ J'~
ii

"'-... /''- .~.~._-_.-

FREQUENCY

Distortion is lowest at frequencies that matter most

Transformer-output circuitry offers a selection of out
put impedances for maximizing power into a load or for
maintaining a sinusoidal current or voltage with nonlinear
loads. Further, transformers provide isolation of the out
put for ungrounded or balanced operation and a low-im
pedance dc path through the source.

The synchronization jack (when not used as an input)
also provides an output of the order of one volt, a con
venience for triggering a counter or an oscilloscope. This
auxiliary output is independent of the main-output level
setting.

ZerlHlutput position on attenuator

Maintaining low distortion under all load conditions is
desirable and is made practical with solid-state design.
Output waveform will not be clipped even when short
circuited at maximum output.

No clipping of output current, even into a short circuit

These many features have been combined in the oscil
lators described in the following pages. The combination
in each case attempts to satisfy the requirements of broad
application areas. As the chart below reveals, frequency
range alone is not the greatest distinction between them.

TYPE GR OSCILLATORS

1308 200W

1311 -- - - -- IW

1310 160mW

1312 f60mW

1309 IOmW

IH, 10 100 1kHz 10 100 IMHz
FREQUENCY
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1308-A Audio Oscillator and Power Amplifier
• 200-VA output, up to 400 V or 5 A

• 20 Hz to 20 kHz

• output transformer

The 1308-A Audio Oscillator and Power Amplifier is an
ac power source covering the audio range. It is an excel
lent power source for the 1633-A Incremental-Inductance
Bridge. Its low dynamic output impedance enhances its
usefulness as a power source for general testing over a
wide range of supply frequencies. This instrument will
provide a low-distortion signal for nonlinear loads, such

as capacitor-input rectifier systems, without clipping. It
can also be used to drive small shake tables and to isolate
sensitive equipment from power-line transients.

The 1308 also finds many uses as an audio-frequency
power amplifier. When it is used with the 1396 Tone
Burst Generator, high-power tone bursts are provided for
testing sonar projectors, amplifiers, etc.

This instrument combines a capacitor-tuned, Wien
bridge oscillator, a low-distortion power amplifier, and a
tapped output transformer. The output is monitored by
an overload circuit, which turns off the output when it
starts to exceed safe limits.
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Hum: <0.3% of max output.
Meters: Indicate output terminal voltage and current.

Voltmeter: 5, 15,50, 150, and 500 V±3% full scale.
Ammeter: 0.016, 0.05, 0.16, 0.5, 1.6, and 5 A ±3% f s.

Overload Protection: Electronic overload trips at approx 1.5 x
max of current range (manual reset), thermal cut-out on tran
sistor heat sink (automatic reset).
Amplifier Sensitivity: ";;2.0 V for full output.
Input Impedance: 10 kfl.
Terminals: Output, GR 938 Binding Posts and four-terminal
socket on rear panel; input, GR 938 Binding Posts on rear
panel.
Supplied: Four-terminal plug, power cord.
Power: 105 to 125 or 210 to 250 V, 50 to 60 Hz, 70 to 500 W,
depending on load.
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x7x16.25 in. (483x178x413 mm); rack, 19x7x15 in.
(483x178x381 mm). WEIGHT: 91 Ib (42 kg) net, 145 Ib
(66 kg) shipping.

SPECIFICATIONS

Frequency Range: 20 Hz to 20 kHz in 3 ranges_ CONTROLS:
Continuously adjustable main dial covers decade range in
157.5°, vernier in 2 turns.
Accuracy: ±3% of setting or ±1 Hz, whichever is greater.
Frequency Stability (typical at 1 kHz): Warmup drift at full
load, 0.3%. After warmup: 0.003% short term (10 min),
0.03% long term (12 h), 0.04% from no load to full ioad.
Output Voltage Ranges: Max of 4, 12.5, 40, 125, and 400 V
open circuit, continuously adjustable from 0 to max.
Output Power: 200 VA max, 50 Hz to 1 kHz. CURRENT
RANGES: Max of 0.016,0.05,0.16,0.5, 1.6, and 5.0 A.
Regulation: <20%, no load to full load, 20 Hz to 1 kHz. Out
put impedance is typically 0.3, 0.8, 1.6, 19, and 220 n, de
pending on voltage range, 20 Hz to 1 kHz. Output transformer
can pass dc current equal to max of ac current range. Output
isolated from ground.
Load Impedances: Short circuit or non-linear loads can be
driven. Load impedances of 0.8, 2.5, 8, 80, or 800 n, depend
ing on voltage range, are optimum for max available power.
LOAD POWER FACTOR: Continuous operation at max VA for
any power factor 0 to 1 with ambient up to 25°C. Power factor
of 0.7 to 1.0 for continuous operation to 40°C ambient. Inter
mittent operation to 50°C.
Distortion (linear load): <1%,100 Hz to 10 kHz; <2%, 50 Hz
to 100 Hz at max power and 115-V supply.

Description

1308·A Audio Oscillator and Power Amplifier

115-V Bench Model
115-V Rack Model
230-V Bench Model
230-V Rack Model

Catalog
Number

1308-9801
1308-9811
1308-9802
1308-9812
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1309-A Oscillator
Attenuation: Continuously adjustable attenuator with >20-dB
range, and 60-dB step attenuator with 20 ±0.2 dB per step and
a zero-volt position with 600-n output impedance maintained.
Distortion: <0.05%, 200 Hz to 10 kHz, increasing to <0.25%
at 10 Hz and 100 kHz, into open circuit or 600-n load. (See
curve.)
Hum: <50 p.V independent of attenuator setting «0.001% of
fu II output).
Sine Amplitude vs Frequency: ±2% for loads of ;'600 n.
Synchronization: Constant-amplitude (1.5-V), high-impedance
02-kn} output to drive counter or oscilloscope.
Square-Wave Output: VOLTAGE: >+5.0 V pk-pk open circuit.
Dc-coupled output. IMPEDANCE: 600 n. One terminal
grounded. RISE TIME: <100 ns into 50-n load. Typically 40
ns at full output. SYMMETRY: ±2% (48 to 52% duty ratio).
ATIENUATION: Continuously adjustable attenuator with >20
dB range.
Terminals: Output, GR 938 Binding Posts; sync, side-panel
telephone jack.
Available: ADAPTOR CABLE 1560-P95 (telephone plug to
double plug), 0480-9838 SET to rackmount 1309 alone, 0480
9880 SET to rackmount 1309 side-by-side with same-size
instrument such as the 1310 Oscillator, 1369 Tone-Burst Gen
erator, or 1232 Amplifier-Detector.
Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 6 W.
Mechanical: Convertible-bench cabinet. DIMENSIONS (wx
hxd): 8x6x8.13 in. (204x153x207 mm). WEIGHT: 7 Ib (3.1
kg) net, 9 Ib (4.1 kg) shipping.
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The 1309-A is particularly well suited for distortion
measurements, in addition to its obvious value as a gen
eral-purpose laboratory oscillator. Distortion, noise, and
hum are exceptionally low, and output is flat over the
entire frequency range.

The output attenuator can be set for zero volts behind
600 ohms, a useful condition for measuring low-level
noise and extraneous signals.

A square wave with 40-ns rise time is also available for
transient-response tests. The waveform has good sym
metry at all frequencies and no low-frequency tilt.

• 10 Hz to 100 kHz

• 0.05% distortion

• 5-V sine- or square-wave output

• 60-dB step attenuator

Tf:lird-harmonic distortion

(Left) 10 kHz suare-wave into 50 ohms. 50 nsl diY, horiz. (Right) Direct
coupled 10-Hz, square-wave. Note flat top. 10 ms/div, horiz.

SPECIFICATIONS
Frequency Range: 10 Hz to 100 kHz in 4 decade ranges. Over
lap between ranges, 5%.
Accuracy: ±2% of setting.
Stability (typical at 1 kHz): Warmup drift, 0.3%. After warm
up: 0.001% short term 00 min}, 0.01% long term 02 h).
Controls: Continuously adjustable main dial covers decade
range in 305 0

, vernier in 4 turns.
Synchronization: Frequency can be locked to external signal.
Lock range ±3% per volt rms input up to 10 V. Frequency dial
functions as a phase adjustment.
Sine-Wave Output Voltage: 5.0 V ±5% open circuit. POWER:
>10 mW into 600 fl. IMPEDANCE: 600 fl. One terminal
grounded.

Description

1309-A Oscillator 0
1560-P95 Adaptor Cable
480-P308 Rack-Adaptor Set
480 Rack-Adaptor Set

Catalog
Number

1309-9701
1560-9695
0480-9838
0480-9880

o Federal stock numbers are listed before the Index.
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1310-8 Oscillator

Note: This product is manufactured also in Europe.

• 2Hz to 2 MHz

• 20-V, constant output, ±2%

• 0.25% distortion

Catalog
Number

1310-9702
1310·9703
1310·9704
1560-9695

0480-9838
0480-9880

Description

1310-B Oscillator
115-V Model
220-V Model
230-V Model

1560·P95 Adaptor Cable
480-P308 Rack-Adaptor Set
480 Rack-Adaptor Set

SPECIFICATIONS
Frequency Range: 2 Hz to 2 MHz in 6 decade ranges. Overlap
between ranges, 5%.
Accuracy: ±3% of setting.
Stability (typical at 1 kHz): Warmup drift, 0.1 %. After warm
up: 0.003% short term (10 min), 0.03% long term (12 h).
Controls: Continuously adjustable main dial covers decade
range in 305°, vernier in 4 turns.
Synchronization: Frequency can be locked to external signal.
Lock range ±3% per volt rms input up to 10 V. Frequency dial
functions as phase adjustment.
Output Voltage: 20 V open circuit, nominal.
Power: ;;'160 mW into 600 n.
Output Impedance: 600 n. One terminal grounded.
Attenuation: Continuously adjustable attenuator with >46-dB
range.
Distortion: <0.25%, 50 Hz to 50 kHz with any linear load.
Oscillator will drive a short circuit without clipping.
Hum: <0.02%, independent of attenuator setting.
Amplitude vs Frequency: ±2%, 20 Hz to 200 kHz, into open
circuit or 600-n load.
Synchronization: Constant-amplitude (0.8-V), high-impedance
(27-kn) output to drive counter or oscilloscope.
Terminals: Output, GR 938 Binding Posts; sync, side-panel
telephone jack.
Available: ADAPTOR CABLE 1560-P95 (telephone plug to
double plug); 0480-9838 SET to rackmount 1310 alone; 0480
'9880 SET to rackmount 1310 side-by-side with same-size
instrument such as the 1309 Oscillator, 1369 Tone-Burst Gen
erator, or 1232 Amplifier-Detector.
Power: 105 to 125, 195 to 235, or 210 to 250 V, 50 to 400 Hz,
12 W.
Mechanical: Convertible-bench cabinet. DIMENSIONS (wx
hxd): 8x6x8.13 in. (204x153x207 mm). WEIGHT: 7.75 Ib
(3.6 kg) net, 10 Ib (4.6 kg) shipping.
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The superior characteristics of this oscillator make it
an exceptionally useful laboratory signal source.

Constant output over a very wide frequency range facil
itates frequency-response measurements.

High-resolution dial and exceptional amplitude and fre
quency stability are important for measurements of filters
and narrow-band devices..

Equally useful in 600-ohm and 50-ohm circuits, since
distortion is independent of load, even a short circuit.

When phase-locked to a frequency standard, the oscil
lator can deliver a high-level standard-frequency output
with adjustable amplitude and low distortion.

Description A capacitance-tuned, RC Wien-bridge os
cillator drives a low-distortion output amplifier, which iSQ
lates the oscillator from the load and delivers a constant
voltage behind 600 ohms. All solid-state circuits ensure
long, trouble-free life.

A jack is provided for introduction of a synchronizing
signal for phase locking or to furnish a signal, independ
ent of the output attenuator setting, to operate a counter,
or to synchronize an oscilloscope or another oscillator.
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1311-A Audio Oscillator
Stability (typical at 1 kHz): Warmup drift, 0.3%. After warm
up: 0.008% short term (10 min), 0.02% long term (12 h).
Synchronization: INPUT: Frequency can be locked to external
signal. Lock range, ±3% per volt rms up to 10 V. The.M
control functions as a phase adjustment. OUTPUT: Constant
amplitude (1 V) to drive counter or oscilloscope. Source
impedance 4.7 kn. .
Output level: VOLTAGE: Continuously adjustable from 0 to 1,
3, 10, 30, or 100 V open circuit (Eoe), dependent on setting of
5-position output switch. CURRENT: Continuously adjustable
from 0 to 40, 130, 400, 1300, or 4000 mA, into approx short
circuit (I.e). POWER: >1.0 W into matched load, >0.5 W into
any resistive load between 80 mn and 8 kn.

Output Impedance: One to three times ~.e , depending on out-
put amplitude. Output ungrounded. .e
Distortion: <0.5% with any linear load. Oscillator will drive a
short circuit without clipping.
Hum: <0.01%, independent of output setting.
Terminals: Output, GR 938 Binding Posts and ground termi
nal with shorting link; sync, telephone jack on side panel.
Available: ADAPTOR CABLE 1560-P95 (telephone plug to
double plug), 0480-9838 SET to rackmount 1311-A alone,
0480-9880 SET to rackmount 1311-A side-by-side with same
size instrument such as 1310 Oscillator, 1369 Tone-Burst
Generator, or 1232 Amplifier-Detector.
Power: 105 to 125 or 210 to 250 V, 50 to 400 Hz, 22 W.
Mechanical: Convertible-bench cabinet. DIMENSIONS (wx
hxd): 8x6x7.75 in. (204x153x197 mm). WEIGHT: 6 Ib (2.8
kg) net, 9 Ib (4.1 kg) shipping.
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• 50 Hz to 10kHz, discrete frequencies

• 1 W, 100-V or 4-A output

• transformer output

~ .
~.-

Typical output characteristics

The 1311 oscillator offers high-power output and load
matching through a multitap output transformer that en
sures at least V2 watt into any load from 0.08 to 8000
ohms. Thus, it is ideal for driving impedance bridges
where high sensitivity is required at extreme measure
ment limits and for driving directly such low-impedance
devices as acoustic transducers. For bridge measure
ments, the shielded output-transformer secondary mini
mizes circulating ground currents. The 1311 is supplied
in an assembly with the 1232 Tuned Amplifier and Null
Detector as the 1240 Bridge Oscillator-Detector. The
1311 is also included in several GR impedance-measuring
systems.

SPECIFICATIONS Description
Catalog
Number

Frequency Range: 50 Hz to 10 kHz. Eleven fixed frequencies,
50, 60, 100, 120, 200,400, and 500 Hz, I, 2, 5, and 10 kHz.
One other frequency can be added at an unused switch posi
tion. A tot control provides ::!:2% continuous adjustment.
Accuracy: ::!:1% of setting with at control at zero.

1311·A Audio Oscillator

115-V Model 0
230-V Model

156O·P95 Adaptor Cable

480-P308 Rack·Adaptor Set

480 Rack-Adaptor Set

1311-9701

1311·9702

1560-9695

0480-9838

0480-9880

<§ Federal stock numbers are listed before the Index.
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Random-Noise Generators
Electrical noise is,. by definition, any unwanted disturb

ance and Its reduction in communications circuits is a
constant. aim of the engineer. Noise from a controlled
source, however, is useful in studying the effectiveness
of systems for detecting and recovering signals in noise.
Well defined random noise is, moreover, a remarkably
useful test signal that has, for many measurements, prop
erties that are more useful than those of a single-fre
quency signal. Its wide spectrum sometimes permits one
test with random noise to replace a series of single-fre
quency tests. Noise is also useful in simulating speech,
music, or communications circuit traffic.

Noise is called random if its instantaneous amplitude
at any future instant is unpredictable. Random noise is
specified by its amplitude distribution and by its spec
trum. Many types of naturally occurring electrical noise
have the same distribution of amplitudes as do errors that

2 Hz

normally occur in experimental measurements - the nor
mal or Gaussian distribution. In general-purpose noise
generators the design objective is random noise that is
Gaussian and has' a uniform spectrum level over the spe
cified frequency range.

The General Radio random-noise generators produce
electrical noise at high output levels, each model having
been designed for specific uses. The 1381 is useful for
many audio-frequency applications, and also in vibration
testing as its spectrum extends well into the subaudio
range. The 1382 is intended for audio-frequency electri
cal, acoustical, and psychoacoustical. applications. The
1390-B is useful at higher frequencies because its spec
trum extends to 5 MHz. The 1383 generates wide-band
noise of uniform spectrum level and is particularly useful
for tests in video- and radio-frequency systems.

1381 Provides white
5 Hz noise spectrum from

2 Hz to 2 kHz, 5
20 Hz kHz, or 50 kHz with

variable output up
to 3 V rms open
circuit.

50 kHz

5 MHz

20 MHz

1390-8 Provides
white or pink noise
spectrum from 5 Hz
to 20 kHz, 500 kHz,
or 5 MHz with vari
able output up to 3
V rms open-circuit.

1382 Provides
white, pink, or ANSI
noise spectrum with
variable output up
to 3 V rms.

1383 Provides white
or pink noise spec
trum from 20 Hz to
20 MHz with cali
brated outputs from
30 }LV to 1 V rms
open-ci rcu it.

13.81 and 1382 Random-Noise Generators
GR 1381

• 2 Hz to 2, 5, or 50 kHz, Gaussian distribution

• adjustable clipping

• 3-V rms output

GR 1382

• 20 Hz to 50 kHz, Gaussian distribution

• white, pink, or ANSI spectra

• 3-V rms output, balanced, unbalanced, or floating

Predictably random The 1381 and 1382 are compan
ion instruments that generate truly random noise from
a semiconductor source. Special precautions are taken
to ensure a symmetrical, Gaussian amplitude distribu
tion. Output level is adjustable from below 3 millivolts
to 3 volts rms behind a 600-ohm source impedance.
Each model is constructed in a 3112-inch-high, half-rack-

GENERAL RADIO 1973 CATALOG

width cabinet, convenient for bench use and two can be
mounted side-by-side in a relay rack.

Either of these noise generators can be used for simu
lation of noise in signal paths, as test-signal sources, or
for demonstrations of statistical and correlation princi
ples. The different features of the two offer a choice to
match your needs.

lowest frequency The 1381 generates noise that is
flat down to 2 Hz and is intended for random-vibration
tests and for general-purpose use in the audio and sub
audio range. The upper-frequency limit (at -3 dB) can
be switched to 2, 5, or 50 kHz. The output signal can be
clipped symmetrically at 2, 3, 4, or 5 times the rms
amplitude.

Pink or white The 1382 generates noise in the 20-Hz
to 50-kHz band and is intended for electrical, acoustical,
and psycho-acoustical tests. It offers three spectra, white
(flat), pink (-3 dB per octave), and ANSI (see specifica
tions). The output can be taken balanced or unbalanced,
floating or grounded.
-See GR Experimenter for January 1968 and March-April 1969.
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GR 1381 GR 1382

Catalog
Number

1381-9700
1381-9701
1382-9700
1382-9701

Description

Random·Noise Generator
1381 (2 Hz to 50 kHz), Bench
1381 (2 Hz to 50 kHz), Rack
1382 (20 Hz to 50 kHz), Bench
1382 (20 Hz to 50 kHz), Rack

Clipping: The output of the 1381 can be clipped internally to
remove the occasional wide extremes of amplitude. Clipping,
if desired, is adjustable to approx 2, 3, 4, or 5CT. Such clip
ping has negligible effect on the spectrum or the rms ampli
tude.
Output: VOLTAGE: >3 V rms max, open-circuit, for any band
width. CONTROL: Continuous adjustment from that level
down approx 60 dB. IMPEDANCE: 600 fl. Can be shorted
without causing distortion. 1381 output is unbalanced; 1382
output is floating, can be connected balanced or unbalanced.
TERMINALS: 1381 output at front-panel binding posts and
rear-panel BNC connector: 1382 output at front-panel binding
posts and rear-panel jacks for double plugs.
Supplied: Power cord, rack-mounting hardware with rack
models.
Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 6 W.
Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): Bench, 8.5x3.87x9.87 in. (216x98x250 mm); rack,
19x3.5x9 in. (483x89x229 mm). WEIGHT: 7 Ib (3.2 kg) net,
10 Ib (4.6 kg) shipping.0.0796 ± 0.005

0.0484 ± 0.005
0.0108 ± 0.003
0.000898 ± 0.0002
0.0000274 ± 0.00002

Amplitude-Density
Distribution of 1381/1382

0.0796
0.0484
Om08
0.000898
0.0000274

Gaussian Probability
Density Function

o
±"
±2"
±3"
±4a

Voltage

Waveform:

These data measured in "windows" of 0.2", centered on the indicated
values of voltage: " is the standard deviation or rms value of the
noise voltage.

1381 and 1382 Random-Noise Generators (Cont.)
SPECIFICATIONS

Spectrum of 1381: SHAPES: Flat (constant energy per hertz
of bandwidth) ±1 dB from 2 Hz to half of cutoff. CUTOFF
FREQUENCY (down 3 dB): 2, 5, or 50 kHz, selected by switch.
SPECTRAL DENSITY, at 3-V output level and for I-Hz band
width: 64, 40, and 13 mY, approx, respectively for upper cut
off frequencies of 2, 5, and 50 kHz. SLOPE of amplitude vs
frequency above upper cutoff: 12 dB/octave. See graph.
Spectrum of 1382: Choice of 3 shapes. WHITE NOISE (flat
spectrum, constant energy per hertz bandwidth): ±1 dB 20
Hz to 25 kHz, with 3-dB points at approx 10 Hz and 50 kHz;
PINK NOISE (constant energy per octave bandwidth): ±1 dB,
20 Hz to 20 kHz; or ANSI NOISE, as specified in ANSI Standard
Sl.4-1961. See graph.
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1383 Random-Noise Generator

FREOUENCY

Typical spectrum of 1383 Random-Noise Generator output: energy-per
Hz bandwidth vs frequency.
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This instrument generates wide-band noise of uniform
spectrum level, particularly useful for tests in video- and
radio-frequency systems.

The maximum output is one volt open circuit from a
50-ohm source. An 8-step attenuator of 10 dB per step
permits reduction of the output level to 30 p.V.
Use the 1383 as a broad-band noise source for
• intermodulation and cross-talk tests
• simulation of noise in carrier systems
• noise-interference tests in radar and telemetry
• determining noise bandwidth
• measuring noise figure
• setting transmission levels in communication circuits
• statistical demonstrations in classroom and lab
• determining meter response characteristics
• measuring noise temperature
- See GR Experimenter for March-April 1969.

• 20 Hz to 20 MHz, ±1.5 dB

• 30-ftVto 1-Voutput, open-circuit

• 50-ohm output impedance

• meter and 10-dB-per-step attenuator

o 0.0796 0.0796 ± 0.005
±oo 0.0484 0.0484 ± 0.005
±2oo 0.0108 0.0108 ± 0.003
±3oo 0.000898 0.000898 ± 0.0003

(00 is the standard deviation or rms value of the noise voltage.)

SPECIFICATIONS
Spectrum: Flat (constant energy per hertz of bandwidth) ±1
dB from 20 Hz to 10 MHz, ±1.5 dB from 10 MHz to 20 MHz.
Waveform: Table shows amplitude-density-distribution specifi
cations of generator compared with the Gaussian probability
density function, as measured in "windows" of 0.200, centered
on the indicated values of voltage:

step. METER: Indicates open-circuit output voltage ahead of
50 fl. IMPEDANCE: 50 fl. Can be shorted without causing
distortion. TERMINALS: GR874® coaxial connector that can
be mounted on either front or rear panel.
Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 40 W.

Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): Bench, 17x3.87x12.75 in. (432x98x324 mm); rack, 19x
3.5xlO.75 in. (483x90x273 mm). WEIGHT: 14 Ib (6.5 kg)
net, 21 Ib (10 kg) shipping.

Voltage
Gaussian Prob.
Dens. Function

Amplitude-Density Dist. of
1383 Random-Noise Gen.

Description
Catalog
Number

Output: VOLTAGE;"1 V rms open circuit, at full output. CON
TROL: Continuous control and 8-step attenuator of 10 dB!

1383 Random-Noise Generator
Bench Model
Rack Model

1383-9700
1383-9701
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Random-Noise Generator with Pink-Noise Filter plugged in.

1390-8 Random-Noise Generator
• 5 Hz to 5 MHz

• 30 p,v to 3 V

• ±1-dB audio-spectrum-Ievel uniformity

This instrument generates wide-band noise of uniform
spectrum level, particularly useful for noise and vibration
testing in electrical and mechanical systems, The noise
output of a gas-discharge tube is amplified and shaped
with low-pass filters to provide wide spectral ranges with
upper cutoff frequencies of 20 kHz, 500 kHz, and 5 MHz.

The output level is controlled by a continuous atten
uator followed by a 4-step attenuator of 20 dB per step
and is metered from over 3 volts to below 30 microvolts.
When the attenuator is used, the output impedance re
mains essentially constant as you change the output
level.

Frequency response Drive your device under test with
the 1390-B and analyze output with any of several GR
analyzers, manually or with a graphic level recorder. In
contrast with the usual swept-single-frequency methods,
this one makes your DUT handle a wide spectrum simul
taneously. The distinction may be significant if the DUT
is nonlinear.

84 NOISE GENERATORS

Use the 1390-8 as a broad-band signal source for:

• frequency response
• intermodulation and cross-talk tests
• simulation of telephone-line noise
• measurements on servo amplifiers
• noise interference tests on radar
• determining meter response characteristics
• setting transmission levels in communication circuits
• statistical demonstrations in classroom and lab

Make acoustic measurements:

• frequency response
• reverberation - use 1390-B with a GR analyzer as

source of narrow-band noise
• sound attenuation of ducts, walls, panels, or floors
• acoustical properties of materials
• room acoustics

Use it with an amplifier to drive:
• a loudspeaker for structural fatigue tests in high-level

acoustic fields
• a vibration shake-table
- For more information, request GR Reprint E-lIO.
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SPECIFICATIONS
Frequency Range: 5 Hz to 5 MHz.
Output: VOLTAGE: Max open-circuit output is at least 3 V for
20-kHz range, 2 V for 500-kHz range, and 1 V for 5-MHz range.
IMPEDANCE: Source impedance for max output is approx
900.n. Output is taken from a 2500-.n potentiometer. Source
impedance for attenuated output is 200.n. One output ter
minal is grounded.
Spectrum: See spectrum-level curves and following table.
Note: Spectrum level is shown with constant-Hz-bandwidth
analysis, "white" noise being ideally flat. (Pink noise would
slope down at 10 dB per decade.)

Range
Typical Spectrum Level

(With I-V rms output) Spectrum Level Uniformity'

Waveform: Noise source has good normal, or Gaussian dis
tribution of amplitudes for ranges of the frequency spe~trum
that are narrow compared with the band selected. Over wide
ranges the distribution is less symmetrical because of dis
symmetry introduced by the gas tube. Some clipping occurs
on the 500-kHz and 5-M Hz ranges.

Voltmeter: Rectifier-type averaging meter measures output.
It is calibrated to read rms value of noise.

Attenuator: Multiplying factors of 1.0, 0.1, 0.01; 0.001, and
0.0001. Accurate to ±3% to 100 kHz, within ±10% to 5 MHz.

Available: Rack-adaptor set (l9x7 in.); 1390-P2 PINK-NOISE
FILTER.

Catalog
Number

139().9702
1390-9703

0480-9842

Description

1390-8 Random-Noise Generator
115-V Model 0
230-V Model

Rack Adaptor Set (7 in.)

Power: 105 to 125 or 210 to 250 V, 50 to 400 Hz, 50 W.

Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): Bench, 12.75x7.5x9.75 in. (324x191x248 mm).
WEIGHT: 12 Ib (5.5 kg) net, 16 Ib (7.5 kg) shipping.
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Typical spectrum-level characteristics.
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within ±1 dB, 20 Hz to 20 kHz
within ±3 dB, 20 Hz to SOD kHz
within ±3 dB, 20 Hz to 500 kHz
within ±8 dB, 500 kHz to 5 MHz

• Noise energy also beyond these limits. Level is down 3 dB at 5 Hz.
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(Al Output (white noise) of the 1390-B Random-Noise Generator and
(B) output (pink noise) after filtering by the 1390-P2 Pink-Noise Filter, as measured by a one-third-octave band analyzer.

1390-P2 Pink-Noise Filter

When white noise is used for frequency-response meas
urements in conjunction with a constant-percentage
bandwidth analyzer (such as the GR 1564-A Sound and
Vibration Analyzer or 1568-A Wave Analyzer), the ampli
tude-frequency' characteristic of a flat system appears to
slope upward with increasing frequency at a rate of 3 dB

per octave, owing to the constantly increasing bandwidth
(in hertz) of the analyzer. The 1390-P2 converts the
audio-frequency output of the 1390-B from white noise to
pink noise, which has constant energy per octave. Thus it
flattens the response curves made with a constant-per
centage-bandwidth analyzer. _

from 6.5 kn + load resistance at zero frequency to 6.7 kn at
high frequencies. -

Output Impedance: The filter should not be operated into a
load of less than 20 kn. Internal output impedance is variable
from 6.5 kn + source resistance at low frequencies to approx
200 n at high frequencies.
Max Input Voltage: 15 V rms.

Terminals: Input terminals are recessed banana pins on %-in.
spacing at rear of unit. Output terminals are jack-top binding
posts with %-in. spacing.

Mechanical: Plug-in unit housing. DIMENSIONS (wxhxd): 1.38x
5x2.87 in. (35x127x73 mm). WEIGHT: 6 oz (0.2 kg) net
4 Ib (1.9 kg) shipping. '

SPECIFICATIONS

Frequency Response: Sloping -3 dB per octave from 20 Hz to
20 kHz, -6 dB per octave above 20 kHz. Output voltage is
approx -5 dB with respect to the input voltage at 20 Hz and
-35 dB at 20 kHz. It lies within 1 dB of the straight line con
necting these two points on a graph of Otltput in decibels vs log
frequency.

Over-all Output Level: When the filter is used with the random
noise generator set for the 20-kHz range, the output voltage of
the filter is approx 30 dB below its input, and the voltage level
in each one-third-octave band is approx 17 dB below that.
Thus, when the output meter of the generator indicates 3 V,
the output of the filter is approx 0.1 V, and the level in each
one-third-octave band is approx 15 mV.

Input Impedance: The filter should be driven from a source
whose impedance is 1 kn or less. Input impedance is variable

Description

1390·P2 Pink·Noise Filter

Catalog
Number

1390-9602

o Federal stock numbers are listed before the Index.
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1522 DC Recorder
• 2-mVlinch and 0.2-,uAlinch sensitivity

• 50-inch/second writing speed

• 0.25% linearity, 0.5% accuracy

• programmable writing functions

• plug-in versatility: grounded or differential input

Bench model shown with 1522-P1 Preamplifier.

For your convenience A chart take-up reel is included
but the chart paper can feed directly out for immediat~
inspection and use. Controls are few and obvious· the
pen, for inst~nce, is lifted electrically by a manual s';"itch
and au~omatlcally when the chart is being positioned in
either Its fast-scan or slow-scan mode. For reliability,
there are no gears or clutches; speed changes and con-

trol of t~e ~tepping drive motor are all done with inte-
grated Circuits. .

. The pen in the 1522 is a fibre-plastic tipped, clog free,
dlspos~ble marker. It never needs refilling and provides
ne~~, highly readable, skip-free traces even at the fastest
wntlng speeds. You have a choice of colors and a choice
of marker types: the fastrak® Marker for general pur
pos~s and the Slow-Speed Marker for particularly slow
moving records or those with much retracing over a
part of the chart.
- See GR Experimenter for May-June 1969 and January-February 1970.

In the director's seat Imagine an automatic testing sys
tem that is programmed by its own analog recorder. As
the output data are plotted, the recorder programs test
conditions and measurement ranges, activates and syn
chronizes other recording devices, and controls its own
writing functions. Triggered by timing marks printed on
the chart paper, the GR 1522 DC Recorder will control
companion instruments and itself, changing chart speed,
rewinding the chart for overplotting, quickly advancing to
a fresh graph, all the wJ:1ile remembering to lift the pen
when not plotting. With optional limit switches, the 1522
can operate sortl select mechanisms, activate additional
recorders, or alert an operator if the plotted data exceed
preset high or low limits.

As an accessory to the GR 1921 Real-Time Analyzer,
for example, the 1522 Recorder will plot the band levels
against frequency much faster than conventional X-Y
plotters. Operating synchronously with the 1921, the re
corder pauses briefly as each band level is selected to
allow the pen to settle, producing a neat bar graph with
a standard scale factor.

The 1522 is a fine program director; it is first a superb
dc recorder, combining accuracy, high sensitivity, and
fast writing speed. It will plot a full-scale (5-inch) tran
sient in < 100 ms, respond to a 200-IN or 20-nA change
with a I-division deflection, and maintain linearity to
within Va of a division (0.25%).

The recorder accepts one of two plug-in preamplifiers.
The 1522-P1 Preamplifier provides a wide range of volt
age and current measurements at an economical price.
The 1522-P2 Differential Preamplifier provides the same
versatility with the added feature of a differential input so
that measurements from ungrounded sources can be
made. This plug-in offers up to 180-dB of common-mode
rejection at input levels up to ±500 volts.

1522 PI f'flUMPUfiER

1522-P1 Preamplifier

'N"If

6l
1522-P1 DlFf£ROOW. f'RUMI'UfJ£R

1522-P2 Differential Preamplifier
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Linearity: ±0.25% of full scale.
Deadband: ±0.15% of full scale.
Zero Adjustment: la-turn pot, can be set over full range.
Chart Speeds: 0.5, 1, 2, 5, la, 20 seconds, minutes, hours per
inch; 18 speeds. Chart moves in 0.0067-in. increments (0.26
mm) and can be started or stopped in one step.
Synchronization: Sync outputs permit other 1522 recorders to
run at identical speed or at other standard speeds in synchro
nization with master recorder.
Programmability: All chart control functions fully program
mable and outputs provided for full system integration. RE
MOTE-CONTROL FUNCTIONS: Require switch or solid-state
closure to ground. Controls: pen lift and pen down; two event
markers, all chart speeds; chart start, stop, forward, reverse;
fast scan (2 in./s) with pen-lift; slow scan (2 in./min) with
pen-lift; record command (drops pen, starts chart at selected

SPECIFICATIONS

INPUT WITH 1522-Pl PREAMPLIFIER
Ranges: Controlled by range switches, polarity switch, and
continuous control with calibrated position that operates on
all ranges. DC VOLTAGE: 2 mVI in. to 100 VI in.; 15 ranges,
1-2-5 sequence. DC CURRENT: 0.2 p.AI in. to 100 mAlin.;
18 ranges, 1-2-5 sequence.
Accuracy: :;:0.5% of full scale.
Linearity: :;:0.25% of full scale, including recorder linearity.
Stability: <0.01%1 day drift typical in 0.2 VI in. range after
warmup.
Input Isolation: >1000 Mn dc from LOW to GROUND terminal
at 200 V max dc; 0.22 p.F ac. VOLTAGE: 200 V max dc or
peak ac.
Common·Mode Rejection: 70 dB dc with 1-kn source impe
dance; 40 dB ac at 60 Hz.
Input Resistance: VOLTAGE: 1 Mo. CURRENT: 1 n to 10 kn
depending on scale as follows: (0.2 to 2 p.AI in.) 10 kn, (5
p.AI in.) 4 kn, (10 p.Alin.) 2 kn, (20 p.AI in.) 1 kn, (50 p.Af, in.)
400 n, (100 p.AI in.) 200 0, (0.2 mAl in.) 100 0, (0.5 mAl in.)
40 n, (1 mAl in.) 20 0, (2 mAl in.) 10 0, (5 mAl in.) 4 0,
(10 mAl in.) 2 n, (20 to 100 mAl in.) 10.
Offset and Drift: VOLTAGE: Adjustable to zero. DRIFT: ±25
p.V/oC from 0 to 50°C after warmup; warmup drift <0.5 mY.
CURRENT (bias): 0.1 nA at 25°C; doubles each rise of 11°C.

INPUT WITH 1522-P2 DIFFERENTIAL PREAMPLIFIER
Frequency: -3 dB at 50 Hz (3rd order Butterworth response).
Ranges: Controlled by range switches, polarity switch, and
continuous control with calibrated position that operates on
all ranges. VOLTAGE: 2 mY/in. to 100 Vlin.; 15 ranges, 1-2-5
sequence. CURRENT: 0.2 p.AI in. to 100 mAl in.; 18 ranges,
1-2-5 sequence.
Accuracy: ±0.5% of full scale when in calibrated position.
Linearity: ±0.25% of full scale, including recorder linearity.
Input Isolation: ;:.10" n from GUARD terminal to ground, in
parallel with <500 pF. VOLTAGE: 500 V dc or peak ac.
Common-Mode Rejection: 160 dB dc, 80 dB 60 Hz, undriven
guard, typical; 180 dB ac up to 20 kHz, driven guard, typical.
Offset and Drift: VOLTAGE: Adjustable to zero. DRIFT: ±(25
p.V1°C + 0.005% of full scale I °C) from 0 to 55°C. CURRENT
(bias): 0.1 nA at 25°C; doubles each rise of 11 °C.
Input Resistance between HIGH and LOW terminals: VOLT
AGE: 1 Mn. CURRENT: 0.11 to 50 n depending on scale as
follows: (0.2 p.A/in.) 50 n, (0.5 p.A/in.) 200, (1 p.A/in.) 10.1
n, (2 p.AI in.) 5.06 0, (5 p.AI in.) 2.06 O. (10 p.AI in.) 1.06 n,
(20 p.A/in.) 0.56 n, (50 p.A/in.) 0.26 n, (100 p.A/in.) 0.16 n,
(200 p.AI in.) 0.11 n, (0.5 mAl in.) 40 n, (1 mAl in.) 20 0,
(2 mAl in.) 10 n, (5 mAl in.) 4 0, (10 mAl in.) 20, (20 to 100
mAlin.) 1 n.

RECORDER RESPONSE (with 2-in. excursion)
Fast Writing Speed: 50 in. I s with <3% overshoot.
Slow Writing Speeds: (See table)
Servo Bandwidth (3 dB, for 1/4-in. excursions): (See table)

, Total ordinate range is 60 dB, except for -9647 which is 50 dB and
for linear charts which are 50 div. Charts with control marks take
advantage of the automatic programming feature of the 1522.

Catalog
Number

1522-9601
1522-9602

1522-9611
1522-9613
1522-9670
1522-9612

1522-9639

1522-9700
1522-9701

1522-9614
1522·9615
1522·9616

1522-9634
1522-9635
1522-9636

1522·9650

Catalog
Number

1522-9640

1522·9651
1522-9647
1522-9646
1522-9652
1522-9648
1522-9645
1522-9644
1522·9658
1522-9656
1522-9654
1522-9657
1522-9655

1522-9680

Description

1522 DC Recorder, less preamplifier
Bench Model
Rack Model

Select one or both of following essentials
1522-Pl Preamplifier
1522-P2 Differential Preamplifier

Accessories available
1522-P11 Limit-Switch Set, for 2 adjustable

limit stops

Extender Board Kit, for servicing ease
Cable Set, for connection to 1921
Event·Marker Set, 4 black, 4 red pens
Mounting Sheets, 8\12 x 11 in. sheets with
adhesive strips to mount charts for filing
in 3-ring notebooks; 50 charts per pack
fastra~ Marker Sets (general purpose)

Set of 4 RED pens
Set of 4 GREEN pens
Set of 4 BLUE pens

SlOW-Speed Marker Sets
Set of 4 RED pens
Set of 4 GREEN pens
Set of 4 BLUE pens

Chart Paper, 140-ft rolls (43 m)

FOR GENERAL PURPOSES and 1921
Ideal for use with 1921 Real-Time Analyzer, 25-dB/ decade scale fac·
tors. Inch-ruled charts have 2.08-in/decade abscissas, centimeter
ruled charts have 5-cm/ decade abscissas. Bands are ANSI preferred
\l3-octave.

* Linear Linear, 5 divlin.
*Linear Linear, 4 div/in., right control marks \14 in.

apart, left marks 10 in. apart.
'Linear Linear, 2 divlin., right control marks, ]/2 in.

apart, left marks 10 in. apart.
*10dBlin. 30 bands - not marked

12dB/ in. 30 bands - not marked
12dBlin. 5-34 3.15 Hz-2.5 kHz
12dBlin. 5-49 3.15 Hz-BO kHz
12dBlin. 11-40 12.59 Hz-I0 kHz
12dB/ in. 14-43 25 Hz-20 kHz
5dB/cm 30 bands- not marked
5dB/cm 5-34 3.15 Hz-2.5 kHz
5dB/cm 5-49 3.15 Hz-BO kHz
5dB/cm 11-40 12.59 Hz-I0 kHz
5dB/cm 14-43 25 Hz-20 kHz

FOR T/ D 1923 ANALYZER SYSTEMS
Has 6.67x5.0-in. areas linearly divided, repeated
every 11 in. Ordinate and abscissa graduations
every 0.125 in. (3.18 mm), 5th lines accented.

* Ordinate Abscissa
Scale Bands Frequencies

speed); servo blanking (pen motion stopped in any position).
REMOTE-CONTROL OUTPUTS: Start, stop, forward, reverse,
servo-position error (0 state for position error of <0.5%), re
transmitting potentiometer, three independent solid-state clo
sures corresponding to lines printed on paper; pen down; 300
pps sync and motor-speed sync selected by chart-speed con
trols.
Other Outputs: Power for two additional stepper motors, power
for externally controlled dc reference voltage.
Supplied: 274-NQ3-ft double-plug patch cord, fastrak® Marker
Set of 12 assorted-color pens, Event-Marker Set of 4 red and
4 black pens, 2 chart-paper rolls type 1522-9640, 2 potenti
ometer contacts, 2 paper cap assemblies, power cord, 50
chart-mounting sheets.
Available: 1522-P11 Limit-Switch Set provides two adjustable
limit stops; pen at limit closes reed-relay contacts with 50-V,
500-mA dc rating, 150-V breakdown rating.
Power: 100 to 125 or 200 to 250 V, 50-60 Hz, 90 W.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19.5x7x17 in. (496x178x432 mm); rack, 19x5.25x
15.25 in. (483x133x387 mm). WEIGHT: Bench, 43 Ib (20
kg) net, 58 Ib (27 kg) shipping; rack, 39 Ib (18 kg) net, 54 Ib
(25 kg) shipping; 1522-Pl. 1.5 10 (0.7 kg) net, 8 Ib (3.7 kg)
!Shipping; 1522-P2. 3.25 Ib (1.5 kg) net, 10 Ib (4.6 kg)
shipping.

0.5 in./s

0.4 Hz

Writing Speed:

Servo Bandwidth:
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1566 Multichannel Amplifier
DISPLAY: Two high-intensity neon readout tubes display active
channel number.
Frequency: 2 Hz to 100 kHz, flat within ±0.5 dB.
Sensitivity: 1.8 mV to 1.6 V for I-V output; gain set in I-dB
increments by panel control or 1-2-4-8 BCD signal at standard
DTL levels (logic 0 = ground, logic 1 ;;. + 3.5 V). Rear-panel
adjustment provides lO-dB continuous control of gain for all
channels for calibration. Each channel includes a 6-dB gain
adjustment for transducer sensitivity equalization.
Maximum Input: 5 V rms, 7 V pk.
Impedance: INPUT, 100 kfl. OUTPUT, 600 fl.
Noise: <10 poV equivalent input noise (C weighted) in each
channel when gain is maximum and source impedance is
:;:;:100 fl.
Cross-Talk: Interchannel isolation >90 dB.
Calibration: Built-in pink-noise (±1 dB) source with symmetri
cal Gaussian distribution from 2 Hz to 100 kHz. Spectrum
level slope is -3 dB per octave. Noise signal applied to inter
nal calibration channel is adjustable from 30 to 100 mV rms.
Rear-panel noise output is fixed at 100 mV rms and can be
loaded by 0.05 poF without affecting spectrum up to 100 kHz.
Supplied: Power cord, two 24-pin data plugs.
Available: 1560-P40 and -P42 PREAMPLIFIERS (1566 pro
vides power for up to 99 of either), 1566-9500 CABLE SET for
connection to 1921 Real-Time Analyzer, microphones, vibra
tion pickups.
Power: 100 to 125 or 200 to 250 V, 50 to 60 Hz, 30 W.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19.5x5x20 in. (495x127x508 mm); rack, 19x3.5x18.5
in. (483x89x470 mm). WEIGHT: Bench, 32 Ib (15 kg) net,
47 Ib (22 kg) shipping; rack, 26 Ib (12 kg) net, 41 Ib (19 kg)
shipping.

• 16 channels

• manual or remote channel selection

• 2-Hz to 100-kHz response

• 55-dB gain, manually or remotely adjusted

• calibration noise source built in

Many inputs - one output Many sound and vibration
measurements can be simplified by use of a scanner that
connects, in sequence or in any arbitrary order, the out
puts from a number of transducers to a single analyzer.
A scanner system can be set up to measure signals indi
vidually or to average all signals.

The 1566 scans up to 16 channels (up to 99 with a
special additional unit), amplifies each by up to 55 dB,
and provides a built-in pink-noise calibration source that
speeds not only the check out of the scanner but also
that of any analyzer connected to it. The 1566 is particu
larly useful with the 1921 Real-Time Analyzer. This com
bination can automatically analyze the spectrum from
each transducer scanned or it can measure the space
averaged spectrum using 2, 4, 8, 10, 12, or 16 micro
phones. This feature makes possible automatic real-time
sound-power measurements.

SPECIFICATIONS
Channels: 16 plus 1 for calibration, expandable to 99 (addi
tional channels housed in a special unit). CONTROL: Active
channel is selected manually or by external 1-2-4-8 BCD sig
nal, or automatically scanned in sequence with range of chan
nels to be scanned selected by thumbwheel switches; dwell
time adjustable from 100 ms to 10 s or infinity (channel ad
vance initiated by external signals); scan set to occur once or
repetitively and started, stopped on active channel, or reset to
lowest channel by pushbuUons or external closures to ground.
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Description

1566 Multichannel Amplifier
Bench Model
Rack Model

Cable Set

Catalog
Number

1566-9700
1566-9701
1566-9500
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1569 Automatic Level Regulator

CONTROL
SIGNAL
INPUT,,..,

Catalog
Number

1569-9700
1569·9701

1569 Automatic Level Regulator
Bench Model
Rack Model

Diagram of 1569 Automatic Level Regulator.

Description

DRIVE
INPUT

SPECIFICATIONS
Operating Ranges: FREQUENCY: 2 Hz to 100 kHz. CONTROL
RANGE: 50 dB. COMPRESSION RATIO: 25, i.e., 0.04 dB
per dB.
Main Input: DRIVE VOLTAGE REQUIRED: For normal opera
tion, 1 V; in voltage-leveler mode, 0.2 to 1 V. IMPEDANCE:
100 kf!.
Output: VOLTAGE: 10 mV to 3 V. IMPEDANCE: 600 n. LOAD:
Any impedance can be connected without affecting linear op
eration of output circuit.
Quality: NOISE LEVEL: Typically better than 65 dB below 3-V
output in 100-kHz bandwidth. HARMONIC DISTORTION:
<1 % total for output levels <1 V.
Automatic Shut-Down Function: If drive input level drops be
Iowa critical voltage, output automatically drops to zero, to
protect equipment connected to it.
Control-Signal Input: VOLTAGE: 5 mV to 4 V, required. IM
PEDANCE: 25 Mf!.
Control Rates and Corresponding Min Operating Frequencies:
1000 dBls 300 dBls 100 dBls 30 dBls 10 dBls 3 dBls

600 Hz 200 Hz 60 Hz 20 Hz 6 Hz 2 Hz

Power: 100 to 125 or 200 to 250 V (switch selected), 50 to 60
HZ,4W.
Supplied: Power cord, mounting hardware with rack or bench
models.
Available: 1560-P42 PREAMPLIFIER. Note: Power for preamp
is available at rear-panel input connector. 1523 GRAPHIC
LEVEL RECORDER with 1523-P2 Sweep Oscillator Plug-in.
Microphones and vibration pickups.
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x5x12.87 in. (483x127x327 mm); rack, 19x3.5x
12.75 in. (483x89x324 mm). WEIGHT: 13 Ib (6 kg) net, 30
Ib (14 kg) shipping.

....,

GR 1523

LEVEL-RECORDER
SYSTEM

TEST CHAMBER

Typical measurement system using 1569.

• 2 Hz to 100 kHz

• 50-dB control range

• acoustic-system component

GR 1523-P2
SWEEP-OSCILLATOR 1'----1

PLUG-IN

Constant level Use this regulator to hold a monitored
signal amplitude steady (such as the 5:ound level in a
test chamber) while you sweep the frequency or some
other parameter. The primary use is to control the ex
citation level in swept-frequency sound and vibration
testing. The 1569 functions as an automatically con
trolled amplifier / attenuator between the oscillator and
the power-amplifier-transducer chain.

The regulator senses a control voltage from a micro
phone, accelerometer, or other pickup monitoring the
quantity to be controlled and adjusts its own attenuation
to maintain that control voltage at constant level. Output
from the 1569 is indicated on a panel meter with a scale
that is linear in dB, showing you where the regulator is
operating in its 50-dB control range. You can easily ad
just the control rate to suit operating frequency and mag
nitude-phase relationships in your control loop.

In an entirely different mode of operation, the 1569
can be used to provide a leveled output, when driven by
a poorly leveled signal source. In this mode, the control
range is limited to the acceptable range for signal-input
levels in the regulator, about 15 dB, whereas the range
of outputs is much larger.
- See GR Experimenter for April, 1968.
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1840-A Output Power Meter
• 20 Hz to 20 kHz

• 0.1 mW to 20 W

• 0.6-.0. to 32-k.o. input impedance

• true rms reading

The 1840-A measures audio-frequency power into any
desired magnitude of load impedance. Its important uses
include the measu·rement of:

• Power output of oscillators, amplifiers, preamplifiers,
transformers, transducers, and low-frequency lines.

• Output impedance, by adjustment of this load to yield
maximum power indication.
• Frequency-response characteristics of amplifiers,
transformers, and other audio-frequency devices.

This instrument is basically a multi-tapped audio-fre
quency transformer with a fixed secondary load. Its two
front-panel switches connect eight identical primary wind
ings and six secondary taps in various combinations to
provide a total of 48 different primary impedances.

The maximum power rating can be extended for any
given impedance with the use of a simple T-network at
tenuator, design data for which are supplied with the
instrument.

SPECIFICATIONS
Power: 0.1 mW to 20 W, 40 Hz to 20 kHz. Below 40 Hz, max
rating is reduced by up to 50% (at 25 Hz), depending on im
pedance selected. See curve. Auxiliary dB scale reads from
-15 to +43 dB re 1 mW.
Impedance: 0.6 n to 32 kn in two ranges; yielding 48 individ
ual impedances spaced approximately \Y2 apart.
Power Accuracy:

At 1 kHz, ±0.3 dB;
50 Hz to 6 kHz, ±0.5 dB;
30 Hz to 10 kHz, ±1 dB;
at 20 Hz, -1.5 dB max, -1 dB avg;
at 20 kHz, -5 dB max, ±1.5 dB avg.

Impedanc;e Accuracy (at full-scale voltage):
At 1 kHz, ±6% max, -0.5% avg;
70 Hz to 2.5 kHz, ±7%;
2.5 kHz to 5 kHz, for Z< 10 kn, ±7%;
at 20 Hz, -15% max, -8% avg;
at 20 kHz, ±50% max, ±12% avg.

Waveform Error: Meter will indicate true rms with as much as
20% second and third harmonics present in the input signal.
Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): 12x4x8 in. (305x102x203 mm). WEIGHT: 11 Ib (5 kg)
net, 17 Ib (8 kg) shipping. Rack-adaptor panel height, 3.5 in.
(89mm).
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Description
Catalog
Number

Power derating vs impedance setting and frequency. All 48 impedance
settings are represented, as n = 0, I, 2 ... 7.

184G-A Output Power Meter ~

480·P212 Relay-Rack Adaptor Set

1840·9701
0480·9822

<s> Federal stock numbers are listed before the Index.
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1952 Universal Filter

NORMALIZtO FR£OU£HCY·H,

Low-pass and high-pass filter characteristics.

(point of infinite attenuation) that can be tuned from 5 Hz to
50 kHz.
Input: GAIN: d or -20 dB, switch selected. IMPEDANCE:
100 kn. COUPLING: Ac or dc, switch selected. Lower cut-off
frequency (3 dB down) for ac coupling is about 0.7 Hz. An LC
filter at input limits bandwidth to 300 kHz, thus reducing
danger of overloading active circuits at frequencies above
normal operating range.
Max Input Voltage: SINE WAVE: 3 V rms (8.5 V pk-pk); except
with input attenuator at 20 dB, 30 V rms. DC COUPLED:
±4.2 V pk. AC COUPLED: Max peak level of ac component
must not exceed ±4.2 V for specified performance; dc level,
±100 V. Peaks up to ±IQO V are tolerated without damage.

Output: IMPEDANCE: 600 o. LOAD: Any load can be con
nected without affecting linear operation of output circuit.
TEMPERATURE COEFFICIENT of output offset voltage: Be
tween 0 and +4 'mV/ °C.
Noise: <100 f.LV in an effective bandwidth of 50 kHz.
Distortion: Max harmonic distortion, with all components in
the pass band, for a linear load, is less than 0.25% for open
circuit voltages up to 3 V and frequencies up to 50 kHz.
Available: Rechargeable batteries (two required) and 1560
P60 Battery Charger. Replacement battery: Gould 9.6V / 225B
with snaps, or equivalent.
Power: 100 to 125 or 200 to 250 V (switch selected), 50 to
60 Hz, 2.5 W. Or 19.2 V, approx 20 mA from rechargeable
nickel-cadmium batteries (not supplied), about 10-h opera
tion. Connections for external battery.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19x3.87x14.8 in. (483x98x376 mm); rack, 19x3.5x
13.63 in. (483x89x346 mm); charger, 4.25x3.75x8 in. (108x
95x203 mm).. WEIGHT: 21 Ib (10 kg) net; 25 Ib (12 kg)
shipping.

Catalog
Number

1560-9660
1560-9661

1952-9801
1952-9811
8410-1040
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1952 Universal Filter
Bench Model
Rack Model

Rechargeable Battery (2 req'd)
156O-P6O Battery Charger

115 volts
230 volts

Description

SPECIFICATIONS

Frequency Range: CUT-OFF FREQUENCIES: Adjustable 4 Hz to
60 kHz in four ranges. PASS-BAND LIMITS: Low-frequency
response to dc (approx 0.7 Hz with ac input coupling) in Low
Pass and Band Reject modes. High-frequency response uni
form ±0.2 dB to 300 kHz in High Pass and Band Reject'
modes. CONTROLS: Log freqency-dial calibration; accuracy
±2% of cut-off frequency (at 3-dB points).
Filters: FILTER CHARACTERISTICS: Filters are fourth-order
(four-pole) Chebyshev approximations to ideal magnitude re
sponse. The nominal pass-band ripple is ±0.1 dB (±0.2 dB
max); nominal attenuation at the calibrated cut-off frequency
is 3 dB; initial attenuation rate is 30 dB per octave. Attenua
tion at twice or at one-half the selected frequency, as applica
ble, is at least 30 dB. TUNING MODES: Switch selected, Low
Pass, High Pass, Band Pass, and Band Reject. GANGED
TUNING: The two frequency controls can be ganged in Band
Pass and Band Reject modes so the ratio of upper to lower cut
off frequencies remains constant as controls are adjusted.
Range overlap is sufficient to permit tuning through succes
sive ranges without the need to reset frequency controls if
ratio of upper to lower cut-off frequencies is 1.5 or less. MIN
IMUM BANDWIDTH: 26% (approx ¥3 octave) in Band Pass
mode. NULL TUNING: In Band Reject mode, setting the fre
quency controls for a critical ratio of upper to lower cut-off
frequency (indicated on dials) gives a null characteristic

The 1952 Universal Filter will perform as a low-pass,.
high-pass, band-pass, or band-reject filter at the turn of
a panel switch. It consists of low-pass and high-pass
filters that can be employed singly, in cascade, or in par
allel, to provide the assortment of over-all characteristics.
The cut-off frequencies of the two filters can be controlled
independently or ganged together to provide constant-per
centage bandwidth for band-pass or band-reject tuning.

This filter is of value in many signal-conditioning appli
cations. For example, it can be used to control system
bandwidth for reduction of extraneous signals or to evalu
ate the effect of limited bandwidth upon signal intelligi
bility and data-transmission accuracy. As a high-pass
filter it can reduce power-line-related components, as a
low-pass filter control high-frequency noise, or as a notch
filter eliminate single-frequency components. The 1952
can also act as part of a spectrum analyzer or distortion
meter and, with a random-noise generator, produce con
trolled bands of noise as test signals.
- See GR Experimenter for April 1968.

• 4-Hz to 60-kHz tuning

• low-pass or high-pass,
band-pass or band-reject, ganged for easy tuning

• high attenuation rate-30 dB/octave

• line or battery operation
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1346 Audio-Frequency Microvolter*
• self-contained dc source

1 /LV to 10 V

• calibrated ac attenuator to 100 kHz
0.1 /LV to 10 V

• use with any waveform

The GR 1346 Audio-Frequency Microvolter is a me
tered, calibrated attenuator that can be used as a self
contained low-level dc source and, il! conjunction with
an appropriate oscillator, as a source of from 0.1 ,.,.V to
10 V of any ac waveform with a spectrum up to 100 kHz.

The input to the 1346 can be a dc voltage from the
instrument's internal battery or from an external dc or·
ac source. An input attenuator, called the level control,
provides continuous control of the voltage, which is ap
plied to a 20-dB-per-step output attenuator. A total of
140-dB attenuation is provided by the two controls. The
meter, in ac operation, is average responding, calibrated
in rms volts and in dBm.

An on-off switch reduces the output to zero without
disturbing other controls or shorting the output; the
source impedance remains 600 fl. This is convenient,

SPECIFICATIONS

especially at very low levels, where shielding must be
maintained. The zero-volt condition is useful in incre
mental dc-gain measurements and in locating noise
sources and ground loops in critical low-level measure
ments.

The 1346 is entirely free from the power line and need
not be grounded. The Microvolter* is therefore per
mitted to "float" in a test setup, so you can add the
calibrated output to another signal. Front-panel termi
nals are gold-plated-copper binding posts for low thermal
emf.
- See GR Experimenter for August-September 1968.

OUTPUT

Microvolter controls permit continuous and step output control, zero
volt 600-fi output, and bypassing of meter and continuous level control
for operation as step attenuator only.

Function 10 Vac 1 Vac +10 V dc I -10 V dc Atten Only

Open-Circuit Output Voltage
Range 1.0 p.V to 10 V ac 0.1 p.V to 1.0 V ac 1.0 p.V to 10 V dc o to -120 dB, 20 dB/step

Accuracy at 23·C (above ±(4% +0.2p.V) ±(4% +0.02 p.V)
±(3% +0.2 p.V)

±(0.04 dB/ step +154 dB below
10% of dc full scale) 10 Hz to 100 kHz input level) dc to 100 kHz

Source External ac required Internal battery or ext Ext ac or dc source
10.0 V into 595 fi j 1.0 V into 550 !l dc source 10 V max 10 V max input

Input Impedance (approx) t 595 fi to 25 kfi I 550 !l to 25 kfi 610 !l to 25 kfi, int battery removed 550 fi to 5 kfi

t Varies with selling of input level control, step attenuator, and load. Can be adjusted to remain constant with step-attenuator changes for load
impedance of ;;'50 ohms.

Mechanical: Convertible-bench cabinet. DIMENSIONS (wxhx
d): Bench, 8.5x5.41x7.44 in. (216x137x189 mm); rack, 19x
5.22x7.56 in. (483x133x192 mm). WEIGHT: Bench, 5 Ib
(2.3 kg) net, 7 Ib (3.2 kg) shipping; rack, 8 Ib (3.7 kg) net,
10 Ib (4.6 kg) shipping.

Distortion (at 1 kHz): <0.01% in 1-V-ac mode, <0.05% in 10
V-ac mode, with level control at max setting.
Output Impedance: 600 n ±0.5%.
Supplied: Battery, mounting hardware with rack model.
Available: GR 1309 and 1310 Oscillators, 1396 Tone-Burst
Generator, 1381, 1382, and 1383 Random-Noise Generators~

Power: None required for 10-V-ac range. In other modes,
12-V dry battery: Eveready 228, RCA VS329, or Burgess
PM8. Approx life, 33 hours at 2hl day in either dc mode,
316 hours at 2h/day in 1-V-ac mode.

* Trademark registered in USA.
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Description

1346 Audio-Frequency Microvolter*
Bench Model
Rack Model

Replacement Battery

Catalog
Number

1346-9700
1346-9701
8410-1380
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Sound-and-Vibration Measuring Accessories
Microphones

The microphones and microphone sets described on these
pages will fulfill virtually any acoustic application. The micro
phones, when combined with the appropriate preamplifiers,
adaptors, cables and other accessories, make complete mi
crophone systems that may be used directly with GR equip
ment or with instrumentation from other manufacturers. Three
basic types of microphones are offered.

Electret-Condenser These microphones represent the very
latest in microphone technology. They feature very uniform
high-frequency performance in both flat random- and flat
perpendicular-incidence versions, are available in a variety of
sizes, and are economically priced. Since polarization voltage
is not required, they can be used with inexpensive preampli-

fiers such as the 1972-9600 described in the Preamplifier part
of this section.

Ceramic Ceramic microphones are noted for their rugged
ness, stability and reliability. Their low impedance and stable
output contribute to their good performance under adverse
environmental conditions.

Condenser Air-condenser microphones feature uniform
high-frequency response and are suitable for operation at
temperature extremes. They are available in various sizes.
Because a polarization voltage is required for these micro
phones, they are sold only in microphone I preamplifier sets.

For information on how to select a microphone system to
meet your specific needs, refer to Guide to Microphone Sys
tem Selection, at the end of this section.

Electret-Condenser Microphones

1961 1-inch Electret-Condenser. Microphones
--------_~_-------'

~- I I I I I I 1\

Typical 'Performance
with 1560-P42 and 1972-9600 Preamplifiers (Unity Gain)

"System" Dynamic
Frequency Sensitivity Range'

Microphone Range re 1VI NI m' re 20 I'NI m'
1961-9601 5 Hz to 12 kHz -36 dB 18 to 140 dB
1961-9602 5 Hz to 15 kHz -36 dB 18 to 140 dB

• A-weighted noise level to maximum rms sinewave signal with
out clipping.

Description

1961-9601
1961-9602

Catalog
Number

~ 70 100 200 ~7'OO1"", 1
'-REOUENCT'H,

....

1961 Electret-Condenser Microphones
Flat random-incidence response, I-inch
Flat perpendicular-incidence response, I-inch

Frequency: Curves show typical response and guaranteed
limits; Individual response curve supplied with each micro
phone. Below 20 Hz, the microphone is typically flat ::'::1 dB
down to 5 Hz. Microphone is essentially omnidirectional.
Sensitivity Level: NOMINAL: -36 dB re 1 VI NI m' (-56 dB
re 1 V/p.bar). TEMPERATURE COEFFICIENT: = +0.03 dB/oC
from 0 to +55°C. MAXIMUM SOUND·PRESSURE LEVEL:
160 dB absolute max.
Impedance: 100 ±10 pF at 25°C and 1 kHz, temperature co
efficient < +0.1 pFI ·C at 1 kHz.
Environment: -20 to +55°C and 90% RH operating; I-year
exposure in an environment of +55°C and 90% RH causes
negligible sensitivity change.
Vibration Sensitivity: 83 dB equivalent SPL from 1 g (per
pendicular to diaphragm) at 20 and 100 Hz.
Mechanical: TERMINALS: Coaxial, with 0.907-60 thread,
adapted to 0.460-60 (threads per in.): DIMENSIONS: 0.936
::'::0.001 in. dia x 1.045 ::'::0.001 in. long (1.435 ::'::0.007 in. long
with adaptor) (23.77 ::'::0.025 x 26.55 ::'::0.025 mm). WEIGHT:
1 oz (28 g) net, 1 Ib (0.5 kg) shipping.
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1962 112 -inch Electret-Condenser Microphones

"llOJ'OOl ....
fFlEOUEHCT·HI

Typical performance
with 1560-P42 and 1972-9600 Preamplifiers (Unity Gain)

"System" Dynamic
Frenquency Sensitivity Range*

Microphone Range re 1 / N/ m' re 20 ftN / m'
1962-9601 5 Hz to 19 kHz -43 dB 29 to 145 dB
1962-9602 5 Hz to 24 kHz -43 dB 29 to 145 dB

* A-weighted noise level to maximum rms sinewave signal with
out clipping.

Frequency: Curves show typical response and guaranteed
limits; individual response curve supplied with each micro
phone. Below 20 Hz, the microphone is typically flat ±1 dB
down to 5 Hz. Microphone is essentially omnidirectional.
Sensitivity Level: NOMINAL: -42 dB re 1 VIN/m' (-62 dB
re 1 VI /-lbar). TEMPERATURE COEFFICIENT: = +0.03 dBI"C
from 0 to +55°C. MAXIMUM SOUND-PRESSURE LEVEL: 170
dB absolute max.
Impedance: 35 ±5 pF, at 25°C and 1 kHz; temperature coeffi
cient < +0.04 pF I 'C at 1 kHz.
Environment: -20 to +55°C and 90% RH operating; I-year
exposure .in an environment of +55°C and 90% RH causes
negligible sensitivity change.
Vibration Sensitivity: 83 dB equivalent SPL from 1 g (perpen
dicular to diaphragm) at 20 and 100 Hz.
Mechanical: TERMINALS: Coaxial, with 0.460-60 thread.
DIMENSIONS: 0.500 ±0.0005 in. dia x 0.815 ±0.001 in. long
(12.70 ±0.0127 x 20.70 ±0.025 mm). WEIGHT: 0.5 oz (14 g)
net, 1 Ib (0.5 kg) shipping.
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Description

1962 Electret Condenser Microphones
Flat random-incidence response, ¥2-inch
Flat perpendicular-incidence response, ¥2-inch

Catalog
Number

1962-9601
1962·9602

1963 114 -inch Electret-Condenser Microphone

Vibration Sensitivity: 83 dB equivalent SPL from 1 g (perpen
dicular to diaphragm) at 20 and 100 Hz.
Mechanical: TERMINALS: Coaxial, with 0.224-60 thread,
adapted to 0.460-60 (threads per in.). DIMENSIONS: 0.250
±0.0005 in. dia (6.35 ±0.0127 mm). WEIGHT: 0.25 02
(7 g) net, 1 Ib (0.5 kg) shipping.

Typical performance
with 1560-P42 and 1972-9600 Preamplifiers (Unity Gain)

• "System" Dynamic
Frequency Sensitivity Range*

Microphone Range re 1 V/N/m' re 20 ftN/m'
1963-9602 20 Hz to 35 kHz -58 dB 49 to 150 dB

* A-weighted noise level to maximum rms sinewave signal with
out clipping.

1963·9602
1963 Electret-Condenser Microphone

Flat perpendicular-incidence response, !4-inch

\".<~:l
;~ '1.

:~v··, ,.... ;-.

\~~
Frequency: Curve shows typical response and guaranteed lim
its; individual response curve supplied with each microphone.
Below 20 Hz, the microphone is typically flat ±1 dB down to
5 Hz. Response is essentially omnidirectional.
Sensitivity Level: NOMINAL: -56 dB re 1 VIN/m' (-76 dB
re 1 VI/-lbar). TEMPERATURE COEFFICIENT: = +0.03 dB/"C
from 0 to +55°C. MAXIMUM SOUND-PRESSURE LEVEL:
170 dB absolute max.
Impedance: 12 ±1 pF, at 25°C and 1 kHz; temperature coeffi
cient < +0.02 pFI 'C at 1 kHz.
Environment: -20 to +55°C and 90% RH operating; I-year
exposure in an environment of +55°C and 90% RH causes
negligible sensitivity change.

Ceramic Microphones
1-inch Ceramic Microphones

Three versions of - the I-inch ceramic microphone are
offered; the differences are described below. All versions use
the same microphone cartridge.

The 1560-P5 microphone comes with an adaptor base that
plugs into a female three-terminal microphone connector. It
mates directly with 1560-P73 and 1560-P73B cables and can
be mounted on a tripod in applications where the microphone
will be remote from the instrument and no preamplifier is
used.

The 1560-9570 comes with an adaptor that permits it to
be mounted directly on the 1560-P42 or 1972-9600 pre
amplifiers.

The 1560-P6 microphone comes mounted on a flexible con
duit that terminates in a three-terminal microphone connector.
It is normally used with instruments such as the 1564 and
1934 to position the microphone away from the instrument
case.
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FREQUENCY - HI

net, 1 Ib (0.5 kg) shipping; 1560-P6, 0.7 Ib (0.3 kg) net,
2 Ib (0.9 kg) shipping.

5 Hz to 12.5 kHz -40 dB 22 to 145 dB
* A-weighted noise level to maximum rms sinewave signal with
out clipping.

Typical performance of the 1560-9570 Microphone
with the 1560-P42 and 1972-9600 Preamplifiers (Unity Gain)

"System" Dynamic
Frequency Sensitivity Range*

Range relV/N/m' re20JLN/m'

Catalog
Number

1560-9605
1560-9570
1560-9606

L- -.,so - p,
fWlOOlll'INC1DENCE RESPONSE

~<I";TYPICALg" I--_-_-_-_+_-+_-t-__-_-+_-__-+----~t-_-t-__-~7~t4J-......'-eu.....~y~""1n\---'
8 0 _ __.... ....... _ \

o.'I---+-I-+--,f-,,,-..-,.-,,+,o-,,f-..-+,,-,b-rr.--"-,-,+-t-t-t-'. -;

I-inch Ceramic Microphone
156O-P5. with adaptor to mike connector 0

With adaptor to preamplifier
1560-P6, assembled with flexible conduit

Description

Frequency: Curve shows typical response and guaranteed
limits; individual response curve supplied with each micro
phone. Below 20 Hz, the microphone is typically flat ='=1 dB
down to 5 Hz. Time constant of pressure-equalizing leak is
typically 0.08 s.

Sensitivity Level: NOMINAL: -40 dB re 1 V/ N/ m' (-60 dB
re 1 V/p.bar); MINIMUM: -42 dB re 1 V/N/m' (-62 dB re
1 V/p.bar). TEMPERATURE COEFFICIENT: = -0.01 dB/oC.
KEY SOUND-PRESSURE LEVELS: <1 % distortion at 150 dB;
at -184 and +174 dB peak, microphone may fail.

Impedance: For 1560-9605 and -9570, 385 pF ='=15% at
23°C; for 1560-9606, 405 pF ='=15% at 23°C. TEMPERA
TURE COEFFICIENT of Z, for both: 2.2 pF / °C from 0 to 50°C.

Environment: TEMPERATURE: -40 to +60°C operating. HU
MIDITY: 0 to 100% RH operating.

Mechanical: TERMI NALS, 3-pin mike connector; microphone
cartridge has two terminals plus the shell; both terminals can
be floated with respect to ground. DIMENSIONS: Cartridge
only, 1.13 in. (29 mm) long, 0.936 ='= .002 in. (23.7 mm ='= 50
p.m) dia; 1560-P5 assembly, 2.31 in. (59 mm) long, 0.94 in.
(24 mm) dia; 1560-P6 assembly, 11.75 in.. (298 mm) long,
0.94 in. (24 mm) dia. WEIGHT: 1560-P5, 0.2 Ib (0.1 kg)

1972 112 -inch Ceramic Microphone

long (13x20 mm). WEIGHT: 0.5 oz (14 g) net, 0.5 Ib (0.3 kg)
shipping.

1912·960'
R.,.O()lll-I"CiO[JlC£ R£SPOH$(

fREQUENCY - Hz

5 Hz to 20 kHz -60 dB 42 to 165 dB
* A-weighted noise level to maximum rms sinewave signal with
out clipping.

a·' ----+++--- -7""..... ---- ,..- -~ iY
~ 0 -----1-++---17-:7 ' "
o ••t----I---I--l---;/-';,.,L...-+-+-t--j--+-Hf--'-'----!

GUAItAHTEED TOLEIU.HCI:

1972-9601

TYPICAL CUI'tVE __ ",,_I I I

Typical performance
with 1562-P42 and 1972-9600 Preamplifiers (Unity Gain)

"System" Dynamic
Frequency Sensitivity Range*

Range re 1 V/N/m' re 20 JLN/m'

1972 'h-inch Ceramic Microphone

Frequency: Curve shows typical response and gLlaranteed lim
its; individual response curve supplied with each microphone.
Below 20 Hz, the microphone is typically flat ='=1 dB down to
5 Hz. Time constant of pressure-equalizing leak is 0.08 s
typical.
Sensitivity level: NOMINAL: -60 dB re 1 V/N/m' (-80 dB
re 1 V/ p.bar); MINIMUM: -65 dB re 1 V/N/m' (-85 dB re
1 V/ p.bar); TEMPERATURE COEFFICIENT: = -0.01 dB/oC.
KEY SOUND-PRESSURE LEVELS: 165 dB with <1% distor
tion; at +184 and -190 dB peak, microphone may fail.
Impedance: 395 pF ='=15% at 23°C. TEMPERATURE COEFFI
CIENT: 2.2 pF/ °C from 0 to 50°C.
Environment: TEMPERATURE: -40 to +60°C operating. HU
MIDITY: 0 to 100% RH operating.
Mechanical: TERMINALS: Coaxial with 0.460-60 thread for
preamplifier mounting. DIMENSIONS: 0.5 in. dia x 0.78 in.

Preamplifiers
1560-P42 Preamplifier

• For electret-condenser, air-condenser, and ceramic
microphones and vibration pickups

•

Recommended Combination of Transducers, Adaptors, and Preamplifiers.{I "n.........-<:ondenoe<~ - ..07."oOti";;".i:"'
~ 1961-9601; 1961-9602 '_ ...l~~L..J

A~ t/2·jn. Elearet-coodenser

~ i 1962-9601: 196209602

~ i 1/4.41'1. Electret-<:ondenset-
1963-9602

Available as 5eIS

{

r-:-:"::-:"2_in:-.Ai,.,.·'-=-eo-n..:-_--, 156D-9532; 1560·9533
B&.K4133: B&K 4134 •

Available as seu 1560-9534;

~ ; 1/4...0. Alr·Condenser 1560-9535 l---+-fPp,~",,~pl~iI~*~
~ 5 B&K4135;B&K4136- 156O-P42-
~ g A",I'ob" M ~.
<t. t 1/8-in. Air-<:ondenser 1560-9536
<i ~ B&K4138.

[~'~'n~.A~ir.c~ond~.n~:':J__--1MiaopnOO8S •

{

l-in. ceramic
lS6O-f'5; 1S6().P6

uI I-'~'n~.""~~~""~·'-l- ...j1i 1560-9570

In-in. cer.mic
1972-9601

VibnltKx1 Pickup
1S6Q.PS2; -P53: ·P54

* Air-condenser micrOphones may not be used with the 1972-9600 Pre
amplifier, because they require polarization voitage; use the 1560-P42.

The 1560-P42 Preamplifier is a high-input impedance, low
noise preamplifier. It is particularly well suited for amplifica
tion of the output of capacitive sources, such as electret
condenser, air-condenser, and ceramic microphones and piezo
electric vibration pickUps. It is an excellent choice for use
with GR sound-level meters and analyzers when a long cable
must be used between the microphone and the instrument.
It is also a useful probe amplifier for other electrical signals
where high input impedance and low noise are necessary. For
example, it can increase the sensitivity and input impedance
of analyzers, recorders, amplifiers, null detectors, counters,
frequency meters, voltmeters, and oscilloscopes. Output from
the preamplifier is through an attached 3-wire shielded cable
and the required dc supply voltage is applied from one of the
wires to ground.

Gain: 1:1 or 10:1 (20 dB) ='=0.3 dB at 25°C, slide-switch con
trolled; <='=0.3-dB gain change, from that at 25°C, from -30
to +65°C.

o Federal stock numbers are listed before the Index.

GENERAL RADiO 1973 CATALOG SOUND-AND-VIBRATION MEASUREMENT ACCESSORIES 95



inal loss between connector and microphone terminals, I-V
rms max insert voltage. OUTPUT: 10-ft cable with 3-pin A3
mike connector, separate ground and shield reduce sensitivity
to interference.
Available: Condenser microphone sets that include 1560-P42,
vibration pickups, tripod, cables and adaptors. (See block
diagram.)
Power: +15 to +25 Vdc, 1 to 2 mA idling (200 V off) or 3 to
5 mA idling (200 Von). Available directly from 1523, 1558,
1568, 1564, 1909, 1911, 1913, 1921, or 1925 Analyzers,
1525 Recorder, 1561 Sound-Level Meter, 1934 Noise-Expo
sure Meter, 1566 Multichannel Amplifier, or from 1560-P62
power supply when preamplifier is to be used with 1565 or
1551 Sound-Level Meter, 1553 Vibration Meter, and 1900 or
1910 Analyzer.
Mechanical: DIMENSIONS (less cable): 6.5 in. (165 mm) long
x 0.5 in. (13 mm) dia. WEIGHT (with cable): 1 Ib (0.5 kg)
net, 3 lb (1.4 kg) shipping.

Frequency Response (at I-V rms open-circuit output behind
60011, -30 to+55°C):

3 Hz 5 Hz 500 kHz
1:1 gain ±:3 dB I
10:1 gain ±:3 dB

Impedance: INPUT: 6 pF; =500 M11 at low audio frequencies;
driven shield reduces input-capacitance loading for condenser
microphones. OUTPUT: =1511 in series with 3.3 JLF.
Output: SIGN AL: Up to 11 V pk-pk to 10 kHz into open circuit
with 15-V supply, decreasing to 2 V pk-pk for 1:1 gain and 1 V
pk-pk for 10: 1 gain at 100 kHz. Up to lO-mA rms output with
1560-P62 Power Supply. POLARIZING VOLTAGE: +200 V
±5% behind 300-M11 dc source resistance; on-off slide-switch
controlled; temperature coefficient 0.1%/ °C; frequency
>50 kHz.
Noise: <3.5-iN equivalent input with 390-pF source capaci
tance, C-weighted, lO-kHz effective bandwidth.
Distortion: <0.25% harmonic distortion at 1 kHz with I-V rms
open-circuit output; <1% at 10 kHz with I-V rms output into
0.1 JLF (equivalent to 2000ft of cable).
Terminals: INPUT: 0.460 x 60 thread for direct connection to
112-in. microphones and adaptors. ACCEPTS INSERT CALIBRA
TION SIGNAL: 10 11 ± 20% insert resistance, <0.5-dB nom-

Description

1560·P42 Preamplifier
Adaptor (to most I-in. condenser microphones)
Adaptor (to vibration pickups and I-in. ceramic

microphones)

Catalog
Number

1560·9642
1560·9542

1560·9669

1972-9600 PreamplifierI Adaptor

Input Impedance: =3 pF in parallel with 1 G11, at low audio
frequencies.
Output Impedance: Less than 20 11 in series with 6.8 JLF.
Output: MAXIMUM VOLTAGE AVAILABLE: ~10 V pk-pk, open
circuit, at frequencies qOO kHz, with +15-V supply. CUR
RENT (available): >1 mA, pk, with +15-V supply.
Noise: <2.5 JLV equivalent input noise voltage, with 390., pF
source capacitance, C weighted.
Distortion: 0.1% total harmonic distortion for frequencies
~100 kHz, at 1 V rms output level, open circuit, +15-V supply.
Terminals: INPUT: Coaxial, with 0.460 x 60 thread for direct
connection to most microphones (see block diagram). OUT
PUT: Switchcraft type A3M microphone connector, mates
with 3-wire extension cables 1560-9665, -9666, -9667.
Power: 9 to 25 V (1 mA at 9 V). Available from most GR
analyzers or 1560-P62 power supply. (See list with 1560-P42.)
Mechanical: DIMENSIONS: 0.75 in. dia x 3.44 in. long (19x
87 mm). WEIGHT: 3 oz (85 g) net.

-I/"-----:;7.";:...;;';"lh..IU

JUt"',"

The Preamplifier/Adaptor provides the high input impe
dance required by electret-condenser and ceramic micro
phones, unity voltage gain, and the capability to drive cables
up to 100 feet in length. The amplifier requires a 9- to 25-volt
dc power supply or normal connection to the 1560-P62 Power
Supply or most any GR acoustic instrument.

The 1972-9600 has the same input connector as the 1560
P42 Preamplifier; unlike the latter, it does not provide polari
zation voltage for air-condenser microphones. It may be driven
from the same kind of transducer as the 1560-P42 with the
exception of any that require polarization voltage. (See block
diagram.)
Gain: 0 dB, +0 -0.25 dB, at 1 kHz.
Frequency Response: ±1 dB, 5 Hz to 100 kHz; ±3 dB, 3 Hz
to 500 kHz (at 0.1 V rms output into an open circuit, driven
from 600-11 source). Preamplifier/ Adaptor 1972-9600

1560-P40 Preamplifier

• For ceramic microphones and vibration pickups Frequency Response:

The 1560-P40 Preamplifier is a high input-impedance, low
noise preamplifier similar to the 1560-P42 Preamplifier above
except it produces no polarizing voltage and therefore cannot
be used with condenser microphones.

A I-inch ceramic microphone (1560-9570 cartridge, adaptor
removed) plugs into the input end of the preamplifier case.
The output from the preamplifier goes through a 3-terminal
shielded connector, 1 terminal of which (with ground) brings
in the required dc power.

Gain: 1: 1 or 10: 1 (20 dB) ±0.3 dB at 25°C, slide-switch con
trolled; <±0.3-dB gain change (from that at 25°C) from -30°
to +55°C.
Impedance: INPUT: 6 pF, >500 M11 at low audio frequencies.
OUTPUT: =20 11 in series with 3.3 JLF at 1:1 gain, =100 11 in
series with 3.3 JLF at 10:1 gain.
Noise: <2.5-JLV equivalent input with 400-pF source capaci
tance. C weighted, 10-kHz effective bandwidth.
Distortion: <0.25% harmonic distortion at audio frequencies
with 1 V pk-pk open-circuit output; 1% at 1 kHz with 5 V pk-pk
into 0.1 JLF (equivalent to 200 ft of cable); 1% at 1 kHz with
2 V pk-pk into 0.01 JLF.
Available: Ceramic microphones, vibration pickups, tripod,
cables, and adaptors. 1560-P96 adaptor converts input to
accept 3-pin mike connectors.
Power: +15 to +25 V dc, 1 to 2 mAo Available from same
sources as 1560-P42.
Mechanical: DIMENSIONS: 6.88 in. (175 mm) long x 1.56 in.
(30 mm) dia. WEIGHT: 0.6 Ib (0.3 kg) net, 3 Ib (1.4 kg)
shipping.

1560-9640
1560·9696

1:1 gain

1560·P40 Preamplifier
1560-P96 Adaptor, to microphone connector 0

10:1 gain

1560·P40~

/

156().P4Q

l-IN CERAMIC MIKE
GR 1560-9510

VIBRATION PICKUPS
IGR 1560-P52. -P53, .P54)

CABLES WITH 3·PIN
MICROPHONE CONNECTORS
fGR 1560·9665.6, 7.8)

o Federal stock numbers are listed before the Index.
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Power Supply

Interface: INPUT (from preamp): Power to, and signal from,
preamplifier. Use Switchcraft type A3M microphone connec
tor. OUTPUT (to analyzer): Signal from preamplifier and
remote power control. Use Switchcraft type A3F microphone
connector. ADDITIONAL OUTPUT: Miniature phone jack for
connection to 1933 sound-level meter I analyzer and patch
cable fitted with miniature phone plugs (listing follows).
Supplied: 1560-9665 4-ft cable to connect to 1551, 1561,
1564, etc; 1560-9668 4-ft adaptor cable to connect to 1900,
1910, etc, and cable to connect to 1561 charging terminals.
Remote Operation: With line voltage not connected, preampli
fier can be set to Operate-Only mode by signal of +15 to 25 V
at 300J.l.A.
Environmental: TEMPERATURE: -15 to +50°C operating.
Mechanical: Convertible Bench cabinet. DIMENSIONS (wx
hxd): Bench, 8.5x3.84x5.5 in. (216x98x140 mm); rack, 19x
3.84x6.02 in. (483x98x153 mm). WEIGHT: Bench, 3 Ib (1.4
kg) net, 5 Ib (2.3 kg) shipping; rack, 5.5 Ib (2.5 kg) net, 8 Ib
(3.7 kg) shipping.

1560-P62 POWER SUPPLY Required with 1560-P40, -P42,
or 1972-9600 Preamplifiers when they are used with instru
ments that do not include a source of power such as the 1551
and 1565 Sound-Level Meters or 1900 and 1910 Analyzers.
Also useful when long cables are to be driven at high levels
and as a charger for rechargeable batteries in the 1561 Sound
Level Meter or 1952 Universal Filter.

A single front-panel control selects operating mode: OFF,
CHARGE ONLY, CHARGE AND OPERATE, OPERATE ONLY, RE
MOTE (off or operate-only mode selected remotely by instru
ment such as 1561 or 1564 analyzer), and BATTERY CHECK.
The batteries are easily removed by a slide-out clip and fit into
the same type of holder used in the 1952 Universal Filter.

Input: 100 to 125 or 200 to 250 V, 50 to 60 Hz.
Output: 18 to 21 V dc, 15 mA max; automatic limiting protects
supply and prevents deep battery discharge. BATTERIES: Two
rechargeable Ni-Cd batteries provide up to 225 mA-hours op
eration at room temperature between charges. RIPPLE: <5 mV
rms in CHARGE-OPERATE mode. CHARGE TIME: 14 to 16 h
for completely discharged battery, constant 22-mA battery
charging current. Rear-panel slide switch selects internal or
external battery.

Description

1560-P62 Power Supply, Bench Model
156O-P62 Power Supply, Rack Model
480 Rack-Adaptor Set

Catalog
Number

1560-9575
1560-9576
0480-9742

TO GR 1551, 1565 SOUND-LEVEL
METERS 11565 REQUIRES 1560·
P96 ADAPTOR)

TO GR 1900. 1910 ANALYZEAS
1560-9668

CABLE

1560-9665,6,7

CABLE

1560-P62

1- .:.:'560:=::=-9E6~S•.:::6•.:.....7 TOGR 1558. 1564, 1568,1922,1923 ANALYZERS.

CABLE 1525 RECORDER, 1561 saUND·LEVEl METER,
1934 NOISE EXPOSURE METE R

1560·27

GR 1972·9600
PREAMPLIFIER/
ADAPTOR

GR t560·P42
PREAMPLIFIER

GR 1560·P40

PREAMPLIFIER

Accessories for Acoustic Instruments
Microphone Windscreens

1560-9521
1560-9522

~Hl lutl
FREOOENCY

,
SENSJTIVITY CHANGE

0

I I II,
I I II.~ -

Microphone Windscreens, 4 each per pack
For I-in microphones
For Y2-in microphones

Wind-Noise Reduction: 20 dB in winds ~30 mph.
Microphone Sensitivity loss: 0 dB to 3 kHz, =0.5 dB to 5 kHz,
=2 dB to 12 kHz; see curve.
Windscreens are also available for 112-inch microphones. Their
specifications are similar to those for I-inch microphones.

These microphone windscreens reduce the effects of ambi
ent wind noise and protect the microphone diaphragm in oily,
misty, or dusty environments. They attach easily to any I-inch
microphone and do not appreciably alter the sensitivity or
frequency response of the microphone. The windscreens are
made of reticulated polyurethane foam and can be conveni
ently washed if they become soiled.

Tripod

1560-9590 TRIPOD Versatile - accepts a variety of equip
ment. A %-20 threaded stud fits all GR sound-level meters and
electronic stroboscopes, a I-in. sleeve accepts the 1560-P40
and 1972-9600 Preamplifiers, and a 112-in. sleeve accepts the
1560-P42 Preamplifier.

Description

Tripod

Catalog
Number

1560-9590
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Extension Cables

Preamplifier Cable Shielded 3-wire-plus-ground cable ter
minated in Switchcraft Type A3 3-terminal microphone con
nectors (male and female). For use between preamplifier
output and analyzer. Mates directly with input and output
connectors of 1560-P62 Power Supply and most GR acoustic
instruments. Provides a wire to carry power from analyzer
(for example) to preamplifier.
Net Weight: -P72D, 4.5 oz (127 g); -E, 13 oz (369 g); -F, 2.3
Ib (1.1 kg).

ceramic microphone to the input of an acoustic instrument
having the mating input connector. Note: Will not conduct
power to remote preamplifier; see cables listed above.
Net Weight: -P73, 1.1 Ib (0.5 kg); -P73B, 3.7 Ib (1.7 kg).

Microphone Cable Low-noise shielded extension cables
with Switchcraft Type A3 connectors (male and female, pin 2
unused). Used for connecting (for example) the 1560-P5

1933 extension cable, 4-wire, for extending the 1933
Preamplifier from the instrument case (not for general use).
Net Weight: 1.5 Ib (0.7 kg).

Description

Preamplifier Cable
156O-P72D Extension Cable, 4 ft
1560-P72E Extension Cable, 25 ft
156O-P72F Extension Cable, 100 ft

Catalog
Number

1560-9665
1560-9666
1560-9667

Description

Microphone Cable
156O-P73 Extension Cable, 25 ft
156O-P738 Extension Cable, 100 ft

Extension cable for 1933, 60 fl

Catalog
Number

1560-9673
1560-9982

1933-9601

Patch Cables

Shielded patch cords and adapting cables, for general use.
Net Weight: For 3-ft lengths, =2 oz (57 g); for 2-ft lengths,
=1.40z (40g).

Phone·Plug Cables With V4-in. phone plug at one end. Other
end, either similar or with hammerhead double-banana plug.

Miniature-Phone·Plug Adapting Cables With miniature
phone plug at one end. Various versions have at the other end
a double (in-line) banana plug or other regular-sized connec
tors, as listed.

BNC- and Banana-Plug Cables With both ends identical.
One version male BNC. The other version has in-line double
banana plugs.

Miniature Phone-Plug Patch Cords
1560·P77, with Double Banana Plug, 3 fl
1560-P78, with 'I4-in. Phone Plug, 3 fl
1560·P79, with BNC Plug, 3 It
1560-P80, with '14-in. Phone Jack, 2 ft

Adaptors

1560-9677
1560-9678
1560-9679
1560-9680

1560-P76 Patch Cord, Phone Plug, 3 ft
156O-P95 Adaptor Cable, Phone! Banana Plug, 3 ft. ~

776-C Patch Cord, with BNC plugs, 3 fl
274-NQ Patch Cord, with Double Banana Plugs, 3 fl

1560-9676
1560-9695

0776-9703
0274-9860

1560-9669 Adaptor Adapts 1560-P42 Preamplifier input
to Switchcraft type A3 3-pin microphone connector (female).
See note, below.

1560·P96 Adaptor Converts inputs of 1560-P40 Preampli
fier and 1565 Sound-Level Meter to A3 3-pin microphone con
nector (female). Note: This adaptor can be made easily by
removing a part from the 1560-9669 (above).

1562-9601 !h-in. Microphone Adaptor Adapts the 1562
Sound-Level Calibrator to fit GR V2-in. electret-condenser and
ceramic microphones.

1562-9603 1,4-in. Microphone Adaptor Adapts the 1562
Sound-Level Calibrator to fit GR 1f<l-in. electret-condenser mi
crophones.

1560-9561 Coupler/Adaptor Set Adapts V2, 1f<l, and Va-in.
Bruel and Kjaer air-condenser microphones to 1562 Sound
Level Calibrator.

1560-P35 Permanent·Magnet Clamp For firm holding of
a vibration pickup to a ferrous metal surface.

1560-9542 Adaptor Provides proper mechanical and
acoustical coupling between a I-inch air- or electret-condenser
microphone (including 1961-9601 and -9602 microphones
and Western Electric 640AA laboratory standard microphone)
and the 1560-P42 Preamplifier.

Preamplifier Accessories

1962-3200 Microphone Attenuator Attenuates output of
1962 V2-in. Electret-Condenser Microphones by 10 dB, to
allow operation of microphones at high levels.

1560-P9 Dummy Microphone Shielded 35 pF capacitor.
Used to simulate a 1962 V2-in. Electret-Condenser Microphone
to determine instrument noise floor. BNC input connector
also provided to connect a signal source, simulating a sound
signal. BNC shorting plug supplied.

o Federal stock numbers are listed before the Index.

Adaptors
Microphone Connector to Preamplifiers
1560-P96, Microphone Connector to Preamp.
1 in Microphone to Preamp
'12-in Microphone to Calibrator
'I4-ln Microphone to Calibrator

Coupler/Adaptor Set, Microphones to Calibrator

Preamplifier Accessories
Microphone Attenuator
1560-pg Dummy Microphone

1560-P35 Permanent·Magnet Clamp

1560-9669
1560-9696
1560-9542
1562-9601
1562-9603
1560-9561

1962-3200
1560-9609
1560-9635
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Condenser Microphone Systems

The following microphone sets include a microphone car
tridget. a 1560-P42 Preamplifier, all adaptors necessary to .
mate the cartridge to the preamplifier and to a 1562 Sound
Level Calibrator, and a carrying case for all components in
cluding the preamplifier.
Mechanical: DIMENSIONS (wxhxd): 10x2x7.25 in., 254x51x
184 mm). WEIGHT: 2.51b (1.1 kg) net, 61b (2.7 kg).

1560-9532 %-INCH CONDENSER MICROPHONE SET, flat
perpendicular response.

1560-9533 %-INCH CONDENSER MICROPHONE SET, flat
random-incidence response.

Nominal
Frequency Range

20 Hz to 40 kHz

20 Hz to 20 kHz

Nominal
Sensitivity Level"

re 1 VI N/m2

-40 dB

-40 dB

Typical
Dynamic Range""

re 20 I1N/m2

31 to 145 dB

31 to 145 dB

Description

2h-in. Condenser Microphone Set

Catalog
Number

1560-9532

1560-9533

1560-9534 lA-INCH CONDENSER MICROPHONE SET, flat
perpendicular response.

50 Hz to 100 kHz -54 dB 49 to 158 dB lA-in. Condenser Microphone Set 1560-9534

1560-9535 1,4-INCH CONDENSER MICROPHONE SET, flat
random-incidence response.

50 Hz to 70 kHz -60 dB 55 to 165 dB lA-in. Condenser Microphone Set 1560-9535

1560·9536 Yll-INCH CONDENSER MICROPHONE SET, flat
random-incidence response.

70 Hz to 140 kHz -73 dB 69 to 178 dB 'fa-in. Condenser Microphone Set 1560-9536

* Sensitivity level in the microphone-preamplifier combination is given for Xl (unity-gain) setting of the 1560-P42 Preamplifier; sensitivity is
increased by 20 dB by use of the XlO setting of the 1560-P42.

** A-weighted noise level to maximum rms sinewave signal level without clipping.
t The microphones supplied in these sets are manufactured by Bruel and Kjaer, Naerum, Denmark.

Guide to Microphone System Selection

The microphones, preamplifiers and power supplies
listed on the preceding pages may be put together to
make complete microphone systems, or one of the air
condenser microphone systems (or sets) may be selected.

Microphone Selection First determine the frequency
range and lowest sound level to be measured. Then, se
lect a microphone that will fulfill these requirements.
Note that the noise floor for each microphone will be
lower if the measured signal is analyzed with full octave
or narrower bandwidth filters.

Preamplifier Selection Three preamplifiers are offered.
The 1560-P42 is the most versatile, as it can be used with
all GR microphones and condenser microphones from
other manufacturers. It can drive very long cables and
provides a voltage-gain choice of 1 or 10 (0 or 20 dB).

The 1972-9600 Preamplifier/ Adaptor has the same in
put fitting as the 1560-P42; however, the former does not
have the polarization voltage capability and, therefore,
cannot be used with air-condenser microphones. This

unity-voltage-gain preamplifier is recommended for driv
ing cables up to 100 feet (30 m) long.

The 1560·P40 Preamplifier was designed for use with
the 1560-9570 Microphone (with adaptor base removed).
It will work well with accelerometers and other electrical
inputs when used with the 1560-P96 Adaptor. This pre
amplifier provides a voltage-gain choice of 1 or 10 (0 or
20 dB) and may be used with cables of moderate length.

Power Supplies All the preamplifiers mentioned above
require power to operate them; many GR sound measur
ing instruments supply it directly. (Consult the power
specifications of the 1560-P42 or the specifications for
the specific instrument of interest to see whether this
power is supplied). If a separate power supply is required,
use the 1560-P62. This should always be used (even with
instruments that supply preamplifier power) if very long
cables (over a few hundred feet) are to be driven, as the
preamplifier power supplies built into most instruments
have limited current capability.
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Vibration Pickups and Systems

.• accessories for sound-level meters

• select for:
high-frequency performance
high sensitivity
general application, economy

For the measurement of solid-borne vibrations with the
sound-level meter a vibration pickup is used in place of
the microphone.

Each of these vibration pickup systems consists of a
vibration pickup, a control box, and a connection cable.
The vibration pickup is an inertia-operated, ceramic de
vice, which generates a voltage proportional to the ac
celeration of the vibrating body. By means of integrating
networks in the control box, voltages proportional to
velocity and displacement can also be delivered to the
sound-level meter. The desired response is selected by
means of a three-position switch on the control box. Con
version data are supplied for translating the decibel in
dications of the sound-level meter into the vibration pa
rameters of displacement, velocity, and acceleration.

Type 1560-P11B
This system uses a lead-zirconate-titanate pickup,

identical with that used on the 1553-A Vibration Meter.
Probe and probe tips are provided. A permanent-magnet
mount is also available.

The 1560·PllB Vibration
Pickup System with the
1551·C Sound·level Meter.

Type 1560-P13
For measurements at higher frequencies than the

-PUB system affords, the -P13 combination is recom
mended, consisting of the 1560-P53 Vibration Pickup and
the 1560-P23 Control Box. A small holding magnet is
included.

This system with the Type 1551-C or -B Sound-Level
Meter provides the flat frequency response and low-noise
operation required by MIL-STD-740 (SHIPS) for vibration
measurement. (The holding magnet is not used for meas
urements according to that standard.)

Type 1560-P14
The vibration pickup used in this system has approxi

mately 10 times the sensitivity and 10 times the imped
ance of the 1560-P52.

Pickup Systems
General Purpose

1560-PllB
Vibration Pickup System

High Frequency
1560-P13

Vibration Pickup System

High Sensitivity
1560-P14

Vibration Pickup System

Ranges of Measurement 0.1 to 39,000 (100 g)t II 0.3 to 390!000 (1000 g)t 0.01 to 3900 (10 gt)tRms Acceleration (in./51)

Rms Velocity (in.Is) 0.001 to 300 at 20 Hz* 0.001 to 1000 at 20 Hz** 0.0001 to 30 at 20 Hz* I

I
100 at 60 Hz 1000 at 60 Hz* 10 at 60 Hz

10 at 600 Hz 100 at 600 Hz 1 at 600 Hz
Rms DIsplacement (in.) I 0.00003 to 1 at 30 Hz* 0.00003 to 10 at 30 Hz* 0.000003 to 0.1 at 30 Hz*

0.1 at 100 Hz 1 at 100 Hz 0.01 at 100 Hz

Frequency Range

Response characteristics
for constant applied (1)
acceleration, (2) velocity,
3nd (3) displacement.

1,* 8 kHld08 k )N tW·ght fS st (Ib)e e, 0 y em g (0. g) 'I 2 (1 kg)

Shipping Weight (Ib) 5 (23 kg) 5 (23 kg) 5 (2.3 kg)

Catalog Number I 1560-9922 1560-9613 1560-9614

Pickup Characteristics I TI
I

Pickup Type Number 1560-P52 1560-P53 1560-P54

Sensitivity (mVIg), nominal 70 I 70 700

Temp Coeff of Sens (dB/OC) <-0.01 I <0.02 0.01 I

Resonant Frequency (Hz) 3200 I 27,000 5000

Capacitance (pF) I 10,000 350 700

Temperature Range (OC) -18 to 100 -54 to 177 r -18 to 120

Relative Humidity Range (%) o to 100 o to 100 I o to 100 I

Cable Length (ft) 5 (1.55 m) 8 (2.5 m) 8 (2.5 m)

Dimensions (in.) 1%x1~.xx. % (hex) xO.7 lK. (dia) x 1M.
(mm) 42x37x15 15.5x18 31x27

Net Weight (oz) 1.6 (45 grams) 1.1 (31 grams) 3.1 (90 grams)

Catalog Number 1560-9652 ~ 1560-9653 1560-9654

t g = acceleration of gravity.
* Upper limit of displacement and velocity measurements depends upon frequency and is determined by the maximum acceleration possi

ble before nOAlinearity occurs (100 g for 1560·PllB, 1000 g for 1560·P13, and 10 g for 1560·PI4).
** Maximum reading of instrument.

~ Federal stock numbers are listed before the Index.
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1557-A Vibration Calibrator
• calibrates vibration pickups, meters

• generates 1 g at 100 Hz

• portable, battery-operated

This calibrator provides a single-frequency (100 Hz),
single-level (1 g) check on the GR Vibration Pickups, the
1553 Vibration Meter, or any pickup whose total mass is
300 grams or less. It can provide on-the-spot calibration
of vibration-measuring systems immediately before and
after important measurements and can also be used to
compare transducers or to calibrate working transducers
against a standard transducer.

Operation of the calibrator is simple. A pickup of
known mass is attached to the shaker, either in place of
one of the removable 50-gram disks or to one of the disks
by double-faced, pressure-sensitive tape. The user ad
justs the Level control until the panel meter, calibrated
in grams, indicates the mass of the pickup. The pickup
will then be automatically subjected to an acceleration of
19at100Hz.

The 1557-A is a small, battery-operated unit consisting
of a transistorized electromechanical oscillator and a cy
lindrical shaker. The acceleration output of the calibrator
appears at two pillbox-shaped, 50-gram disks mounted
on an internal cylinder that projects through the sides of
the instrument.

Also see Sound-Level Calibrators, Types 1562-A and 1567.

View of the calibrator with
Type 1560-P52 Vibration Pick

up attached.

SPECIFICATIONS

OUTPUT

Acceleration: l.g rms ::!:10%. 1 g = 386 in./s' (9.81 m!s').

Velocity: 0.614 in.! s (15.6 mm! s) rms.

Displacement: 0.000978 in. (0.0248 mm) rms; 0.00277 in.
(0.0704 mm) pk-pk.

Frequency: 100 Hz ::!:1 % for 50-gram load; 100 Hz +0, -2%
for 300-gram load.

GENERAL

Batteries: Four RM-4R (or equivalent) mercury cells. Battery
life is 100 hours of continuous operation. (Dry battery op
tional; please specify. Replacement is Eveready 724 or
equivalent.)

Supplied: Leather carrying case.

Mechanical: Aluminum case. DIMENSIONS (wxhxd): 4x8x4
in. (l05x205x105 mm). WEIGHT: 3.25 Ib (1.5 kg), net; 5.25
Ib (2.4 kg) shipping.

~ Federal stock numbers are listed before the Index.

Description

1557-A Vibration Calibrator ~

1557-A Vibration Calibrator (with dry battery)
Replacement Mercury Cell, 4 req'd
Replacement Dry Cell, 1 req'd

Catalog
Number

1557·9701
1557·9702
8410-1372
8410·1050
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1720 OIoadmiltance Meter as used in measurement of middle-ear functiol"'.

Audiometry and Psychoacoustics
One of the forces that drew General Radio and Gra

son-Stadler together was their common involvement in
acoustic research and the measurements that relate to
it Described on these pages are several of Grason
Stadler's major products, products that are used exten
sively by hearing clinicians and by researchers in hear
ing and the behavioral sciences. Complete information
on these G-S products appears in Grason-Stadler's
Catalog 100.

Instruments for Hearing Research
Audiometry Under license from Georg von Bekesy,

Grason-Stadler produced the first commercial Bekesy
audiometer two decades ago and has since installed
these units in clinics and hospitals all over the world.
G-S's present line of audiometers consists of a growing
family of manual and automatic audiometers ranging in
purpose from monitoring to diagnosis and research. The
1703 Recording Audiometer (see page 35) is designed
to be used under conditions in which large numbers of
subjects must be tested in minimum time - as in in
dustrial-hearing-conservation programs.

The 1704 Audiometer is a two-channel, fixed-fre
quency, pure-tone/ speech manual audiometer with
range, accuracy, and flexibility suitable for diagnostic

102 GRASON-STADLER

applications. The 1702 provides identical features but
adds the capability of automatic Bekesy-type fixed
frequency presentation and recording to the manual
capabilities of the 1704. The 1701, the most sophisti
cated unit of the G-S audiometer line, is a full-fledged
sweep-frequency / speech audiometer available in both
manual and automatic versions, and suitable for the
most exacting clinical and research applications.

Of interest to both clinicians and researchers is the
G-S 1720 Otoadmittance Meter, a precise and conveni
ent tool for deriving objective information about the
middle ear. The 1720 measures acoustic admittance as
a function either of variable air pressure in the ear canal
or of acoustic reflex.

Also of interest to clinicians and researchers is the
G-S 3951 Evoked Response System. The 3951 is a versa
tile package consisting of a signal averager, recorder,
neurological amplifier, and sufficient digital control
equipment to implement a variety of procedures involv
ing cortical potentials.

Psychoacoustics Designing and manufacturing spe
dal-purpose instruments for hearing research have been
specialties of G-S since its founding. What began as a
varied line of single-purpose devices has been converted
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into modular form and made compatible with G-S's mod
ular Series 1200 digital programming system. Users can
now quickly and easily assemble nearly any special
purpose instrumentation for signal generation, control,
and/ or monitoring they require, often with far greater
capability than any commercially available unit. More
over, when current requirements are satisfied, users can
reconnect their modules to deal with new and quite dif
ferent requirements.

Research Automation
In the mid-1950's, Grason-Stadler became one of the

first companies in the United States to. provide econom
ical, modular, relay-based experiment control equipment
for the growing need of behavioral researchers to auto
mate and replicate increasingly complex experiments.
Although this relay system continued to fill many re
search needs, developments in behavioral research and
in the life sciences in general have required control and
monitoring devices with more speed and flexibility than
relays provide. Grason-Stadler's response to these re
quirements has been to develop three separate pro
gramming systems; the first is based on relays, the sec
ond on solid-state logic, and the third on computer
control.

The 1100 Relay System This updated version of the
original relay system provides low-cost automatic con
trol of and data collection from moderately complex ex
periments whose events occur at rates up to 15 per
second. The system permits generating a wide range
of relationships between stimulus and response events
- fixed and variable ratios, fixed and variable intervals,
detection of coincidence, etc. Inputs from contact clos
ures can be programmed to control devices such as
food dispensers, slide projectors, shock generators
virtually anything whose operations can be governed by
contact closures. Modules provide basic programming
functions such as counting, timing, and stepping. Ex
periment parameters are established by means of con
nections between front-panel snap studs. Programs can
be changed quickly and easily by modification of these
connection~.

The Solid-State 1200 System This system is smaller,
quieter, and much faster than the 1100 Relay System,
and it permits automatic control of and data collection
from complex experiments with event rates up to 10,000
per second. Because the 1200 System is faster, it can
make more sophisticated decisions - from detection of
coincidences lasting only a few microseconds to near
instantaneous random-number generation and related
program modifications.

Series 1100 Relay Programming System - economy and flexibility in
experiment automation.
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Accessories Grason-Stadler provides an extensive
selection of accessories for its audiometric and psycho
acoustic instruments - booster amplifiers, calibrated
earphones, loudspeakers, tape recorders, phonographs,
X-V plotters, etc. In addition, through its affiliation with
General Radio, it can provide acoustic stimulus gener
ators, sound-level meters, distortion analyzers - vir
tually any instrument necessary to the generation, meas
urement, or monitoring of acoustic waveforms.
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Series 1200 Programming System - versatile control of experiment variables in psychoacoustics and behavioral sciences.

Applications of the 1200 System rang~ from stan
dard schedules of reinforcement in the behavioral sci
ences, threugh complex multi-alternative forced-choice
procedures in psychoacoustics, to evoked-potential
threshold tests in neurophysiology. Like the 1100 Sys
tem, the 1200 System is modular both in packaging and
in function. Control parameters can be established
either by front-panel jacks or through a quickly inter
changeable central programming board.

The SCAP System The SCAT system is designed to
permit on-line, real-time automation of multiple inde
pendent or highly complex single experiments. It is an
integrated hardware! software control and data-collec
tion system that utilizes a DEC PDP-8 series mini-com
puter as its central processor. The SCAT hardware ex
tends the basic capabilities of the computer by perform
ing a variety of time-consuming converting, storing, and
timing operations. The SCAT software permits the im
plementation, through easily-remembered commands, of
complex functions such as time-measurement, counting,
random-number generation, magnitude comparison, and
data collection and outputting. The software also sup
plies a query mode that permits both interrogation and
modification of on-going experiment variables.

Other G-S Products Grason-Stadler also offers ani
mal chambers that house small animal subjects, such
as rats, small monkeys, and pigeons. This equipment
mates easily with the 1100, 1200 and SCAT Systems.
Each chamber can be used independently or can be en
closed in a separate chest for isolation from extraneous

• State-Ghange Algorithm Terminology.
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environmental stimuli. Chambers include as standard
features manipulanda appropriate to the subject being
used, stimulus lights, a loudspeaker, and a grid floor.
A variety of interchangeable stimuli and reinforcement
options is avai lable.
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Transformers

Measure:

LineariCs

Measure: .

18 parameters, including
gain
impedance
offset voltage and current
slew rate
regulation
rejection ratios

inductance, inductance unbalance
dc resistance
transformation -ratio
capacitance

Capacitors
(Resistors. Inductors.
and Passive Networks)

Measure
and Sort

capacitance
equivalent series resistance
dissipation factor
leakage current

Thicl<-and
Thin-film Resistors

••

anodize systems
for tantalum thin-film resistors

laser systems
for thick-film resistors

Measure
and Trim

~ililiJ





Systems 2200 Multi-station Circuit and
Component Test System INewI
The GR Systems 2200 is a family of test and measuring

systems that contain many new measurement concepts,
all aimed at one goal - providing GR customers with
total-system service. GR's reputation is well established
in the areas of digital, analog, and passive (impedance)
measurement. Until the Systems 2200, this expertise has
been represented by separate instruments. In the 2200,
all these measurement capabilities are merged in a single
product, under computer control. With the 2200, better
measurements can be made than with separate instru
ments; evaluations are performed faster, more easily,
and more thoroughly.

A System 2200 can have from 1 to 18 test stations.
Each test station can be dedicated to a specific measure-

108 CIRCUIT TEST SYSTEMS

ment (or class of measurements) or can be a multi-pur
pose station capable of all the measurements in the sys
tem's repertory.

And GR does it all for you - no loose ends, no do-it
yourself adaptations, no ifs, ands or buts. The System
2200 we deliver includes all necessary hardware as well
as test programs and device adaptors (though both are
so easy to prepare that you don't have to depend on GR
for them). The system performs as specified, and we see
that its keeps working properly. GR has been around for
a long time - we can back up our promises!

2200 Measurements Tests and measurements that
the Systems 2200 can make include, but are not limited
to, the following:
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• Digital
Logic Function
Marginal Supply Voltage
High-Speed Word Acceptance
Time Interval

• Analog
Voltage, ac and dc
Current, ac and dc
Frequency

• Passive
Impedance, R, L, and C

with dc
or ac, 120 Hz to 1 MHz

Continuity
Isolation

A large multi-station system.

DEC
POP+eJE-AA
PlI:>CESS:Jl

<JWcm----~

L _

r----------- ----- ----~lw:sro.-,

I ~

Test Program Setup of any measurement system is
frequently a hidden trap, requiring much more time than
expected. The same can be true with computer-controlled
measurement systems, in which the potential snare is in
writing the test program. The programmer must know
intimately the device to be tested (with its idiosyn
crasies) and know measurement techniques and pitfalls
as well. Since trial-and-error procedures are very costly
at best, the program commands used to direct the con
nections and measurements must be explicit, unambig
uous, and directly related to the test and test conditions
being established.

The General Radio test language is just that kind of
programming tool. The command "ASSIGN", for exam
ple, directs the connection of drivers and sensors to the
OUT; "SET" establishes source or driver outputs; "MEAS"
and "TEST" command measurement or comparison
against a prescribed limit. Limits are specified easily as
(LIM = 15 + 5% - 5%) or (HI = 5030 LO = 4980).
Other commands, numerical values and the like are ac
cepted by the program in forms directly related to normal
test procedures and performance specifications.

As programmer, you can focus your attention on the
proper testing of a device; from the test procedure, the
program follows directly. From the program follows cor
rect and efficient testing of the component or circuit.

These capabilities can be expanded through use of the
system's computer as a processor to convert measure
ments to other, perhaps more meaningful, quantities or
as a comparator to make GO I NO-GO decisions. Other
functions and modes that the 2200 can provide are:
• Program editing and verification
• Error and other messages on teleprinter, CRT, or label

printer
• Diagnostic subroutines or complete programs

Scanners In any measurement setup, the proper con
nection of sources and measuring instruments to the OUT
is crucial for accurate results. In a computer-controlled
system, good connections are even more important, as
there is little chance for trial-and-error troubleshooting.
Also, a variety of connections (shielded, guarded, Kelvin)
is normally employed for various kinds of measurements
to ensure accuracy. These connections must be properly
selected and executed, with due consideration for proper
grounding, as in any measurement system.

For just these reasons, the GR scanners used in the
Systems 2200 have been designed as carefUlly as the
measuring circuits. Thirty types of scanner-relay cards
are available to make exactly the connections that your
measurement requirements may demand: Single and
multiple contact, wet and dry contacts, high isolation,
Kelvin.... Provisions are included in both hardware and
software to prohibit connections that would result in inad
vertent ground loops.
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1792 Logic-Circuit Test System
• programmable pin connections

• dual logic levels

• data terminal, 12-inch screen

• programmable power supplies

• 8-k core memory INewl

The GR 1792 system includes, as standard, many
features that are optional in other logic testers - fea
tures that speed program writing, verify operation, and
enable the 1792 to perform more tests, faster, on more
different circuits. For example: Power supplies program
mable over ±10% permit marginal-condition tests; dual
logic-level drive and sensing permit testing of boards
operating with mixed logic families. An improved test
program language further eases the writing job and in
creases versatility~

The basic 1792, in a handsome and convenient con
sole, includes a data terminal with 12-inch display screen.
Each pin of a circuit (60 pins or even more) can be either
driven or sensed (or both for short-circuit tests) as re
quired at each step of a test sequence. There is no more
powerful logic tester available than the GR 1792.

Dual-logic level sets Circuits under test which include
mixed logic levels are easily accommodated by the dual
logic-level sets in the 1792. One of two high levels can
be specified for each individual pin on the circuit, such
as +5 volts for TIL and +12 volts for HTLi all it takes is
two simple statements in the test program.

Programmable pins Any pin of the 1792 is selected as
either a driver or a sensor by means of program state-
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ments. These programmable pins also provide simplified
automatic input checking, such as testing for shorted
inputs.

Big-screen display A large 12-inch scope displays a
full page of the test program at a time - up to 23 lines
of 80 characters - and all presented on an easily read
format. An associated keyboard facilitates rapid program
preparation and editing directly on the scope with no
need to resort to the teletype.

Marginal testing Device power supplies can be varied
±10% by the program to test the DUT under marginal
Vee conditions.

8-k core memory Twice the computer core memory
(compared to the 1790) in the basic system provides
ample room for nearly any program plus permanent stor
age of all systems programs necessary to write, edit, and
run the test programs. You save the time, effort, and
confusion of running various systems programs in and
out of memory or of manipulating any computer controls.
An optional disk memory expands program storage ca
pacity to 1 million words.

Modular design The 1792 adapts to your application,
both present and future, quite simply, without the cost of
frills that are nonessential to your immediate situation.
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SIMPLE TEST LANGUAGE - Typical Statements

Actual tests Performance in practice proves the worth
of automatic logic-circuit testing. Prior to the introduc
tion of automatic testing in our facilities, we used hard
wired test fixtures for each board to be tested. These
fixtures required an average of two weeks to design and
fabricate and, although test times were reasonably short
(5 to 10 minutes), the lack of significant diagnostic infor
mation resulted in troubleshooting and repair times of
20 to 40 minutes.

Conservatively, a 1792 requires only one-tenth the time
for preparation and test and one-third the time for trouble
shooting as compared with our manual approach.

A large variety of measurement modules (instead of costly
instruments) can be added at the time of purchase or
later as the need develops.

The simplest setup of all You need only a test program
and a socket appropriate to your device. For the program,
you analyze the circuit and decide how it should be
tested, such as you would for a manual test procedure.
But, instead of writing an involved test specification, you
describe the necessary tests in a unique GR test language
- the easiest language available for any logic-circuit test
system and so simple you can learn it in a few hours.
Although simple, the language still permits nearly un
limited flexibility in the test program, including user
written assembly-language subroutines. An example of
some of the available tests is shown.

SPECIFICATIONS
Device Stimuli: PINS: 60 standard, easily expanded in groups
of 12 pins, programmable as either sensors or drivers (short
circuit protected). LOGIC LEVELS: Low of < 0.4 V fixed and
two highs, each of +1 to +12 V adjustable, higher levels to
+28 V available on request.
Power Supplies: +5 V, +15 V, and -15 V, all can be pro
grammed for nominal, +10%, or -10%. Fully programmable
supplies also available. - -
Display: SCOPE: 12-in. with 24 80-character lines; displays
alpha-numeric error messages, programmed diagnostic infor
mation and operator instructions, and test program during
preparation. Program can be prepared, edited, and loaded via
scope display and associated keyboard. TELETYPE: Prints out
error messages and test program listing and punches paper
tape. INDICATOR LAMPS: Display test results.
Control: By test program written once for type of device under
test. Program is prepared by use of display scope and asso
ciated keyboard and either loaded directly into computer or
punched and stored on paper tape and loaded into computer
at 300 characters/ s by high-speed tape reader. Tests can
also be controlled by panel switches, display keyboard, and
teletype keyboard to allow changes in stimuli or test conditions
and to permit diagnostic analysis.
Program: Written in easy-to-Iearn GR-originated test language
and stored on paper tape or, with optional disc or expanded
core memory, stored in memory. A permanent executive pro
gram permits operator to prepare test programs on display
and interactively test the device. An autoprogramming trans
lator program stores responses of a known-good device when
it is inconvenient to write outputs into test program.
Environment: TEMPERATURE: +10° to +38°C operating.
HUMIDITY: 10 to 90% RH.
Supplied: Logic probe, 2 self-test adaptors, teletype paper,
paper tape, training course at GR, and acceptance test at cus
tomer's facility. STANDARD SYSTEM: Includes computer with
8192 12-bit words of 1.2 JLs-cycle core memory and power-fail
option, interface and power-supply units, control panel; tele
typewriter with keyboard, reader, and punch; display terminal
with keyboard; and high-speed optical tape reader. STAN
DARD SOFTWARE: Includes operating, programming, and
maintenance manuals, and the following programs; editor,
translator, operating system, in a single combined interactive
system; autoprogramming translator; diagnostic; and compu
ter diagnostic and maintenance.
Disk Memory (optional): A 2315 removable disk pack.
Device Adaptors: Consist of a plug-in unit with access to test
system signal lines; ample space provided for special test cir
cuits, if required.
Power: 107 to 125 V, 60 ±0.45 Hz; 50 Hz and 220 V or other
versions available.

Specifies which pins on the OUT are
inputs associated with logic level set A.
Specifies which pins of OUT are inputs
associated with logic level set 8. Also
defines mnemonics to be used in place
of pin numbers.
Specifies which pins on OUT are out
puts associated with level A.
Specifies which pins on OUT are out
puts associated with level 8.
Specifies that tests are to be run with
low power supply voltage on OUT.
Sets specified inputs high, leaves other
inputs as they were in previous test.
Sets specified inputs low, leaves other
inputs as they were in previous test.
Checks that specified outputs are high
and that other outputs are as they were
in previous test.
Checks that specified outputs are low
and that other outputs are as they were
in previous test.
Generates a sequence of tests with all
combinations of the specified inputs.
DO loop provides a means of repeating
a series of tests; here the loop contains
the next test through test 17 and is re
peated 100 times.
Program ignores all output pins except
9, 15,24 and 39.
Transfers program to subroutine begin
ning at test 310. Subroutines enable
use of a particular sequence of tests
more than once during test program,
with only the designated pins affected.
Displays message to operator on CRT
display.
Transfers the program to test 71.
Displays message to operator on tele
type.
Program pauses, awaits operator ac
tion and prints "PAUSE 6" on CRT
display.
If specified output pins are high and
others are low, program transfers to
test 460.
Generates delay of fifty 100-I1S incre
ments (5 ms).

IF (6, 64) 460

DELAY 50

IGNORE (#9, IS, 25,39)

GOTO 71
TYPE REPLACE R2!

CAll (I, 2, 19, 4) 310

DO 17, 100

PAUSE6

" I A(l, 2, 10-14, 17, 23, 24)

Ol(6, 64, 39)

PRINT Change IC 34!

SEQUENCE (ClK, 19, 23)

Il(17, 22,24)

IH(l, 19, RESET)

PLOW

* 0 A(3, 4, 25, 31, 39)

* 0 8(6, 9, 15,64,.81)

* I 8(18,19,22, ClK = 37,
RESET = 51)

OH(3, 9, 25,31)
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All the features The 1790 is a computer-controlled
functional and diagnostic test system for logic elements,
be they simple devices, complex assemblies, or entire
instruments. The basic system accepts circuits with 96
inputs and 144 outputs (easily expanded). It performs up
to 4000 tests per second and provides scope-displayed,
typewritten, and bright-light results of any or all tests 
at your command - in terms of a simple GO/NO-GO
indication or a detailed account of each test. In many
cases, your entire test department can be a single 1790!

Simple setup The flexibility of the 1790 eliminates the
need for costly special tooling, test fixtures, and docu
mentation - you need only a test program and a socket
appropriate to the device to be tested. For the program,
you analyze the circuit and decide how it should be tested,
much as you would for a manual test procedure. But,
instead of writing an involved test specification, you de
scribe the necessary steps using a unique GR test lan
guage - so simple you can learn it in a few hours.

High speed This analyzer is so fast that most test
schedules will be limited only by the rate at which devices
can be connected to the system. You can be sure of
rapid sorting and sufficient time to troubleshoot any de
fective devices.

Speedy troubleshooting The versatility of the 1790
test language allows a great deal of diagnostic information
to be included in the test program. When certain failures
are encountered, the program can branch to detailed
diagnostic routines and display helpful suggestions or
instructions as alpha-numeric messages on the built-in
scope. You will appreciate the logic probe (provided) and
the provision for external test equipment such as coun
ters, DVM's, and scopes. The mode of testing and the
selection of all tests to be executed can be determined
at the control panel and teletypewriter keyboard.

An array of all normally used controls is conveniently
located near the device under test, grouped for minimum
operator fatigue, to ensure high production rates. Push
buttons control all systems operations. They start the
test sequence, continue it after a programmed pause or
error message, and enable the sequence to be modified
by keyboard commands.
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1790
Logic-Circuit
Analyzer

• up to 4000 tests per second

• GO/NO-GO tests or complete analysis

• easily-mastered test language

• bright-light, scope-displayed, and hard-copy
records

• no reference modules needed

• optional: input checking, marginal testing,
additional tape or core memory

• modular design permits adding instrumentation

Four bright lights Go, Fail, Pause, and Conditional Go,
display the results of the test. A Conditional Go indicates
the device successfully reached the end of the program,
but not all tests were executed. (For example, perhaps
a keyboard instruction started the sequence of tests in
the middle of the program.)

Device adaptors provide the interface to the device
under test (the OUT) and are easily interchanged by the
action of a single lever. They are recessed, together with
accessory jacks, into the broad desk top that can be used
for drawings and auxiliary test equipment. The adaptors
include pins for wire-wrapping to a socket for the OUT
and for incorporating any additional control or monitoring
circuitry or external loads that may be required for the
particular device.

A scope, located at a convenient viewing angle, is the
primary means of message display. Hard-copy records of
error messages and diagnostic suggestions are also avail
able from the teletypewriter at the push of a button.

The high-speed tape reader is used for rapid loading
of programs in standard versions of the 1790. In versions
with additional memory, a large number of programs can
be stored on a tape cassette, rather than on individual
paper tapes, and can be automatically loaded on com-
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mand. No computer switch manipulation is required in
either case; all loading is done by the push of a button
or, in versions with the additional memory, by a command
entered on the teletypewriter keyboar'd.

A teletypewriter is enclosed under a protective cover
that reduces noise and provides additional workspace.
The teletypewriter slides out for use in program prep
aration.

Additional memory (optional) provides over 30 times
the normal number of test statements that can be written;
up to 30,000 separate statements are possible. Many
programs can be stored on a single cassette, and cas
settes can be interchanged quickly so that complete test
procedures for anyone of hundreds of different devices
are only a fingertip and a few seconds away.

A human tongue You can prepare test programs in
the 1790 test language more simply than you can write
manual test procedures. You get more for your effort, too,
not only a description of how to test your device, but a
program that will test it. A few statements provide a
large number of tests.

SIMPLE TEST LANGUAGE - Typical Statements

Conservatively, the 1790 required only one-tenth the
time for preparation and test and one-third the time for
troubleshooting as compared with our manual approach;
these figures are based on several years of experience.

MANUAL 1790
Time Money Time Money

Preparation 4000 hr $16,000 400 hr $1,600
50 board types

Test 845 hr 3,380 84 hr 168
10,000 boards! year

Troubleshooting and Repair 333 hr 1,332 100 hr 400
1,000 rejects! year

Totals 5178 hr $20,712 584 hr $2,168

Wages based on $4.00 per hour except for the 1790 test times that are
based on $2.00 per hour (for relatively unskilled labor).

Payback in two months Prior to the installation of a
1790 in our facilities, we used hard-wired test fixtures for
each board to be tested. These fixtures required an aver
age of 2 weeks to design and fabricate and, although test
times were reasonably short (5 to 10 minutes), the lack
of significant diagnostic information resulted in trouble
shooting and repair times of 20 to 40 minutes.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

" .•

'"..•
~.

1000 boards per year of 100 types

Complex circuits no problem The 1790 is in use in our
facility as well as in dozens of others where it is busy test
ing, troubleshooting, and aiding in the design of inte
grated circuits, LSI arrays, and circuit boards containing
over 300 IC's. In the following examples, programming
time includes time spent in analysis of the device.

21 inputs, 10 outputs
This board contains an 8
bit accumulator, 8 read-in
gates, an 8-bit memory
buffer, 2 four-bit full-bi
nary adders, and 8 forty
eight-bit shift registers
(40 IC's and 76 other
components). Time spent
was 16 hours for pro
gramming, 16 hours for
device-adapter fabrica
tion (to wire adaptor and
construct a special driver
circuit), and 400 ms for
all 338 test statements.

32 inputs, 63 outputs This assembly contains 7 SCD
to-decimal display tubes, 6 ten-position switches, an eight-

Payback period in months based on labor savings

1000 boards per year of 50 types

10,000 boards per year of 50 types

Defines number of inputs and identifies pins
to which they are connected.
Defines number of outputs and identifies
pins to which they are connected.
(Programmable Levels) Sets power supply
voltages.

(Programmable Levels) Sets each set of in
put drive levels to device under test.
(Programmable Levels) Sets each set of sen
sor thresholds for" output from device under
test.
Sets specified inputs high, leaves other in
puts as they were in previous test.
Sets specified inputs low, leaves other inputs
as they were in previous test.
Checks that specified outputs are high and
that other outputs are as they were in pre
vious test. With universal device adaptors,
also checks inputs.
Checks that specified outputs are low and
that other outputs are as they were in pre
vious test. With universal device adaptors,
also checks inputs.
Generates a sequence of tests with all com
binations of the specified inputs.
DO loop provides a means of repeating a
series of tests; here the loop contains the
next lest through test 17 and is repeated 50
times.
Transfers the program to test 36.
If specified outputs are high and other out
puts are low, program transfers to test 31.
Transfers program to subroutine beginning
at test 45. Subroutines enable use of a par
ticular sequence of tests more than once
during test program.
Program does not check specified outputs.
Displays message to operator on scope.
Displays message to operator on teletype
writer.
Program pauses, awaits operator action, and
prints "PAUSE 3" on display scope.
Generates sync pulse on external line 2.
Generates delay of fifty 100-!'s increments
(5 ms).

DO 17, 50

IGNORE (4, 18)
PRINT CHANGE IC34!
TYPE REPLACE R2!

SYNC 2
DELAY 50

*0 (3, 4, ... 18, 19, 20)

GOTO 36
IF(3,4)31

PAUSE 3

" (1, 2, ... 17,23,24)

CALL 45

SEQUENCE (1, 23, 17)

OL (4, 19,20)

OH (3, 18)

IL (23, 24)

IH (1,2,17)

PS 1 5.08
PS 2-10.68
PS 335.00
DR 1 H 4.50 L 0.45
DR 2 H 5.08 L -10.68
TH 1 H 4.82 L 0.32
TH 2 H 5.08 L -10.68
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* Please consult GR; the nature of your system and its options deter
mines the appropriate software and a choice of variations not detailed
here.

(Describe
exactly as
shown at
the left.)

1790-9605
1790-9606
1790-9607
1790-9608

1790-9601
1790-9602
1790-9603
1790-9604

1762-9610

Catalog
Number

No
No
No
No

24
48
72
96

• • •• • •

72
144

72
144

72
96
72
96

No
No
Yes
Yes

Universal Device Adaptor
No 72 72
No 72 72
Yes 72 72
Yes 96 144

1790 Logic-Circuit Analyzer
115-V, 60-Hz Model
115-V, 50-HZ Model

Select follOWing options, if desired
OP2 Additional Memory
OP3 Programmable Levels
OP4 Extra Core Memory (4 k)

Options available for retrofit in the field,
by GR personnel*

Additional Magnetic-Tape Memory
3K Programmable Levels
4K Extra Core Memory (4 k) for PDP-8!e

Accessories available

Power Transformer (for line voltage of
105, 210, 220, 230, and 240 V, ±8%)

Standard Device Adaptor
Socket Inputs Outputs Programmable
Holes Pins (in! out)

Description

96 inputs and 144 outputs; consists of 2 magnetic-tape-cas
sette transports housed in space normally used for storage
drawers. Standard Phillips-sized cassettes used, each with
300 ft of tape.

Programmable levels (optional): INPUT (drive): Two sets of
input levels can be set independently by test-program state
ments from -30 to +30V in 10-mV steps; short-circuit cur
rent is 10 to 25 mA and slew rate is typically 2 V/ JLs. OUT
PUT (sense): Two sets of output levels can also be pro
grammed independently from -30 to +30 V in 10-mV steps.
Outputs can be programmed to either set of sense levels.
POWER SUPPLIES (3): Also programmable, one from -20 to
+20 Vat 2 A max in 40-mV steps, and two from -40 to +40 V
at 1 A max in 80-mV steps.

Standard Device Adaptor
Kits: Consists of a frame
plus etched-circuit boards
containing pins that con
nect to 1790 inputs and
outputs. Pins are wire
wrap connected to sockets
or other connection arrangement for OUT. One version is
with holes in 250-mil rows with l25-mil spacing for sockets:
the other version is without holes; both are available with 72
inputs and 72 outputs or 96 inputs and 144 outputs. With in
put and output terminals hard-wired to 1790 drivers and
sensors, one standard device adaptor generally accommodates
only as many types of devices as there is room for sockets.

Universal Device Adap
tors: Similar to standard
device adaptors except
many terminals can be
programmed as either in
puts or outputs by means
of simple statements in
test program.

Power: 107 to 125 V, 60 ± 0.45 Hz, 1375 W plus 500 W each
for additional-memory and programmable-level options; other
voltages and frequencies available.

Mechanical: Console model. DIMENSIONS (wxhxd): 74x48x
34 in. (l880x1l20x875 mm). WEIGHT: 586 Ib (266 kg) net,
824 Ib (374 kg) shipping plus 60 Ib (27 kg) for additional
memory option.

position switch, 24 dpdt pushbutton switches, and a dpdt
toggle switch. Time spent was 8 hours for,programming,
8 hours for device-adaptor fabrication (to wire adaptor
and to construct special cables from adaptor to assem
bly), and 3 minutes for all 188 test statements, including
time for operator to reset controls on assembly according
to instructions displayed on scope.

11 inputs, 18 outputs
This board contains de
coders, a 3-bit binary t

counter, a 14-bit shift reg
ister with parallel output,
and 15 read-in gates (27
IC's and 5 other compo
nents). Time spent was
8 hours for programming,
30 minutes for device
adaptor fabrication (to
wire adaptor), and 80 ms
for all 151 test state
ments.

- See GR Experimenter for January! February, March! June, and July!
September 1970.

SPECIFICATIONS

Device Stimuli: INPUTS: 96. Drivers are TTL 7440 power
gates. OUTPUTS: 144. Sensors are DTL 944 NAND gates.
POWER: +5, +15, and -15 V at 1.25 A max.
Display: SCOPE: Displays alpha-numeric error messages, pro
gramm:=d diagnostic information and operator instructions,
and test program during preparation. TELETYPE: Prints out
error messages and test-program listing, INDICATOR
LAMPS: Display test results,
Speed: 4000 tests! s! pin for 12 inputs and 12 outputs (250
JLs! test), 1100 tests! s! pin fo(96 inputs and 144 outputs (900
JLs! test).
Control: By test program, written once for type of device under
test. Program is stored on paper tape and loaded into com
puter at 150 words! s by tape reader or, with optional addi
tional memory, stored with other programs on magnetic-tape
cassettes and loaded into computer at 330 words! s. Tests can
also be controlled by pa'nel switches and teletypewriter key
board to allow changes in stimuli or test conditions and to per
mit diagnostic analysis.
Program: Written in easy-to-Iearn GR-originated test language
and punched on paper tape or, with optional additional mem
ory, recorded on magnetic-tape cassettes, using an Editor
program to simplify changes. A Translator program converts
test statements to binary form used by the systems and pro
vides a full set of program error messages. An Autoprogram
ming Translator program stores responses of a known-good
device when it is inconvenient to write outputs into test pro
gram.
Environment: TEMPERATURE: +10 to +50°C (+10 to +38°C
with optional additional memory). HUMIDITY: 10 to 90% RH
Supplied: Logic probe, 2 self-test adaptors; teletype paper,
paper tape, 3-day training course at GR, and acceptance test
at customer's facility. STANDARD SYSTEM: Includes com
puter with 4096 l2-bit words of 1.2-JLs-cycle core memory,
interface and power-supply units, c.ontrol panel, teletypewriter
(including keyboard, reader, and punch), display oscilloscope,
and high-speed optical tape reader. STANDARD SOFTWARE:
Includes operating, programming, and maintenance manuals,
and the follOWing programs: Editor, Translator, Operating Sys
tem, Combined Interactive System, Autoprogramming Trans
lator, Diagnostic, and computer diagnostic and maintenance.
Additional Memory (optional): Increases test-program length
to 30,000 tests for 12 inputs and 12 outputs or 5000 tests for

114 CIRCUIT TEST SYSTEMS GENERAL RADIO 1973 CATALOG



1793 Logic-Circuit Tester
The 1793 is the "starter system" of the GR line of

logic-circuit testers. With it you gain the economies of
rapid digital testing of complex logic circuits at the lowest
initial cost.

The 1793 is easily expanded when need and resources
dictate. The basic version includes connectiol') capacity
for devices with up to 48 input and 48 output pins, push
button control with bright-light annunciators for the op
erator's convenience, a computer, a teletypewriter, and
all necessary programs: Editor, Translator, and Operating
system. Diagnostic instructions and other messages can
be programmed to reduce troubleshooting time.

Several options are available, initially or later. They
include (for faster input and output than afforded by the
teletypewriter) a CRT display, high-speed tape reader,
and cassette transport. Also, an autoprogramming fea
ture obviates the programming of acceptable output con
ditions through the initial testing of a known good board.
For even more testing capability and extra time-saving
options, consider the GR 1790 Logic-Circuit Analyzer.

Test-oriented language The 1793 uses the same high
level test language as the 1790. Test programs are writ
ten in the same order as manual test procedures, with
commands relating directly to them, for smooth and easy
preparation.
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Device adaptors are supplied in dedicated and univer
sal versions, including, if you wish, additional control or
monitoring circuits or external loads.

Simple setup A quick change of test program readies
the 1793 for testing a new device. No costly special tool
ing, test fixtures, or documentation is required.

High speed Test rates up to 4000 tests per second
ensure that throughput in most instances will be limited·
only by device-handling time. You get fast sorting and
gain valuable time for troubleshooting any defective
devices.

Operator control is provided by a convenient array of
pushbuttons accompanied by bright-light indicators of
the test progress and results.

Speedy troubleshooting The versatile 1790/1793 test
language permits inclusion of a great deal of diagnostic
information for on-line operator instruction, report prepa
ration, or off-line troubleshooting of rejects. A logic probe
is a standard accessory. Diagnosis is further enhanced
by provisions for connection of external test equipment
and by panel control of step-by-step or "test to failure"
modes.

Program loading Normally accomplished through the
teletype tape reader, this can be speeded up with optional
high-speed tape reader or cassette-tape transport. The
latter is superior if you wish to store a large number of
test programs. Programs are automatically loaded on
command from the control panel or keyboard, without
manipulation of the computer control.

Instant readout An optional CRT affords instant dis
play of operator instructions and in-process or final test
results. You will appreciate it particularly in test-program
editing and in troubleshooting of faulty circuits.

New Since
Catalog U
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Model 600M Wrapping Station

ComputerWrapTM Wire-Wrapping Systems
• field-proven computer-controlled hardware

• low-cost N/C specifically designed for wire wrapping

• 150 machines on four continents

• thoroughly debugged software

ComputerWrapTM wire-wrapping systems speed the
manufacture of circuit boards, mother boards, and back
planes by precisely directing the lead selection, routing,
and wrapping of circuit wiring. A computer or N / C con
troller ensures fast, error-free terminal location. The
ComputerWrap work stations, of which there are three
models, provide the operator with conveniently located
status indicators and controls placed for minimal delays.
Over two years of proven performance with more than 150

116 PRODUCTION SYSTEMS

ComputerWrap machines around the world assure you of
dependable hardware, versatile software, and responsive,
world-wide service back-up.

Three different wrapping station models (the 400, 500,
and 600M) are available, two control options (N / C* and
direct computer control), and the most extensive soft
ware support package in the industry. All station models
are identical electrically and in program and function;
the computer and N/ C controls are plug-compatible. The
result of this uniformity is that the same N/ C can drive
any of the three station models interchangeably, that any
combination of station models can be driven from the
computer, and that an N/ C machine can be converted
to a full computer-controlled system in the field.

* Numerical control.
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Uncommon features common to all models

• 300-inch/ minute operating speed
• twisted-pair capability
• intermediate route point capability
• operator control of zero-set check ("rezero")
• absolute positioning
• unlimited backup
• ability toskip ahead or behind within wire list instantly
• full job controls with unique "out-of-position"

light and associated motion inhibit
• all controls and displays at convenient eye level

and on the station for maximum efficiency
• full floating zero for minimum setup requirements
• complete program and cO'!trol interchangeability

between all station models
• plug-compatible computer and N/ Ccontrols for field

upgrading

Model differences The wrapping station models 400 and
500 differ from the bOOM in that the latter moves the
work panel vertically while the terminal locator is moved
horizontally. The 400 and 500 hold the work piece fixed
while moving the terminal locator along two axes. The
600M is the preferred machine for large panels as the
operator has no up and down arm movement; this model
will accommodate panels as large as 36 x 28 inches, with
lOY2-inch depth, and 400-pound weight. The 500 requires
less floor space than the 400 and has an 18 x 18-inch
wiring area and 7-inch panel-depth capacity. The 400
will accept a 25 x 38-inch panel of any depth.

The question of computer- versus numerical-control is
not easy to answer. Each has its place. If a generaliza
tion must be made, computer-control is better suited to
large, multi-station installations, while N/ C is more eco
nomical for one- or two-station installations.

An important and frequently overlooked aspect of
automated wire wrapping is the importance of software
in tape preparation and modification as well as in operat
ing programs. Many man-years of effort provide our

Model 400 Wrapping Station
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customers with the best programming backup in the wire
wrapping industry.

Mor'e complete information on the software, hardware,
service support, and warranty is available on request.

Model 500 Wrapping Station

Computer Control

Numerical
Control
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Auto Shear

Total Computer Assist to your N/C
Sheetmetal Fabrication

Auto Form

Increase profits and be more .
competitive by pairing N/C with this
new computer-aided system

Techware Computing Corporation, a GR company, sup
plies computer-produced layout drawings, numerical-con
trol tapes, cost and manhour predictions, and tool-life
control information. These and many other associated
services can save up to 75% in manhours and 40% in
turn-around time while doubling the productivity of your
sheetmetal fabrication facilities. Savings will be seen in
prototype and production stages, in design, manufactur
ing, and cost accounting.

NEW METHOD

o OLDMETHOD

More competitive bids Sheetmetal parts comprise such
a large portion of every electronic system that the costs
of sheetmetal design, prototype fabrication, and produc
tion will significantly effect the bid price. Furthermore,
if parts are not available when needed, the effects can be
disasterous, adding to the cost and time required at each
stage of the contract's life. Knowing this, bidders tradi
tionally add in enough manhours and time to cover un
foreseen costs and delays resulting from sheetmetal
problems.

Assuming that competing contractors are equally com
petent technically, the edge in successful bidding comes
from the price quoted. Bids for electronic systems will
contain nearly identical material costs. The big variables
are manhours and the time required for design, prototype
fabrication, and production. If contracts are lost owing
to price, then we must analyze these variables and learn
how to control them.

Competitive bids will result from a system that intro
duces speed, economy, reliability, and increased produc
tivity to the development! manufacturing cycle of your
products. Techware offers just such a system. With it,
you realize:

CYCLE TIME
CUT 40%

MANHOURS PRODUCTIVITY
CUT 75% DOUBLED

• low-cost design, drafting, and checking
• accurate and inexpensive prototypes with no delay
• predictions of future costs early in the contract life
• tight control on the costs of expel'Jsive special tools
• on-time production release that is reliable and inex

pensive
• minimal new-capital requirements
• guaranteed minimum unit cost per manhour with

maximum productivity
• high quality without high-cost inspection and quality

control

Economic changes achieved by combining N/C with a new computer
aided system for design, prototypes, and production of sheetmetal.
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The advantages of computer aid and N I C techniques
have been extended by Techware to the shear and power
brake so that every step in sheetmetal fabrication can be
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.shortened and some even eliminated. The system is so
versatile that, for example, several different prototype
parts can be fabricated from the same sheet at produc
tion efficiency.

Proven Technique Techware's new system has been
proven practical at the General Radio plant at Bolton,
Massachusetts. Combining the speed and accuracy of
the computer with the versatility of N / C equipment, this

method has decreased sheetmetal production costs by at
least 3 to 1 each year.

Over the past few years, General Radio has applied this
powerful new system to the problems of converting new
designs and raw material into finished products - at
competitive prices. You can, too.

The bar chart illustrates what has actually been gairied
at General Radio. We can arrange for you and your people
to see this operation at your convenience at GR.

:--------------COMPARE-------------~
TRADITIONAL METHODS

RECEIVE, INSPECT &
MOVE MATERIALS
(MANY SIZES)

CUT MATERIAL SQUARE
• SET-UP-FIRSTSIDE
• SHEAR FIRST SIDE
• SET-UP-SECOND SIDE
• SHEAR SECOND SIDE

REJECT
INSPECT

MOVE MATERIAL
SET-UP N/C EQUIPMENT
& FABRICATE PARTS

REJECT
INSPECT

NEW CAD. & N/C METHODS

RECEIVE, INSPECT &
MOVE MATERIALS
(STANDARD BLANK SIZE)

100%
ELIMINATION OF
PRE-SHEARING
OPERATIONS &
INSPECTIONS

MOVE MATERIAL
SET-UP N/C EQUIPMENT
& FABRICATE PARTS

MOVE MATERIAL TO SHEAR
• SET UP SHEAR 1st SIDE
• SHEAR 1st SIDE
• SET UP SHEAR 2nd SIDE
• SHEAR 2nd SIDE

REJECT
INSPECT

REDUCED COSTS

• PROTOTYPE FAB
• SPECIAL TOOLING
• INSPECTION
• PROGRAMMING
• MNFG. ENG.
• ENG. CHANGES
• CLERICAL

100%
ELIMINATION OF
POST SHEARING
OPERATIONS &
INSPECTIONS

MOVE MATERIAL TO
POWER BRAKE -

• SET UP BRAKE FOR
EACH BEND REQUIRED

• FORM PARTS

REJECT
INSPECT

...
CONTINUE
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MOVE MATERIAL
50% REDUCTION OF
POWER BRAKE SET-UP

• ACCURACY TO ±.OOS"
• REPEATABILITY TO .002"

REJECT
INSPECT

...
CONTINUE
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MIS 80 Laser Trim System
• functional or resistance trimming

with modular versatility

• automatic substrate handling
with optional automatic ejection

• up to 12,000 trims per hour to 0.1 % accuracy
with production-proved YAG laser

• simple setup
with interchangeable 48-position probe ring,
TV monitor, and simple trim language

• expanded capabilities
with optional step-and-repeat probing,
reject marking, and cassette memory

Complete versatility The Micronetic Systems Model
80 Laser Trim System is a complete computer-controlled
trim system for thick- or thin-film active circuits or pas
sive resistor networks. It is particularly well-suited for
use with fully-completed active circuits and can trim to
such circuit parameters as ac and dc voltage and current,
or frequency, in addition to resistance or resistance ratio.

The system includes a YAG laser, X-V beam positioner,
automatic substrate handler, easily interchangeable
probe ring, measurement module, computer, and TV
monitor with joystick control. All elements are arranged
for efficient operator control.

The low-cost probe rings are equipped with 24 indi
vidually adjustable probes, but will accommodate up to
48. Also available to suit your particular requirements
are other extras, such as refrigerated closed-cycle laser
cooling, step-and-repeat probing, automatic substrate
ejection, cassette memory, and reject marking. These
can be added at the time of purchase or later as the need
arises. Thus, the trimmer suits your application, both
present and future, simply and without the cost of non
essential frills.
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Precision performance The automatic substrate han
dier incorporates four nests that accommodate sub
strates up to 3 in. square or other common circuit con
figurations and performance boards. The substrates are
held against two alignment ears by the vacuum system, to
assure precise alignment with the same reference corner
used in the printing operation.

Computer control and precise beam positioning pro
vide straight line, L-shaped, serpentine, or other cOmbi
nations of straight-line trim patterns. A unique edge
seeking feature permits accurate location of the trim even
in the absence of accurate printing registration on the
substrate.

The entire substrate is probed simultaneously by
means of individually adjustable probes located on easily
interchanged probe rings. Each ring accepts up to 48
probes that can be simply and accurately set up for each
type of circuit to be trimmed. The ring can be left in
place and the probes readjusted for the next circuit type
or the entire ring can be replaced by another ring whose
probes have been pre-adjusted for the new circuit.

A step-and-repeat option simplifies, speeds, and ex
pands the probing capabilities for circuits with repetitive
patterns. All probes are Kelvin-wired to eliminate meas
urement errors due to lead impedances and thus assure
highly accurate trims. A driven-guard terminal permits
trims in closed-loop configurations without the need to
break a resistor chain or to reconnect resistors after
trimming.

Cost-cutting efficiency Micronetic Systems laser trim
mers pay for themselves within as short a time as one
year, while providing trims for less than 0.5 cent each
(about half the cost of conventional air-abrasive systems).

This performance stems primarily from the system's
over-all speed - the result of a number of engineering
achievements. The Q-switched YAG laser permits accu
rate trims at speeds up to 2 inches per second. Even
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2250-9780

Catalog
Number

T- 20X, • 333H

IF >10.1K,JE

IF < 5K. JF

P X 10('), Y3lil0

IF < 5K, JE

T- 20X, 10K, • 5D

Description

MI S trim systems are warranted against defects in materials and
workmanship for one year from date of purchase.

RATIO TRIM This trim plan is also simi
lar to that for normal trim, except in this
case the resistor is to be matched. A
datalog statement (M) instructs the bridge
to measure the final value of the previous
resistor trimmed and store the value in
the R register. The trim statement (T)
then instructs the laser to trim until
either the cut is 20 mils long or the re
sistor is 0.333 the value of R2 (any ratio
of 3 digits from 0.001 to 999 can be
specified). Thus, by use of a simple data
log statement and a slight modification
to the normal trim statement, resistors
can be easily matched.

EDGE SENSING Again, the requirements
are the same as for the normal trim
above except a seek instruction (S) has
been added. This statement first causes
the measurement bridge to measure R3,
then sets it to one least-significant bit
higher than the measured value. The
laser beam is then moved toward the
edge of the resistor until the bridge de
tects an increase in value of the resistor
of one least-significant bit, indicating the
beam has located the resistor. The posi
tion statement (P) merely serves to lo
cate the resistor approximately. Edge
sensing is thus a rapid and accurate
technique for locating small resistors on
substrates where the part-to-part printing
registration would not normally be suf
ficient for such precise positioning.

DEVIATION-L TRIM Here the require
ments are the same as before except an
L-shape is desired rather than a straight
cut. The first trim statement (T) directs
the laser to remove only one-half the dif
ference (O.5D) between the initial meas
ured value and the final value, to a max
imum resistance of 10 kfi or a maximum
cut of 20 mils. The second trim state
ment completes the L-trim by directing
the beam to proceed at a right angle
until either the cut is 40 mils long or the
resistor is 10 kfi. Thus, by means of a
few simple trim statements, the trim
plan can direct any combination of
straight-line geometries.

MIS 80 Laser Trim System
For Added Capability:

Cassette Memory Extension
High-Speed Li ne Printer
Refrigerated Laser Cooler
Automatic Substrate Ejection
Step-and-Repeat Probing
Reject Marking

Replacement Nest, additional
Probe Ring, 1 normally supplied, 48-probe capacity
Probe for probe ring
Laser Lamp, spare

IF> 10. 1K, JE

IF >9.9K,J/~

IF <5K,JE

T- 2VJX, 10K

faster is the X-V beam positioning table that directs the
spot over the entire substrate at an optimum speed of
8 in./s, with a resolution of 0.001 in. and a repeat accu
racy of 0.0001 in. Finally, the measurement module en
ables decisions in less than 100 microseconds.

To take advantage of the high trim rates and to in
crease throughput even further, the substrate is probed
in its entirety and the multi-position handler allows sub
strates to be loaded and unloaded while a trim is in pro
cess. In addition, with functional trimming, complete
circuit compensation usually can be achieved by trim
ming only a few resistors rather than trimming all of
them. Functional trimming also improves yield, elimi
nates the need for a separate final-test operation, and
compensates for wide fluctuations in active-device param
eters so that substantial cost savings are possible.

Time-saving simplicity Since a computer controls the
entire process, the actual operating instructions are ex
ceedingly simple - you only tell the system what you
want, not how to get it. And you converse with straight
forward English-language statements, thanks to an ex
clusive Resistance Trimming Language developed by
Micronetic Systems.

The computer has ample memory for 15 resistor trim
plans. With the optional memory extension, not only can
you increase this capacity many fold but you can also
store any number of additional trim plans on magnetic
tape cassettes and call them up quickly for each device
when needed. A unique coding system used on the inter
changeable probe rings further simplifies the operation
by automatically calling up the proper program for the
device.

An on-line translator allows programs to be prepared
and edited on the teletype while production continues.
The compiler-level Resistor Trimming. Language enables
flexible yet concise instructions for each trim. Datalog
ging is another useful feature and allows any measure
ment made by the system to be stored and used later in
the trim process, as an input to a statistical routine, or
as a periodic output on the teletype, high-speed printer,
or other II 0 device.

Program examples illustrate ease of operation and flexi
bility of language and system.
NORMAL TRIM R3 is to be trimmed to
a final value of 10 k!f ±1.0%. The state
ments begin by identifying R3 as con
nected to probes 39 and 48. The first IF
statement directs the operation to jump
to a reject statement (E) if the initial
value of R3 is too high to be trimmed.
The second IF statement rejects the re
sistor if it is too low to De trimmed, and
the third directs the operation to the next
resistor (R4) if R3 is within tolerance
(greater than 9.9 k but less than 10.1 k).
The position statement (P) directs the
beam to the proper position to begin the
trim (100 mils along the X axis from the
reference COrner and 300 mils along the
Y axis). The system is now directed to
perform the actual trim in a negative
direction until either the cut is 20 mils
long or the resistor is 10 kfi. The frim plan thus assures no time is
wasted trying to trim a resistor that can't be trimmed or needs no
trimming, and it assures the cut will hot exceed a prescribed maximum
length.
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Resistance Anodize Trimmer System - "MiniRATS"

• accurate, economical tantalum-resistor trimming

• complete - trims and tests

• wide range -10 il to 1 Mil

• precise - O.Ol-il resolution, 0.02% accuracy

• fast - 0.5% in Y2 second

...._~""f......·, .
I .,

-
A complete solution The General Radio MiniRATS is

particularly useful for design and small-lot production
jobs. Despite its economy and small size, the MiniRATS
is a complete system that includes an anodizing current
supply, measurement bridge, and all necessary control
circuitry. The entire installation procedure comprises
only making a few connections to your probing device.

Operation is equally simple: Set eight direct-reading
lever switches for the desired final resistance value; set
three other controls for the anodizing current, pre-trim
anodizing voltage, and measurement rate. Half a second
later, your resistor is trimmed. With the Kelvin and guard
connections, you can trim small values with ease, even in
networks with shunt paths.

Front-panel indicators provide a check on the process.
One lamp warns of pretrimmed resistance values too high
to be processed, another signals when the process is
complete, and a meter indicates the anodizing voltage
during the trim operation. The anodizing current can
also be turned off and the unit used as a precision resist
ance bridge if need be - simply at the flick of a switch.

The simplified diagram shows the major elements of
the MiniRATS and the external probes attached to the re
sistor to be trimmed (Rx)' The measurement probes are
shown as closed arrows and are connected for six-termi
nal guarded-Kelvin measurements. This allows resistors

New Since
Catalog U

to be trimmed in closed-delta configurations and thus
eliminates the need to break a resistor chain or to bond
resistors together after trimming. Unguarded 4-terminal
Kelvin connections and simple 2-terminal measurements
are also possible.

SPECIFICATIONS
Resistance: 100 to 1 Mo in 0.01-0 steps; set by 8 in-line-read
out lever switches.
Accuracy: ±0.02% ±50 mO, from 1000 to 100 kO; ±0.1%,
from 100 to 1 MO.
Display: METER: 0 to 250 V, indicates anodizing voltage.
INITIAL VALUE LAMP: Lights during pre-trim; extinguishes
when oxide-film breakdown reaches from 0 to 100 V as set by
rear-panel control; remains lit if initial value is too high for
trim. FINAL VALUE LAMP: Lights during trim, extinguishes
when final resistance value is reached.
Anodizing Current: 0.01 to 10 mA in ten 1-2-5 steps with com
pliance voltage to 270 V. Applied for" 80% of trim! measure
ment cycle initially, 20% when resistance is within 2% of
final value. Current shuts off automatically when trim is com
plete or pre-trim value is too high.

Measurement: RATE: 2 to 41 measurements! s, continuously
variable. TERMINALS: 7, i.e., 1 anodizing cathode, 6 guarded
Kelvin terminals. (4-terminal unguarded Kelvin or simple,
2-terminal connections can also be used.)
Supplied: Power cord, two 14-pin type 57 plugs to mate with
rear socket for probes.
Mechanical: Convertible bench cabinet. DIMENSIONS (wxhx
d): 17x3.88x11.75 in. (432x98x298 mm). WEIGHT: 13 Ib (6
kg) net, 181b (8.5 kg) shipping.

RAnOARW
MEASURE 1---"""'.......--------,

STANDARD
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Description

Resistance Anodize Trimmer

Catalog
Number

2995·9349
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Basic elements of GR "Hard RATS" Production Trim System

Production Trim System -"HardRATS"
• fast - 30 resistors per second, to 0.1 %

• accurate - 0.05%

• efficient - up to 450 resistors per circuit

For high-volume production trimming of tantalum re
sistors in multi-resistor circuits, the HardRATS combines
the capabilities of 30 MiniRATS units with a common con
trol unit and crossbar scanner. With this hardwired con
trol, the system will automatically process, at unsur
passed speed, up to 450 resistors in groups of 30.

The HardRATS includes a crossbar scanner that auto
matically makes Kelvin connections to the terminals and
anodizing cathodes of all 450 resistors. The entire cir
cuit is pre-anodized en masse, by a pre-trim unit, to a
specified voltage. Then, in groups of 30, the resistors
are simultaneously trimmed, initially at a fast rate, then,
after a selected value is reached, more slowly to avoid
overshoot. This is done by the Anodize/ Measure units,
which contain 30 parallel channels, each consisting of
a resistance-comparison bridge and anodize-control cir
cuit from the MiniRATS. Resistor values are programmed
manually on 30 banks of 8-decade lever switches. On the
panel of the Control Unit are operating-condition selec
tors, indicators of process status, and error-message
annunciators.
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After being trimmed, .the resistors are tested. The sys
tem then moves on to the next group of 30.

The HardRATS system multiplies the capacity of the
MiniRATS by a factor of 30 with a much smaller price
ratio and places the 30 channels under control of a single
programming unit. HardRATS is the most economical
choice for production trimming of large quantities of
identical resistance substrates.

SPECIFICATIONS
Trim Channels: 450 in groups of 30.
Scanner Connections: Crossbar with multiterminal connec
tions.
Anodize/Measure Unit: CHANNELS: 30. RANGE: 10 n to
1 Mn. ACCURACY: ±(0.03% + 50 mn) from 100 n to 100 kn,
±0.1% from 10 0 to 1 MO. TEST VOLTAGE: <1 V dc. ANO
DIZE CURRENT: 0 to 10 mAo RESOLUTION: 100 p.A. PRE
TRIM VOLTAGE: 0 to 99 V. TRIM VOLTAGE: 270 V.
Resistance Programming Unit: CHANNELS: 30. RANGE: 0
to 1 Mo. RESOLUTION: 0.01 0. ACCURACY: ±(0.02% +
50 mOl.
Control Unit: Thumbwheel switches, push buttons, display
lamps, and voltmeter.
Available: Custom configurations, with fewer than standard
trim channels or smaller group size.
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Computer-Controlled Trim System
"RATS" Resistance Anodize Trim Systems

INew I

• fast -12 resistors per second to 0.1%
• accurate-0.05%
• efficient - up to 240 resistors per circuit
• flexible - resistance values programmable
• easy - user-oriented program language
• complete - trims, tests, logs data

RATS is a totally new computer-controlled system de
signed from the ground up for high-speed anodizing of
tantalum resistors to accuracies up to 0.05%. For noise
immunity, RATS is a synchronous system ensuring that
no anodizing or switching occurs while a measurement
is being made. RATS features modular, plug-in measure
ment and anodizing units, so you can easily increase the
throughput by increasing the number of resistors being
anodized simultaneously.

The· system normall.y includes a test station with 12
measurement and anodize-control modules to trim 12
resistors simultaneously, a scanner to process an entire
substrate of 240 resistors, a minicomputer, a teleprinter,
and a status-control panel.

Basic elements of GR "RATS" Computer-Controlled System.
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Software programs are written in user-oriented Eng
lish language for simplicity. An interactive editor / trans
lator program asks the operator for nominal resistor
value, anodizing current, and other operating conditions.
The trim program is automatically prepared when he
types the answers.

Under program control, the system selects a group of
12 resistors, tests them to confirm they can be trimmed
to the desired values, anodizes the group to a specified
voltage, individually trims the resistors simultaneously,
tests them again, and moves on to the next group.

Status and error messages are displayed on the control
panel. Data can be logged on the teleprinter for process
control and for circuit diagnosis.

SPECIFICATIONS
Trim Channels: 240 in groups of 12.
Scanner: Crossbar with multiterminal connections.
Resistance Measurement Unit: 12 comparison bridges.
RANGE: 1 fl to 1 Mfl. ACCURACY: ±0.03% from 10 fl to
100 kn, ±(0.05% + 10 mn) from 1 n to 1 Mn. RESOLU
TION: 0.01% (14 bits). TEST VOLTAGE: < 1 V dc. COM
PARISON TIME: < 2 ms.
Anodize Control Unit: 12 anodize sources. CURRENT RANGE:
o to 2.4 mA or 0 to 25 mA, programmable. RESOLUTION:
2.5 /LA or 25 /LA. PRE-TRIM VOLTAGE: 0 to 99 V. TRIM
VOLTAGE: 0 to 220 V.
Control Panel: Desk-top type with lever switches and light
emitting-diode displays.
Computer: PDP-8/ E.
Core Size: 12k words.
Teleprinter: ASR33 Teletypewriter.
Software: User-oriented programming language and mainte
nance routines.
Available: High-speed fape reader, dual magnetic-tape unit,
alphanumeric programming terminal, step and repeat unit.
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2230 Passive Test System
Single-or Multi-Station·

Designed as a computer-controlled system from the
ground up, the 2230 is the passive-measurement section
of the Systems 2200 family. It exemplifies best the
growth of GR systems. Its measurement components are
no longer complete instruments adapted to system use
but are measurement modules designed exclusively for
systems use when this means better performance and
lower cost.

The 2230 system can measure and compare the im
pedance (all forms) of passive components and networks:
Ac and dc resistance or conductance, capacitance, in
ductance, and their associated losses, short-circuit re
sistance, and leakage conductance.

With its wide capabilities, the 2230 system can meas
ure such diverse component characteristics as diode
capacitance, thick- and thin-film network resistance, elec
trolytic capacitor properties, cable capacitance and re
sistance, transformer inductance, and various kinds of
residual and stray parameters.

Passive plus Because the 2230 is part of the 2200
family, it can operate far beyond its apparent limits. Ca
pability can be easily added to do functional logic testing,
analog voltage and current measurements, and a host
of other "non-passive" tests.

Family strength The 2230 shares in all the other vir
tues of the Systems 2200. This system can include one
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or more individual test stations under single-computer
control. A large number of them can operate sim.ultane
ously without interference. The stations can be identical
or each dedicated to different specific testing. Yet, be
cause both the hardware and software are modular, the
system can be refitted and expanded to assume new test
ing tasks as the needs arise.

The test-program language is simple and straight
forward. Once the necessary tests are determined, the
test program is as easily written as the usual manual
testing procedure. The programmer need not be highly
experienced in computer techniques; he can devote his
full attention to ensuring that the OUT will be given the
proper tests. The GR software will ensure that they are
executed properly.

The whole system A GR-supplied system is complete.
We leave you no unfinished chores, no loose ends. All the
peripheral equipment, power supplies, interface units,
device adaptors, and programs are included. You can
rely on them! Testing details like ground-loop problems,
contact closure sequences, and multiple connections
(guarded, Kelvin, etc) are all worked out in the scanners
and the programs..What's more, we see to it that your
GR system keeps operating as you expect it to. We bring
you a measurement system you can be proud of.

COMPONENT AND NETWORK TEST SYSTEMS 125



1730 Linear Circuit Tester New Since
Catalog U

• automatic - just push a button

• versatile - memory panel sets test conditions and
limits; no hard wiring

• fast - full set of tests in < 2 seconds;
faster if you skip tests

• explicit - GO/NO-GO results or measured values

• simple - adaptable to nearly any device, by you or
at GR - op amps, comparators, voltage followers,
and regulators . .. linear IC's galore

A versatile performer The 1730 handles with equal
ease such diverse applications as circuit evaluation, pro
duction testing, and incoming inspection. It provides
as much information as desired, from a simple GOI NO
GO indication to a detailed account of each test, from 1
to 18 tests per OUT, at speeds of from 50 to 200 ms per
test. Also impressive is the variety of parameters tested:
Current, power-supply rejection ratio, maximum output,
slew rate, common-mode limit, offset voltage and current,
bias cur~ent, voltage gain with and without load, common
mode-rejection ratio, output impedance, and gain-band
width product.

A universal performer The 1730 is not a highly special
ized instrument catering to a single circuit type; it tests
all common linear circuits, discrete or integrated, includ
ing the following:
• single and dual operational amplifiers
• voltage followers
• single and dual comparators
• voltage regulators
• other low-voltage operational amplifiers

Circuits can be tested as fast as they can be connected,
and almost continuous measurements of a parameter can
be displayed while a circuit under test is in the process
of adjustment. For production applications, ask about
the available interface hardware for handling and sorting
equipment.
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One button initiates all tests once the desired condi
tions have been established. All necessary tests are per
formed sequentially and automatically on nearly any con
ceivable type of device, accommodated by means of the
versatile device-adaptor scheme used. These adaptors
simply plug into the tester and are easily interchanged.
They include a universal mating connector for which a
variety of sockets is available to fit all common IC pack
ages. Terminals are also provided to install components
for compensation or to tailor the adaptor to unique appli
cations. Many device-adaptor boards, completely assem
bled and ready to use, are available for a large selection
of IC's and a comprehensive GR library provides infor
mation for the preparation for a host of others.

Three and one-half digits plus decimal point and unit of
measurement provide unambiguous, high-resolution re
sults of any or all tests. All data are also available as
BCD outputs for use by a printer, card-punch coupler,
computer, or other data-handling equipment. Four bright
lamps provide GO/NO-GO results of the tests including
go, fail, oscillations encountered, and device drawing in
sufficient current (such as when it is installed improp
erly). These results, too, are available as electrical sig
nals for use by automatic component handling and sort
ing equipment.

Eighteen lamps provide indications of specific test
failures .. If desired, the measured value of the test can
also be displayed and, with an auxiliary printer, perma
nently recorded by the simple flip of a lever switch. In
addition to the 17 tests normally provided, another switch
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allows anyone of four optional pushbutton-selected tests
to be performed, including the ripple rejection of volt
age regulators, lO-kil-loaded gain of operational ampli
fiers, and any two other custom tests you may need for
your particular circuit. A burn-in period can also be in
troduced after the initial current tests, which provides a
one-second interval under power to allow the device
junctions to stabilize.

Operation checks are also possible, all in short order
and all at the push of a button. All lamps can be checked
and all limit settings can be individually read out on the
digital display, as can the positive and negative supply
voltages. Service, if necessary, is simplified by a set of
internal controls that modify the timing and other por
tions of the normal operation to allow rapid trouble anal
ysis. The upper set of controls is concealed behind a
hinged panel to prevent inadvertent tampering; the 18
failure lamps swing out for easy replacement.

Forty switches, conveniently grouped and clearly
marked, set all test parameters. The proper tests for any
of the six standard device categories are selected auto
matically by the action of a single slide switch - no sep
arate "performance boards" or other internal circuitry
changes are necessary. A seventh position makes pro
vision for any other low-voltage operational amplifiers or
similar devices. Available are 19 choices of both the
positive and negative power-supply voltages, from 1.5
to 30 V, and five choices for the load, from 150 il to
10 kil, all by the action of slide switches. External volt-

SPECIFICATIONS
Devices Tested: Device under test (OUT) can be single or dual
operational amplifiers, voltage followers, single 'or dual com
parators, voltage regulators, or other low-voltage devices pro
vided for by user. Selected by slide switch on Memory Panel
or, with Option 25, by external ground-level signals applied to
'rear connector. OUT connects to 1730 by'means of inter
changeable device adaptors.
Test Conditions: VOLTAGE (Vcc): + and -1.5 to 30 V from 2
programmable power supplies, each independently set by
slide switches on Memory Panel in 19 steps (1.5, 2, 3, 4, 5, 6,
8, 10, 12, 14, 15, 16, 18, 20, 22, 24, 26, 28, and 30 V), ac
curate to ± (l% of reading + 2 counts + 2 additional counts
on ± 150-mA ranges) with internal voltmeter. Can also be
set, with Option 25, by external signal of + 5 V for full value.
OUT LOAD: 150 fl to 10 kn, s,llt by slide switches on Memory
Panel in 6 steps (150 and 300 fl, 1, 2, 5, and 10 kfl), accurate
to ± 5%. External load resistor can be connected in parallel
with internallO-kn load to rear GR 274 banana jacks. LQad is
connected for voltage gain and maximum output (tests 6, 11,
and 12) only.

Test Procedure: When Start Button is pushed or an external
ground-level signal is applied to rear Autohandler connector
or, with Option 25, to rear BNC connector, supply voltages
are applied to OUT and tests 1 and 2 (+ and - currents) are
performed. If currents exceed limits, supplies are turned off
and Fail lamp lights; if values are < 5% of limits (such as when
OUT is improperly installed), supplies are turned off and Check
OUT lamp lights. If currents are· within limits, a I-second
burn-in period may be introduced if preselected by a panel
pushbutton. During this time, supply voltages are applied to
OUT but no tests are performed. If all desired tests are within
limits, GO lamp lights; if any limit is exceeded, all tests are
completed then Fail lamp lights; if, during any test except 1,
2, 10, and 15, an oscillation of > 200 mV from 1 kHz to 1
MHz occurs, Osc lamp lights. All 4 conditions are also avail
able as ground-level signals at Autohandler connector for use
by automatic handling! sorting equipment. Any test can be
omitted and any limit can be ignored as selected by Memory
Panel slide switches or, with Option 25, by external ground
level signals applied to rear Input connector.
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ages or loads also can be connected. From 38 to 95 limit
settings, depending on the parameter, are available for
each test, and skip-test and skip-limit settings are in
cluded to allow an entire test to be skipped (with a con
sequent reduction in the total test time) or a limit result
to be ignored.

All switches are located on an interchangeable Memory
Panel. The switches can be reset for each different type
of circuit or they can be left as set and the entire panel
exchanged for another, with switches preset for another
type of device - quickly and easily without the nuisance
and cost of hard-wire programming. Extended-resolu
tion potentiometers can also be inserted to provide in
finite resolution of parameters. One value of potentiom
eter serves for all functions, the potentiometers require
no soldering or wiring for installation, and they can be
inserted in any or all positions. For systems applications,
an option provides complete external electrical control
of all parameters.

Presentation: MEASURED VALUES: 31/2 high-intensity neon
readout tubes with decimal point and unit of measurement
provide visual readout. Information is also available as 8-4-2-1
BCD data is by 4 panel pushbuttons: Off (no data presented),
o~+0.5 V at 3 mA, logic 1 ;;'+3,5 V) at rear Output connector.
LIMIT RESULTS: GO! NO-GO lamps, see Test Procedure above.
LIMIT VALUES: The value of all limits as set by the switches
or Extended-Resolution Potentiometers on the Memory Panel,
as well as values of Vcc, can also be pushbutton selected for
display on the visual readout used for the measured values
above. SELECTION of parameter displayed or presented as
BCD {lata is by 4 panel pushbuttons: Off (no data presented),
Remote (parameter selected by external ground-level signal
applied to rear Remote Print Select connector), Failure (fail
ures only presented), or Single (parameter is selected by panel
toggle switches, one for each test).
Speed: 600 to 5140 ms depending on device under test and
number of parameters selected for test: Up to 2070 ms for
single operational amplifiers (18 tests), 4140 ms for dual op
erational amplifiers (18 tests on each side), 570 ms for volt
age followers (8 tests), 830 ms for single comparators - (8
tests), 1660 ms for dual comparators (8 tests on each side),
and 600 ms for voltage regulators (6 tests), plus I-s burn-in
if selected.
Environment: HUMIDITY: 95% RH at +40·C (MIL-E-16400
4.5.4.6). VIBRATION: 0.03 in. from 10 to 30 Hz. BENCH
HANDLING: 4 in. or 45· (MIL-81OA-VI). SHOCK: 30 g, 11 ms
(MIL-T-4807A-4.5-3A).
Supplied: Power cord, Universal Memory Panel, blank device
adaptor board with universal mating connector plus matching
sockets for 14-pin dual in-line (both single and carrier) and
8, 10, and 12-pin TO-package configurations.
Available: Custom systems printers, -recorders, card-punch
couplers. DEVICE-ADAPTOR BOARDS: 1730-9400 Blank De
vice-Adaptor Board (one normally supplied), includes universal
mating connector but requires socket and wiring for particular
device compensation. Complete adaptors, fully assembled
including socket and wiring, are available for many common
device types and can be built to order for less-common types.
Device Adaptor Boards simply plug in and can be easily inter-
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Test Summary

Test Device * Timet Range Accuracy * * limits
(Any test can be skipped % = % of reading (Any limit failure can be ignored. limits are

except tests 1 and 2) Full Scale % fs = % of full scale set by slide switches or optional extended-
resolution potentiometers on memory paneL)

1 Positive Current AFCRO 50ms 150.0 J1A to 150.0 mA ± (2% + 1% fs + 15 IIA) 15 J1A to 150 mA in 76 steps (1, 1.2, 1.5,
2 Negative Current AFCRO 50 ms 4 20-dB ranges 1.8,2, 2.5, and 3 thru 15 plus multipliers of

XO.01, 0.1, 1, and 10)

3 Offset Voltage AFC 0 200 ms 1.500 mV to 150.0 mV ± (1% + 1% fs + 20 mV) 1 0.15 mV to 150 mV in 57 steps (1, 1.2, 1.5,
3 decade ranges 1.8, 2, 2.5, and 3 thru 15 plus mUltipliers of

XO.l, 1, and 10)
4 Voltage Gain A C 0 200 ms 060.0 dB to 120.0 dB ±1 dB to 100 dB' 40 dB to 120 dB in 76 steps (21.6, 20,

4 20-dB ranges ±3 dB to 120 dB' 18.1, 16.5, 15.6, 13.6, 12,9.5,7.6,6,4.7,
3.5, 2.5, 1.6, 0.8,0, -0.7, -1.3, and -1.9 dB
plus scales of 40, 60, 80, and 100 dB)

5 Offset Current AFC 0 200ms 1.500 nA to 15.00 J1A ± (2%+ 1% fs)' + 60 pA 0.15 nA to 15 J1A in 95 steps (1, 1.2, 1.5, 1.8,
6 Bias Current A C 0 200 ms 5 decade ra nges 2,2.5, and 3 thru 15 plus multipl"iers of XO.1,

1, 10, 100, and 1000)

Rejection Ratios: 060.0 dB to 120.0 dB For all tests: 40 dB to 120 dB in 76 steps (21.6, 20,
7 Common-Mode A 200 ms 4 20-dB ranges ±1 dB to 100 dB' 18.1, 16.5, 15.6, 13.6,12,9.5,7.6,6,4.7,
8 +Power Supply A 200 ms ±2 dB to 120 dB' 3.5,2.5, 1.6, 0.8, 0, -{).7, -1.3, and -1.9 dB
9 -Power Supply A 200 ms (± 3 dB to 120 dB' for plus scales of 40,60,80, and 100 dB)

± power-supply tests)

10 Output Impedance A3 RO 210 ms 150.0 n to 15.00 kn, ± (5% + 5% fS)1 15 n to 15 kn (15 mfi to 150 mfi for R)
(Option 11) 150.0 mfi to 15.00 fi + 15 mfi for R * in 57 steps (1, 1.2, 1.5, 1.8,2, 2.5, and 3 thru

for R* 15 plus multipliers of Xl, 10, 100, and 1000)
3 decade ranges

11 +Maximum Output A CRO 75 ms ± (1% + 1% fs)1 1.5 V to 30 V in 38 steps (1, 1.2, 1.5, 1.8, 2,
12 -Maximum Output A CRO 75 ms 15.0 V and 30.0 V 2.5, and 3 thru 15 plus multipliers of Xl
13 +Common-Mode Limit AF 0 75 ms 2 ranges ± (2% + 1% fS)1 and 2)
14 -Common-Mode Limit AF 0 75 ms

15 Gain-Bandwidth 1.500 MHz to 150.0 MHz ± (10%), at 10 kHz' 0.15 MHz to 150 MHz in 57 steps (1, 1.2, 1.5,
Product A 0 150 ms 3 decade ranges 1.8,2, 2.5, and 3 thru 15 plus multipliers of

(Option 11) XO.l, 1, and 10)

16 +Slew Rate AF 0 60 ms 0.600 VIllS to 060.0 V IllS ± (10% fs), for a 0.06 VIliS to 60 VIliS in 57 steps (4,4.8,6,
(Option 10) 3 decade ranges linear slew' 7.2,8,10,12,16,20,24,28,32,36,40,44,

17 -Slew Rate AF 0 60 ms (0.2 VIliS min) 48,52,56, and 60 plus multipliers of XO.Ol,
(Option 10) 0.1, and 1)

18 Optional Ripple rejection of voltage regulators (200 ms) if Option-l button is .1 to 15 in 19 steps (1, 1.2, 1.5, 1.8, 2, 2.5,
pushed. light-load (lO-kfi) gain of operational amplifiers (180 ms) and 3 thru 15)
if Option-2 button is pushed. Any two other user-prepared or GR
custom-engineered tests if Option-3 or Oplion-4 button is pushed.

* A is single or dual operational amplifiers, F is voltage followers, C is single or dual comparators, R is voltage regulators, and 0 is other.
** Accuracy is accuracy of measurement, and not that of limit settings. V is test voltage (Vee).

t When dual devices are being tested, the time is twice that indicated - two sequences are performed, but no pretests are performed.
, Accuracy specified down to 10% of full scale.
, Accuracy specified down to 20 dB below full scale.
3 Not all types of amplifiers can be measured for output impedance.

changed. MEMORY PANELS: One 1730-9600 Universal Mem
ory Panel is normally supplied. Memory Panels can be easily
reset for each different type of device. EXTENDED-RESOLU
TION POTENTIOMETERS: Extended Resolution Potentiometers
can be added to any position on Memory Panel so that any or
all parameters or limits can be continuously adjusted by po
tentiometers rather than step-selected by the normal slide
switches. Potentiometers are all 20 kn ±20% and simply snap
into the panel; no soldering or wiring required.
Option 10 Slew-Rate Test: Additional circuitry added for tests
9f.+ and - slew rates (tests 16 and 17) for operational ampli
fiers and voltage followers.
Option 11 Output Impedance and Gain-Bandwidth Tests: Addi
tional circuitry added for test of output impedance (test 10)
for operational amplifiers and voltage regulators and for test
of gain-bandwidth product (test 15) for operational amplifiers.
Option 25 Programmability and Data Output: Two 50-pin type
57 connectors, 6 BNC connectors, and 2 GR 274 banana jacks
provide connections for external control-signal inputs and data
outputs.
Power: 105 to 125 or 210 to 250 V, 50 to 60 Hz, 100 W max.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19.56x8.28x24.69 in. (497x21Ox627 mm); rack, 19x
7x16 in. (483x178x406 mm). WEIGHT: Bench, 55 Ib (25 kg)
net, 85 Ib (39 kg) shipping; rack, 47 Ib (22 kg) net, 77 Ib
(35 kg) shipping.

Description

1730 Linear Circuit Tester
Bench Model
Rack Model

Select following options, if desired
OPI0 Slew-Rate Test
OPll Output Impedance and

Gain-Bandwidth Tests
OP25 Programmability and

Data Output
Accessories available

Blank device-adaptor board*
Universal memory panel*
Extended-resolution potentiometers,

set of 3
Extender board, used for maintenance

* One of each is normally supplied.

.
=="'
Catalog
Number

(Describe
exactly

as shown
atthe
left)

1730-9400
1730-9600

1730-9599
1730-9598
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Automatic Component Testing Systems
In addition to the special-purpose systems on the fol

lowing pages, there are many component-testing systems
more general in their application. Capacitors, resistors,
and other components can be measured and tagged or
sorted by primary or secondary characteristics, life
tested, or measured for drift. The resulting data can be

A

logged, can be statistically analyzed, or merely displayed
for operator instruction.

The systems shown below and on following pages are
typical of the breadth of capability that you can expect
from General Radio Systems.

B

c

A
High reliability assurance for resistors and capacitors calls for com
puter-controlled drift and life tests with data logging and reduction.
Included are 0.1% RLC bridge and digital picoammeter with scanner
for up to 50 components, minicomputer and teletype, stimulus su[>
plies, tests fixtures, display and interface equipment. Typical price:
$60,000.

B
Automatic capacitor sorting to MIL spec tests for hipot, leakage, ca
pacitance, and dissipation factor with classification and failure sum
maries. System inclUdes automatic handler and sorter, capacitance
bridge and digital picoammeter, programming and control equipment,
digital limit comparators, stimulus supplies, display and interface
equipment. Typical price: $55,000.

C
Production, testing and inspection of capacitors •.• GOI NQ-GO deci
sions and data recording of capacitance, dissipation-factor, and leakage
tests. This system includes automatic RLC bridge and digital picoam
meter with scanner for up to 50 components, programming and control
~uipment, digital limit comparator, card-punch coupler, data recorder,
stImulus and conditioning supplies, and test fixtures. Typical price:
$40,000.
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AutomaticLeakage-Current MeasuringSystems

130 COMPONENT AND NETWORK TEST SYSTEMS

• 50-channel capacity

• electrification voltages up to 600 Vdc

• equal soak time for every capacitor

• automatic GO/NO-GO decisions

• minimum operator involvement
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The accurate measurement of capacitor leakage cur
rent (insulation resistance) on discrete components and
networks presents several problems to both manufacturer
and user. Such factors as previous conditioning, accu
racy of the electrification voltage, soak time, and meas
urement time constants can all have significant effect on
the accuracy and validity of leakage-current measure
ment.

Most MIL and other specifications call for the measure
ment of a capacitor's leakage current after an electrifica
tion voltage has been applied to the component for a
prescribed length of time. To ensure the validity and ac
curacy of such measurements, each component must
have had the same electrification voltage applied for the
same length of time prior to measurement.

Until recently, these considerations have dictated that
tedious and time-consuming manual methods be used to
measure leakage current (with a megohmmeter and
timer, for instance). The possibility of operator error and
the c'ertainty of various delays made testing unreliable,
uneconomical, and often impractical.

The advent of automatic measuring instruments and
systems incorporating these instruments has, greatly sim
plified the task of measuring capacitor leakage current.
Today, General Radio offers a complete family of auto
matic leakage-current measuring systems, from $14,500,
tailored to satisfy your measurement requirements with
speed, reliability, accuracy, and economy.

Operator involvement minimized After fixturing and
initial settings are complete, one push of a button is all
that's needed. Components are automatically connected,
charged, measured, and discharged and the measure
ment data recorded without operator intervention.

Equal soak times guaranteed GR's unique connection
and electrification sequence ensures that each compo
nent is measured after the same period of electrification.

Operator safety assured Components are automatically
discharged after measurement. With GR-designed test
fixtures, voltage can be applied to components only after
fixturing has been completed.

Automatic ,GO/NO-GO decisions A digital limit com
parator automatically compares measurement data
against a preset leakage-current limit and generates a
Gal NO-GO· decision.

Wide choice of output format Printed hard copy,
punched cards, punched tape, etc.

Easy operation With an automatic system from GR,
your operator has only to connect the capacitors to the
system, select the measurement conditions, and push
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a button. All the rest is automatic. Here's how it works.
The system first connects the components to the power

supply for electrification in the same order and at the
same rate as the measurements will later be made. This
ensures that every capacitor is electrified for the same
length of time prior to measurement.

At the end of the selected electrification time, the
capacitors are sequentially connected to the system pico
ammeter for measurement. The measured values are
automatically compared to a preset leakage-current limit
and permanently recorded via an appropriate output de
vice - data printer, tape or card punch, etc. Each com
ponent is then automatically disconnected and dis
charged by the system.

Better quality capacitors, greater throughput, and
lower measurement cost all result from a conversion to
automatic methods, with improved accuracy, greater
speed and convenience.

SPECIFICATIONS

Capacity: Up to 50 channels.
Electrification Voltage: Adjustable up to 600 Vdc.
Electrification Time: Adjustable up to 5 minutes.
Measurement: RANGE: 1.999 nA to 19.99 mA full scale in 8
ranges (l pA resolution on lowest range). BASIC ACCURACY:
±(0.5% of reading + 50 pAl.
Speed: Typically 2s per channel, not including soak time.
Options: INPUT: Test fixtures and boards for bc;>th axial and
radial-lead components. OUTPUT: Various output and data
recording devices, including data printers and data couplers
for card punch, tape punch, teletype, magnetic tape, etc.

Simplified block diagram of automatic
leakage-current measurement system.
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INewI
turers of meeting stringent user requirements in the must
confident and economical manner. Production costs are
reduced, while product throughput and quality are in
creased.

With cable testing systems installed around the world,
General Radio demonstrates a continuing commitment to
provide the cable industry with the test equipment it
needs.
Transmission Parameters Tested

Mutual capacitance This open-circuit parameter indi
cates the direct capacitive loading of a cable pair on a
balanced source. It provides an indication of the inser
tion loss of the pair and, hence, the transmission effic
iency of the cable. Mutual capacitance is defined as the
sum of the capacitance C, between the two conductors of
a pair and the series connection of the capacitances C2,

C3 from the conductors to the cable shield (and other
conductors). The system measures individually each of
the three direct capacitances for each pair in the cable
and computes the mutual capacitance.

Mutual conductance This open-circuit parameter also
provides an indication of the insertion loss of a cable pair.
It is defined as the sum of the conductance G1 between
the two conductors of a pair and the series connection
of the conductances G2, G3 from the conductors to the
cable shield (and other conductors). The system meas
ures individually each of the three direct conductances
for each pair in the cable and computes the mutual con
ductance.

Capacitance unbalance to ground This parameter indi
cates the differential loading of a cable pair and provides
an indication of its susceptibility to noise pickup. It is
defined as the difference between the conductor-to
ground capacitances (C2 - C3) of the two conductors of a
pair, with the cable shield and all other conductors
grounded. The system measures this unbalance in a
single, differential measurement.

Automatic Cable Test System
• measures up to 7 parameters-- fast

• 100 cable-pair capacity

• on-line report generation

• fully automatic and self-checking

• simplified fixturing

Modern communications systems impose increasing'
demands on the performance of paired multiconductor
cable. To meet these tighter specifications and to guide
the manufacturing process efficiently, cable makers are
finding it necessary to test more transmission parameters
on larger cable-pair samples than ever before. Extensive
testing is also required in the design of new types of
communications cables.

Manual testing, slow and error prone, is utterly im
practical for making so many measurements on such
large samples; the results would certainly be costly and
unreliable. Consider measuring pair-to-pair capacitance
unbalance of a typical 100-pair cable unit to determine
the voiceband crosstalk to be expected in service. There
are 4950 two-pair combinations in a 100-pair unit. Even
if only 20% of these are physically close enough to war
rant testing, that requires the selection, connection, and
measurement of nearly 1000 pair combinations - a te
dious and expensive task.

To automate such measurements, GR offers a family
of second-generation computer-controlled test systems,
from $42,500. They simplify and facilitate every step in
multiple-parameter testing of telephone cable in a single
sequence. You can now test cables to REA and other user
specifications at least ten times faster than manually, yet
with a thoroughness heretofore impossible. Testing is so
rapid that you can readily expand the number and types
of tests and save time too. The capability to test auto
matically more transmission parameters, more rapidly
and thoroughly than ever before, assures cable manufac-
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Simple answers are required to program-generated ques
tions regarding number of cable pairs connected, length
of cable, wire gauge, and ambient temperature; this is
the extent of the operator's dialogue with the system. A
knowledge of computers or programming is not required,
and the system can be operated by relatively unskilled
personnel.

Connection errors detected The system ensures opti
mum use of testing time by automatically checking for
connection errors at the fanning fixture before perform
ing the parameter tests. Opens, shorts, and split pairs
are automatically detected and indicated as error mes
sages (including identication of the pairs involved) on
the system teletype. The test sequence will proceed only
after the operator has acknowledged or corrected such
errors.

Operational check performed The system ensures test
ing confidence by automatically performing an internal
self-check before and after each measuring sequence.

Computer use maximized A dedicated minicomputer
is used to full advantage in the GR system. It connects
fixtured cable pairs for test in a program-controlled se
quence, controls the measuring instruments, performs
calculations and corrections on the measurement data,
and produces an on-line test report. Speed and accuracy
are therefore unmatched by any other cable-test equip
ment.

Guarded bridge employed GR has based its cable
measuring systems on the versatile, well established
1680 Automatic .Capacitance Bridge. It uses three
terminal guarded connections, to prevent stray capaci
tance in the switching hardware, fixture, and connecting
leads from affecting the accuracy. The bridge's capabil
ity to measure directly a capacitance difference is used
to make capacitance-unbalance measurements with
greater speed and accuracy than would be possible from
individual measurements and computations.

Tailored system test program The highly flexible GR
test program will adapt to your existing test procedures
and report formats, so the system can be added to your
facility without disruption. The system can be easily
adapted to test new designs such as aluminum-conductor
and low-capacitance cable and to report data in a variety
of formats acceptable to both cable maker and user.

Unique features reduce test time GR has developed
measurement techniques that allow a lOa-pair cable to
be fully tested and documented in less than 25 minutes
- a job that would require hours with manual equipment
- with no compromise in accuracy.

An example of how instrumentation and application
knowledge have been effectively combined is shown in
the system's pair-to-pair capacitance-unbalance meas
urement sequence. Usually, only 10-20% of the 4950
two-pair combinations in a lOa-pair cable require this
measurement, due to their proximity. To save time, the
system is normally programmed to test every combina
tion very rapidly for unbalance but to measure only those
combinations that are significantly unbalanced. The op
erator decides what degree of unbalance justifies making
a measurement, and can override this skip-test at will.
The capability to measure only those combinations that
are significantly unbalanced provides for a considerable
time saving.

On-line statistical report generated GR uses the sys
tem computer to provide a complete, error-free test re
port summarizing the performance of the cable under

R,

NEAR~FAR
END Rz END
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Transmission parameter definitions.
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UNBALANCE - fO -GROUN:> CAPACITANCE: c2·c,

UNBALANCE-TO-SHIELD CAPACITANCE: Czus -Cws

Capacitance unbalance to shield This parameter is
similar to unbalance-to-ground capacitance except that
Cz and CJ are redefined as conductor-to-shield capaci
tances Czus and CJUS with the shield floating. All other
cable conductors are grounded.

Pair-to-pair capacitance' unbalance This parameter
provides an indication of the amount of voiceband cross
talk between cable pairs to be expected in service. It is
defined as the capacitance that must be added to (or
subtracted from) the capacitance between one conductor
of one pair and one conductor of another pair to balance
the two-pair network. The system measures this unbal
ance by sUbtracting the results of two differential meas
urements.

Conductor resistance This short-circuit parameter
provides an indication of the attenuation introduced by
the conductors of a cable and, hence, its transmission
efficiency. It is also useful in checking wire gauges. The
system measures the resistance of the conductors of
each cable pair directly, using Kelvin connections.

Pair resistance unbalance This parameter provides a
further indication of a cable pair's susceptibility to cross
talk. The system calculates the resistance unbalance of
each cable pair from individual conductor resistance
measurements.
Speed, Confidence, and Economy at Every Step

Fixturing simplified You can connect any cable pair
to any pair of fixture clips on the GR-supplied fanning fix
ture. No longer is it necessary to identify pairs by color
code and fixture them accordingly, so fixturing time is re
duced by as much as two to one; the system's computer
identifies the fixtured cable pairs during the testing proc
ess. An optional second fanning fixture allows an oper
ator to fixture a second cable while the first is being
tested, with a substantial saving in time.

Operator involvement minimized GR provides a test
program that requires very little operator intervention.
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test. This report is generated automatically during the
testing process; there is no need for intermediate record
ing of data on punched tape or cards for later off-line
analysis. GR systems give you the report when you need
it - while the cable is still connected and available for
further testing or inspection. These reports provide a nor
malized histographic tabulation of each parameter,
together with the average and standard deviations. The
content and format of this report can be tailored to the
user's requirements. Such reports can be used to moni
tor production processes or supplied to a customer as
product-test documentation.

Choice of test-report depth A record of all measure
ment results is often unnecessary in a test report; the
GR system can prepare statistical summaries. Three re
port modes are offered. In the Summary Only Mode, the
histographic tabulations and statistics for each parameter
are recorded. In the Calculated Parameters mode, those
and also the final value of each parameter for each cable
pair are recorded. In the All Measurements mode, every
measured and calculated value of each parameter for
each cable pair is also recorded. The latter two record
ing modes are especially useful for evaluating new cable
designs and for training purposes.

Automated troubleshooting GR recognizes the impor
tance of keeping production test equipment on line.
These systems are designed and built to GR's usual high
standards of quality. A versatile maintenance test pro
gram is supplied with each system to permit rapid diag
nosis of malfunctions, using an effective operator I system
dialogue.

Proven techniques, reliability and economy Cable
manufacturers have consistently judged GR systems
superior in measurement techniques, system design, re
liability, and over-all testing economy.

IDENTIFICATIOO DATA
2990-9267 FINAL TEST 6/15/71
PAIJ<5, 100
~IkE SIZE NO.: 1
LEo.'1GTH (Fl::I::1'): 459
CONDUCTOH INSULATION: PI C
Tt:::'U"'EHATUJ1E (DEGHi::£S F): 7l:S

:iHQkT PAIk 1 K
CONNECTION EHHOH THHE:>HOLD 1.799 NF
Cl LOw: I-'AIK Its 0.003 ~F Ii

t>lU'IUAL CAPACITANCE

;v,UTUAL EHHQrl: PAIn 71 9.1'180 NF 106.54 NFIMI C
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Flow diagram showing a typical test sequence (for measuring mutual
capacitance only).
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Typical test report with statistical summaries and distributions of meas
urements of two cable parameters.
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sfO UEVIAT\)N Fti')·:·1 UALANCE O./~~2 \'JF 11500 FT
NUl'illEr( oJF TF.:"I~ 1!'0

SPECIFICATIONS
Pair Capacity: 100 pairs (single sequence).
Cable Length: 200 to 20,000 ft.
Parameters Measured: MUTUAL CAPACITANCE: Range: 1 nF
to 0.5 I-'F; Basic Accuracy: ± (0.2% + 20 pFl. UNBALANCE
TO-GROUND CAPACITANCE or to shield: Range: a to 10,000
pF; Basic Accuracy: ± (4 pF + 4 pF/1500 ft). PAIR-TO-PAIR
UNBALANCE CAPACITANCE: Range a to 10,000 pF; Basic
Accuracy: ± (4 + 0.1 yO pF. MUTUAL CONDUCTANCE
(optional): Range: 0.01 to 100 I-'U; Basic Accuracy: Depends
on mutual capacitance value. CONDUCTOR RESISTANCE
(Optional): Range, 1 to 5,000 fi; Basic Accuracy: ± (0.1% +
20 mfi). RESISTANCE UNBALANCE (Optional): Range: a to
5%; Basic Accuracy: ± 0.2% (absolute).
Test Frequency: Capacitance Parameters: 1 kHz; Resistance
Parameters: DC.
Test Time: Typically < 25 minutes for lOa-pair test sequence;
depends on number of parameters tested and printout mode.

1.1173 NF'/I~00 ... ·1

AUG LIMiT 0.114 ~F/15~~ Ff

COEFF OF OEVIATIOrol ~. 16 2.
PIC LIMI"! tS.17 NF'F.11

PAIH LI~IT 0.7~0 NF'/150~ FT

AV£HAGE 11.14 NF/~I

:>TO DEVIATION 1.542 NF/"lI
NU1BEH OF Tt:::~T:> 1011

UNDAL HIGH: PAIH 29

UN9ALA~CJ:::: TO GrlOUND
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Audio-frequency transformers play many roles in to
day's communications equipment. Beyond their tradi
tional use for impedance matching and isolation, trans
formers are important components in repeater, tone
encoderI decoder, and pulse-generator circuits.

To ensure 'dependable in-circuit performance, some or
all of the following impedance-related parameters must
be tested on multiple-winding transformers:
• inductance • effective resistance
• inductance unbalance • transformation ratio
• dc resistance • capacitance
• continuity

Until recently, multi-station manual testing operations
using custom-built bridges were often employed. Trans
formers were tested for only one or two parameters per
station, a procedure causing multiple handling and in
efficient product flow.

Automatic
Transformer
Test System

• fast multiparameter testing

• easy user-oriented test language

• 12-terminal capacity - expandable

• GO/NO-GO production testing,
failure summaries on demand

• up to 16 parameter tests per sequence

INewI

To eliminate these bottlenecks, GR has developed a
computer-controlled system to test all these transformer
parameters automatically, in a single test sequence and
with only one handling-fixturing operation. It is now
possible to test fully a typical transfm:mer in well under
10 seconds.

Decisions are made automatically during the test se
quence and GOI NO-GO results are indicated to the op-
erator on color-coded panel lamps. .

The ability to test transformer parameters more rapidly
and thoroughly than ever before assures manufacturers
of meeting their own and their customers' requirements
with confidence and economy. Production costs are re
duced while product throughput and quality are in
creased.

System Operation The GR transformer-test system in
cludes a user-oriented software package that simplifies
the writing and executing of a test program. GR's SPEC
TRAN (Specification Translator) program allows a test
program to be prepared in a few minutes through use of
an operator-to-system conversational dialogue. Operator
responses are based solely on the production test speci
fications for the transformer; no knowledge of computers
or programming techniques is required. Once a test pro
gram has been generated, GR's UPDATE (User Program
mable Dynamic Algorithm for Transformer Evaluation)
program is used to exercise the programmed test se
quence without operator intervention.

The system measures transformer parameters directly
at 200 and 900 Hz with a GR 1683 Automatic RLC Bridge
or computes them from a series of measurements. Trans
former terminals can be automatically strapped (series
connected), Kelvin connections made to each terminal,
and any terminal can be guarded, all by program instruc
tions.

While the system is primarily for GO/NO-GO produc
tion testing, failures by parameter are also indicated on
a display panel. Parameter data for any transformer can
be recorded on a teletype at the operator's command;
failure summaries are recorded after a prescribed num
ber of tests or on demand.

In this transformer-test system, priced from $47,500,
GR has automated testing operations effectively by skill
fully integrating measurement experience with applica
tion knowledge to produce a system of great value to the
cost-conscious manufacturer.

SPECIFICATIONS

Terminal Capacity: 12 (expandable).
Parameter Tests: Up to 16 per sequence.
Test Frequencies: 200 and 900 Hz.
AC Test Level: Upto 3 V in O.l-V programmable steps.
DC Bias: Up to 200 mA (20-V compliance), programmable.
Inductance: RANGE: 10 mH to 200 H. BASIC ACCURACY:
±0.25%.
Effective Resistance: RANGE: 0.1 n to 20 kn. BASIC ACCU
RACY: ±0.25%.
Inductance Unbalance: RANGE: 0 to 2%. BASIC ACCURACY:
±0.01% absolute (for unbalance 0 to 0.2%), ±0.05% absolute
(0.2 to 2%).
Transformation Ratio: RANGE: 1:1 to 10:1. BASIC ACCU
RACY: ±0.1% at 1:1, ±0.5% above 1:1.
DC Resistance (optional): RANGE: 1 n to 20 kn. BASIC AC
CURACY: ±0.1%.
Capacitance: RANGE: 1 pF to 20 nF. BASIC ACCURACY:
±0.25%.
Testing Time: Typically < 10 s, depending on number of pa
rameter tests per sequence.
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Automatic Component-Test System
GR 2990-9259

New Since
Catalog U

* Basic accuracy expressed as percent of reading; full accuracy in
cludes a resolution term that varies with measurement and range.
Wider-range impedance measurements possible with reduced accuracy.

The components are loaded onto a test board and in
serted into a test drawer. A scanner connects the com
ponents, one at a time, to an automatic RLC bridge for
measurement. All connections are five-terminal to pre
serve the basic 0.1 % accuracy of the bridge in the pres
ence of system lead impedances and stray capacitances.

After the bridge completes a measurement, it sends
the data to a printer to be recorded. It also sends the
data to a comparator that has been previously set with
upper and lower limits for the capacitance or inductance
value and an upper limit for resistance, dissipation factor
or equivalent series resistance. The comparator auto
matically compares the measurement values to the pre
set limits and promptly gives visual and recorded GO or
NO-GO indications of the results.

Comparison Limits: Upper and lower limits for C and L, upper
limit for R, dissipation factor, and ESR. Each limit adjustable
from 00000 to 19999.
Display: 4-digit readout plus overrange digit, for reactive and
resistive values, with decimal point and unit of measurement;
frequency and unbalanced condition also indicated. 2-digit
channel indication provided and panel lamps indicate results
of comparison.
Speed: 50 components measured in <30 s, at 1 kHz (rate
slightly lower at 120 Hz, depending on differences in compo
nent values).
Input: Up to 50 channels scanned sequentially and auto
matically. Scanner adds <0.1 pF across unknown and main
tains 5-terminal connections to OUT. FIXTURE: components
under test are mounted on a test board and inserted into a
drawer. Axial-lead boards accept components up to 2.5 in.
long x 0.75 in. diameter (64 x 19 mm). Radial-lead compo
nent boards available.
Test Voltage: 2.2 V rms open-circuit oscillator level. Voltage
at OUT dependent upon impedance value and can be reduced.
Bias: 0 to 50 V dc, adjustable in O.l-V steps; used for capaci
tance measurements only.
Printout: 14 columns: 2 for channel number, 5 for C or L,
5 for R, 0, or ESR, 1 for range (decimal point and measure
ment units) and 1 for comparison result. Can print all values,
in-tolerance values only, out-of-tolerance values only, or out
of-tolerance values in red with in-tolerance in black.
Available: Card- and tape-punch couplers, other component
conditioning, data-processing, and recording equipment.

±2%

±0.1%

:±:1%

±0.1%

±0.1%

Basic
Accuracy'

±1% ±O.OOl0.0000 to 1.9999

2.5 itA to 25 mA

Range'
120 Hz 1 kHz

00.001 mil to 1.999.9 kil

0000.1 pF to 000.01 pF to
1999.9 ItF 199.99 ItF

0200.0 ItH to 020.00 ItH to
1999.9 H 199.99 H

0200.0 mil to 1999.9 kil

Measurement

SPECIFICATIONS

Inductance, L

Resistance, R

Capacitance, C

Dissipation Factor
(Concurrent with C)

Equivalent Series R
(Concurrent with C)

Leakage Current, optional
(GO, NO-GO indication)

A universal approach to avoid obsolescence. The 2990
9259 system is universal; it tests resistors, inductors,
and capacitors in a variety of applications:
• For incoming inspection - decisions and data logging
are automatic.
• For environmental testing - up to 50 components are
mounted on a single test board and tested in less than 30
seconds. They can then be moved to an environmental
chamber, conditioned, and returned to detect changes.
• For quality control- small- or large-lot samples are
quickly evaluated at 120 Hz or 1 kHz.

An integrated approach The system consists of six
major units, so successfully integrated that, once the
initial measurements are set, one push of a button ac
complishes the rest - 50 tested components in less
than 30 seconds.

• 0.1% documented GO/NO-GO tests in half a second

.• R: 200 mil to 2 Mil

• L: 20,uH to 2000 H, plus loss

• c: 0.01 pF to 2000 ,uF, plus loss, measured with
010 50-V bias

• 5-terminal connections

• test frequency: 120 Hz or 1 kHz

• Push 1 button •.. 50 components measured 
complete printout
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GR's 1683 Automatic R Bridge serves
many measurement systems, both c
standard. Each 1683 so used is thoro y checked for sys-
tem compatibility as well as for individual performll!1Ce.



1683 Automatic RLC Bridge
• Resistance: 1 fLn to 2 Mn

• Inductance: 0.1 nH to 2000 H

• Capacitance: 0.01 pF to 0.2 F

• 0.1% basic accuracy

• up to 20 measurements per second

The 1683 Automatic RLC Bridge is a fully-automatic,
low-frequency, five-terminal impedance bridge that meas
ures capacitors, inductors, and resistors with loss ex
pressed as a series element. It is a true bridge whose
accuracy depends on stable passive standards. The auto
matic nature of the bridge allows unskilled personnel to
make precision measurements at the push of a button.

The accuracy and rapid speed of balance make the
1683 a natural choice for incoming inspection, quality
control, and high-volume production applications where
a large number of components must be measured in as
short a time as possible. The wide range of the 1683
enables it to measure almost any type of compon·ent.

The data-output option enables you to retrieve, record,
analyze, and utilize volumes of data in a minimum of time.
The bridge is designed to interface with scanners, com
parators, card- and tape-punch machines, recorders, and
computers, all of which can be supplied by GR separately
or as a system.

The programming option allows for external control of
the bridge functions. This is desirable for fully-automated
testing where a master computer may be controlling one
or more bridges and other accessory equipment. The
computer would function as controller, data retriever,
data analyzer, and decision maker to reduce the possi
bility of error. Such a controlled system would provide
for extremely fast, accurate, and economical component
evaluation.
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The five-terminal feature provides you with the ability
to measure accurately low-impedance and high-impe
dance components far removed from the bridge. The
Kelvin-type connection lessens the effects of lead imped
ance and enables milliohms of impedance to be meas
ured at the end of several feet of cable. The fifth terminal,
the cable shield, is used to reduce the effect of stray
capacitances on measurements of high impedance. This
feature is especially useful when a series of small-valued
capacitors is measured in sequence with a scanner
system.

The bias feature and leakage option provide the ability
to characterize large-valued tantalum- and electrolytic
class capacitors at one station. The equivalent-series
resistance (ESR) option provides you with another means
to express loss in capacitor measurements as required by
some MIL specifications.

The many features incorporated in the 1683 Automatic
RLC Bridge allow you to accomplish fast, accurate, and
economical testing of resistors, inductors, and capacitors
in a number of applications ranging from laboratory use
to the most sophisticated of computer-controlled systems.
-See GR Experimenter for March-June 1970.
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·Range Accuracy
Measurement at 120 Hz at 1 kHz (% of reading) ±

(% of full scale)

CAPACITANCE With concurrent loss measurement 0000.1 pF to 1999.9 ,.F 000.01 pF to 199.99 ,.F ±0.1% ±.005%
(that can be displayed as dissipation factor or equiv- 02.000 mF to 19.999 mF 0200.0 ,.F to 1999.9 ,.F ±1%±.05%alent series resistance) and optional GO, NO-GO leak- 020.00 mF to 199.99 mF 02.000 mF to 19.999 mF ±5%* (typically 1%) ±0.5%age-eurrent test.

INDUCTANCE With concurrent loss measurement 00.001 ,.H to 19.999,.H 0000.1 nH to 1999.9 nH ±5%* (typically 1%) ±0.5%

expressed as series resistance. 020.00 ,.H to 199.99 ,.H 02.000 ,.H to 19.999 ,.H ±1.0%±0.1%
0200.0 ,.H to 1999.9 H 020.00 ,.H to 199.99 H :to.1% ±.01%

RESISTANCE Simple resistance, or series resistance 00.001 mil to 19.999 mil ±5%* (typically 1%) ±0.5%
020.00 mil to 199.99 mil ±1% ±.05%with inductance measurements. 0200.0 mil to 1999.9 kil ±0.1% ±.005%

.
0.0000 to 1.9999 ±1%±0.05%

DISSIPATION FACTOR (D) Concurrent with capaci- accuracy differs on the following capacitance ranges:
tance measurements. 0.2000 mF to 19.999 mF I 0200.0 ,.F to 1999.9 ,.F ±1% ±0.5%

20.000 mF to 199.99 mF 02.000 mF to 19.999 mF ±5%±5%

·00.001 mil to 19.999 mil ±5%* (typically 1%) ±0.5%
EQUIVALENT SERIES RESISTANCE (Option 4) Con- 020.00 mil to 1999.9 kil with C reading of:

03000 to· 19999 ±1%±0.1%current with capacitance measurements. 02000 to 02999 ±1% ±0.125%
01000 to 01999 ±1% ±0.5%

LEAKAGE CURRENT (Option 3) GO, NO-GO indication 2.5 ,.A to 25 mA in 5 ranges 2% of readingconcurrent with capacitance measurement.

* In single or variable measurement mode; ±1% of reading plus ±0.1% of full scale in tracking mode.

Interface:
low-level Data Output (Option 5A): 50-pin Amphenol Type

57 connector provides 11 digits of measurement data (5 for
reactance, 5 for resistance, 1 for range) plus various con
trol inputs and outputs for systems use. Digits are 1-2-4-8
weighted BCD at standard TIL logic levels (logic "0" = ground
with 10-mA sink capability, logic "1";;;' 3.5 V).

High·level Data Output (Option 58): Same as low-level ex
cept all outputs are 15-V swing (logic "0" = ground with lO-mA
sink capability, logic "I" = + 15 V behind 12 kn).

Remote Programmability (Option 2): 50-pin Amphenol Type
57 connector provides terminals for external remote program
ming of all control functions except line-voltage control. Func
tions are controlled by closures to ground or standard TIL
levels.

Environment: TEMPERATURE: +10 to +40°C operating.

Available: 1683-P1 TEST FIXTURE, 2995-9158 BIAS SUPPLY,
printers, recorders, card-punch couplers, scanners.

Power: 100 to 125 and 200 to 250 V, 50-60 Hz, no W.

Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19x7.88x25.38 in. (483x200x645 mm); rack, 19x7x
23.75 in. (483x178x604 mm). WEIGHT: Bench, 60 Ib (28
kg) net, 74 Ib (34 kg) shipping; rack, 50 Ib (23 kg) net, 67 Ib
(31 kg) shipping.

SPECIFICATIONS
Display: Reactive and resistive readouts, each with 4¥2-digit
resolution, high-intensity neon readout tubes, decimal point,
and unit of measurement. Display also indicates measurement
frequency, unbalanced condition, manual- or remote-ranging
condition, and GO or NO-GO result of leakage current measure
ment.
Speed: Measurement rate at 1 kHz is = 20 measurements per
second for ±1% of full-scale change in unknown, 16/ S for
±10% change, and 8/ S for ±100% change; at 120 Hz, rates 10
times slower. Interval between measurements can be infinite
(measurements initiated by front-panel pushbutton or external
closure to ground) or from = 20 ms to 1 s as set by front-panel
control so that measurements are repetitive. Speed may be
decreased slightly when D is measured near the low end of
each capacitance range.
Terminals: Five; 4-terminal connection minimizes errors due
to lead impedance and ground terminal minimizes error due
to stray capacitance. Connections to unknown are made by
coaxial cables at the front and the. rear of the instrument. A
1683-P1 Test Fixture is available for the rapid connection of
axial-lead components and contains a start button to initiate
the measurements. Stray capacitance up to 2 pF across the
test fixture can be cancelled by an adjustment on the rear of
the 161:33.
Ranges: Nine for all measurements except five for leakage cur
rent. Ranging can be automatic, manual, or remote except
leakage current which has no automatic ranging.
Oscillator level: Voltage applied to unknown can be reduced
from the normal 22 V rms for special applications.
Sensitivity: Can be manually or remotely reduced from maxi
mum, with consequent loss of resolution, to overcome prob
lems with non-linear or rapidly changing unknown or external
noise or hum pickup.
8ias: 0 to 3 V internal, manually or remotely set; 600 V max,
external; 2995-9158 Bias Supply provides up to 50 V and 40
mAo Bridge fully protected from possible damage by charged
or shorted capacitors.
leakage-Current Test (Option 3): NO-GO limit can be man
ually set with 2% accuracy or remotely measured with 2%
accuracy from 1 p.A (under vernier control) to 25 mAo External
monitoring of leakage current or of a dc voltage proportional to
leakage current provided.

Description

1683 Automatic RLC Bridge
Bench Model, power freq: 60 Hz
Bench Model, power freq: 50 Hz
Rack Model, power freq: 60 Hz
Rack Model, power freq: 50 Hz

Select following options, if desired
OP2 Remote Programmability
OP3 Leakage Current
OP4 ESR Readout
OP5A* Low-Level Data Output
OP5B* High-Level Data Output

Accessory available
1683-P1 Test Fixture for axia I leads

* Not available together in the same instrument.

Patent Numbers 3,562,641 and 3,227,893.

Catalog
Number

(Describe
exactly
as shown
at the
left.)
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1684 Digital Impedance Meter
New Since
Catalog U

• automatic RLe measurements

• capacitance: 0.1 pF to 200 J-LF

• inductance: 0.1 J-LH to 200 H

• resistance: 1 mfl to 2 Mfl

• 1% basic accuracy

• 4 measurements per second

Triple economy You save 75% of the cost of system
bridges when you buy the 1684. You save the time
needed to train operators for manual bridges. You save
valuable testing time in incoming-inspection and quality
control as well as in the laboratory. There's no better
1% impedance instrument for those spots where speed
and total economy matter.
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Performance The 1684 does almost everything an im
pedance bridge is expected to do, does it well, and does
it fast and easily.

The 1684 reads out 3V2 digits of parallel capacitance
or series inductance at 1 kHz and ac or dc resistance
(with an option available for dissipation factor as well).

Provisions are included for the application of external
bias up to 50 volts and, optionally, for data output to op
erate limit comparators, for GO/ NO-GO tests and sorting,
and for data-logging instruments. Six-terminal connec
tions for the unknown device permit use of a Kelvin test
fixture or a probe for measurement of in-circuit com
ponents.

Solutions The 1684 is versatile. In the laboratory it
conveniently measures passive components, mounted or
unmounted, with 1% accuracy. For inspection applica
tions, it offers speed for semi-automatic and automatic
testing with external sorting and data-logging possibil
ities.
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SPECIFICATIONS
Ranges and Accuracy:
Capacitance: 0.1 pF to 199.9 /LF, parallel, 7 manual ranges.

ACCURACY:* ± 1% of reading ± 0.05% full scale ± 1 pF.
Resistance: 1 mn to 1999 kn, ac or dc, 7 manual ranges. .

ACCURACY:* ± 1% of reading ± 0.05% full scale ± 10 mn.
Inductance: 0.1 /LH to 199.9 H, series, 7 manual ranges.

ACCURACY:* ± 1% of reading ± 0.05% full scale ± l/LH·
when inductor Q> 1. '

Dissipation Factor (optional): 0.001 (2000/CL reading) to 1,
1 range. (Note: Min D = 0.001 for Cor L reading of 1.999,
19.99, 199.9 or 1999.) ACCURACY: ± 5% of reading
± 0.2~ full scale ± 0.001 (2000/CL reading), when Cor
L reading> 0199.

Display: 3% high-intensity neon readout tubes with decimal
point; automatically blanked when capacity of range is ex
ceeded. Display normally reads CRL or, optionally, dissipation
factor by means of a momentary pushbutton. SPEED: = 250
ms per measurement.
Oscillator Level: CAPACITANCE: 5 V pk on 100-pF range,
0.5 V on others. RESISTANCE AND INDUCTANCE: Constant
current per range, from 5 /LA for high R to 500 mA for low R.
Bias: 0 to 50 V dc, exte~nal only, for capacitors only; applied
to rear GR 274 banana Jacks; panel switch turns bias on and
off.

* For readings> 10% full scale on all ranges except highest impedance
1199.9 pF, 1999 kil, 19.9,9 H fUll scale) where first term is ±2% of read
Ing. Temperature coefficient IS ±0.OO72% of reading(·C from 0 to 50·C.

Terminals: 6,-terminal guarded connection reduces errors due
to lead impedances. 1684·P1 Test Fixture, supplied, provides
GR 938 binding posts for connecting unknown device 1684·P2
Test Fixture with Kelvin clips is available. 1684-P3 Probe pro
vides test leads with clips for in-circuit-unknown connection.
Test fixtures and probe plug into GR 274 banana jacks on
panel and are easily interchanged.
Environment: TEMPERATURE: 0 to +50·C operating, -40 to
+75·C storage. HUMIDITY: 95% RH and +40·C.
Supplied: 1684-P1 Test Fixture, power cord.
Available: 2995-9158 Bias Supply and, if data output IS in

stalled, limit comparators, printers, recorders, card-punch
couplers, scanners. Data Output option: Provides inputs and
outputs at rear 36-pin type 57 connector. ANALOG DATA:
Proportional to digital value of component at = 2.5 mV / count
(0 to +5 V for counts of 0 to 1999) and, if dissipation-factor
option installed, proportional to quadrature loss (Gp, Rs, or
Ls); outputs are relative to reference level of = 1 V. DIGITAL
DATA: 13-line 8-4-2-1 BCD at standard DTL or TTL levels (posi
tive true, logic 0 .;; +0.5 V, logic 1 > +3.5 V) plus closure to
ground for range, conversion-complete and overload outputs
and blanking and trigger inputs.
Power: 100 to 125 or 200 to 250 V, 50 to 60 Hz, 30 W max.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 1.2.75x5.63x17.56 in. (324x143x446 mm): rack 19x
5.25x13 In. (483x133x330 mm). WEIGHT: Bench, 18 Ib (9
kg) net, 25 Ib (12 kg) shipping: rack, 22 Ib (10 kg) net, 29 Ib
(14 kg) shipping.

1684-P1

1684-P2

1684-P3

Description

1684 Digital Impedance Meter, with
1684-P1 Test Fixture, supplied
Bench Models

without options
with dissipation-factor option
with data-output option
with D and data-output options

Rack Models
without options
with dissipation-factor option
with data-output option
with D and data-output options

Accessories
1684·P2 Test Fixture, Kelvin clips
1684-P3 Probe, for in-circuit testing
Extender Board, used in maintenance

catalog
Number

1684-9700
1684-9701
1684·9702
1684-9703

1684-9704
1684-9705
1684·9706
1684-9707

1684·9600
1684-9630
1684-4740
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1682 Automatic Capacitance Bridge, 1MHz
• 0.001 pF to 0.02 fLF

• 0.1 % basic accuracy

• 20 measurements per second

• 0 to 100 V built-in bias

Why measure capacitance at 1 MHz? Whatever your
reason, you'll find that with the GR 1682 it is as easy at
1 MHz as at much lower frequencies. Use of 1 MHz as
the test frequency permits accurate measurement of
small values of capa'citance in the presence of large
values of shunt conductance as found in many semicon
ductor devices and in rf networks. Many military and
commercial test specifications require I-MHz measure
ment of small solid-dielectric capacitors, like "ceramics,"
whose capacitance may vary with frequency,

The 1682 is a true bridge with transformer ratio arms
and precision impedance standards for high accuracy
and ensured long-term stability. Five-terminal connection

, for the unknown capacitor minimizes the effects of lead
impedances. This is a second-generation automatic GR
bridge that is fast and reliable.

The 1682 provides five-digit resolution for capacitance
measurements and four-digit resolution for concurrent
loss measurements, expressed as parallel conductance.
All measurements can be made with internal bias volt
ages from 0 to 100 V or any external bias voltage up to
200 V. The measuring signal level 'on unknown capacitors
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of <200 pF can be reduced to accommodate voltage
sensitive characteristics.

A continuous-tracking mode is provided for voltage
and temperature-coefficient studies. Full programmabil
ity is available with an array of inputs and outputs for
such enhancements as data printing, card punching, and
computer control.

5 Wires for a 2-Terminal Device? Yes! The four-termi
nal (Kelvin) connections minimize lead-impedance effects

. and preserve the accuracy of the bridge at the component
even with low-impedance unknown capacitors. And the
fifth, or ground, terminal provides a similar safeguard
with high impedances whose measurement might other
wise be affected by stray capacitance to ground.
-See GR Experimenter for November-December 1969,
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SPECIFICATIONS

*Accuracy
Measurement Range (% of reading)

CAPACITANCE With 00.001 to 1999.9 pF 0.2% ± 0.005% fs
concurrent loss meas-
urement displayed as 02.00 to 19.99 nF 5% ±0.05% fs
parallel conductance

CONDUCTANCE Con- 00.01 to 1999 ....U 1% ± 1 count
current with capaci-
tance measurement 02.0 to 19.9 mU 5% ± 0.5% fs

1682-P1 Test Fixture for axial-lead components

1682-P2 Test Fixture with GR9001!> terminals

1682-P3 Test Fixture with GR874® terminals

Available: 1682-P1, -P2, and -P3 TEST FIXTURES, printers, re
corders, card-punch couplers, limit comparators. Extender
boards are useful for servicing the bridge.
Power: 100 to 125 and 200 to 250 V, 50-60 Hz, 60 W.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19x7.88x24.75 in. (483x200x628 mm); rack, 19x7x
23.13 in. (483x178x588 mm). WEIGHT: Bench, 59 Ib (27
kg) net, 74 Ib (34 kg) shipping; rack, 50 Ib (23 kg) net, 67 Ib
(31 kg) shipping.

Catalog
Number

(Describe
exactly
as shown
atthe
left.)

1682-9601
1682-9602
1682-9603
4215-2700
4215-2701

Description

1682 Automatic Capacitance Bridge (1 MHz)
Bench Model
Rack Model

Select following options, if desired
OP2 Remote Programmability (not
available without option 5A or 5B)
OP5A* Low-Level Data Output
OP5B' High-Level Data Output

Accessories available
1682-P1 Test Fixture, for axial leads
1682-P2 Test Fixture, GR900® terminals
1682-P3 Test Fixture, GR874® terminals
Extender Board
Extender Board (2 req'd)

* Not available together in the same instrument.
Patent Numbers 3,562,641 and 3,227,893.

* Specified at the end of a 4-foot cable to unknown.

Display: 5-digit capacitance readout (4 digits on highest
range, 0.001 to 20 nF) and 4-digit conductance readout (3
digits on highest range, 1 to 20 mu; each with high-intensity
neon readout tubes, decimal point, and unit of measurement.
Display also indicates unbalanced condition.

Speed: Measurement rate is "" 20 measurements per second
for ±1O% of full:scale change in unknown, up to 50/ s for
closer tolerance unknowns, 6/ s for full-scale change, and 2/ s
with range changes. Interval oetween measurements can be
infinite (measurements initiated by front-panel pushbutton or
external closure to ground) or from "" 1 to 0.02 s as set by
front-panel control so that measurements are repetitive. A
TRACKING MODE provides continuous balances to monitor
changing unknowns.

Terminals: Five-terminal connection that minimizes errors due
to lead impedance and stray capacitance to ground are made
by coaxial cables at the front of the instrument. A 1682-P1
Test Fixture is available for the rapid connection of axial-lead
components and contains a start button to initiate the meas
urements. A 1682-P2 Test Fixture is available for the connec
tion of GR900® connector-terminated components such as the
GR 1405, 1406, and 1407 Coaxial Capacitance Standards. A
1682-P3 Test Fixture is available for the conn~ction of GR
874® connector-terminated components such as the GR 1403
Standard Capacitors or, by means of a 777-03 Adaptor, to any
component With %-in.-spaced binding posts. STRAY CAPACI
TANCE: Up to 0.5 pF across the test fixtures can be cancelled
on lowest two ranges by an adjustment at the rear of the 1682.

Ranges: Four. Top of each range: 20 pF, 200 pF, 2000 pF,
20 nF. Ranging can be automatic, manual, or remote.

Oscillator Level: Measuring voltage applied to the unknown C
can be reduced from the normal 500 and 50 mV rms on the
lower two ranges to 50 and 25 mV, with a I-digit resolution
loss, for special applications. Can also be factory modified, at
additional cost, for a I-V rms test voltage on lower two ranges
«200 pF) for conformance to MIL C55681. .
Sensitivity: Can be manually or remotely reduced from maxi
mum, with consequent loss or resolution, to overcome prob
lems with nonlinear or rapidly changing unknowns, or external
noise or hum pickup.

Bias: 0 to 100 V internal, source impedance 100 kD, manually
set; 200 V max external through 100 kD; 2995-9158 Bias Sup
ply provides up t9 50 V and 40 mAo A BNC connector is pro
vided to monitor the level.

Interface: LOW-LEVEL DATA OUTPUT: 50-pin Amphenol Type
57 connector provides 10 digits for measurement data (5 for
capacitance, 4 for conductance, 1 for range) plus various con
trol inputs and outputs for systems use. Digits are 1-2-4-8
weighted BCD at standard TTL logic levels (logic "0" = ground
with 10-mA sink capability, logic "1" ;;;, +3.5 V). HIGH-LEVEL
DATA OUTPUT: same except all outputs are 15-V swing (logic
"0" = ground, with 10-mA sink capability, logic "1" = +15V
behind 12 kD). REMOTE PROGRAMMABILITY - OPTION 2:
50-pin Amphenol Type 57 connector provides terminals for ex
ternal remote programming of all control functions except bias
and line-voltage control. Functions are controlled by closures
to ground or standard TTL or DTL signals.
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GR System Components
System performance depends as much upon a few

nearly "anonymous" component instruments as it does
upon the precision bridge or DVM that actually does the
measuring. Knowing this, GR has designed and built
many ancillary system components to ensure that we can
meet your expectations for system performance.

Scanners must make and break many, often complex,
connections at high speeds - GR scanners do. GOI NO-·
GO decisions depend on comparators that are fast and

accurate - GR comparators are. Data interface to card
and tape punches, teletypewriters, and computers must
be fast and unobtrusive - GR couplers excel.

Put these "anonymous" ones together with GR auto
matic measuring instruments and a judicious selection
of peripherals and you have a system for which GR is
proud to take full responsibility - a dependable system
that will easily pay its own way in your operation.

Scanners
Measuring systems, perhaps more than any others,

must be capable of rapidly changing many complex con
nectio.ns, particularly between the device-under-test and
the test equipment. Program-controlled scanners serve
this function, and GR has over 30 different configurations
of scanners to suit a wide variety of measurement de
mands.

GR scanners can switch single- or multiple-contact
lines to establish, for example, Kelvin connections to the
OUT. Scanner boards are available which will switch
high-voltage and high-current. lines without difficulty.

'~
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Computer-eontrolled scanner boards in Systems 2200.

Digital Limit Comparators
GOI NO-GO or multiple-category sorting of components

depends on decisions. In product-sorting systems, de
cisions need to be fast and accurate.

GR offers a family of digital limit comparators to fill.
that need. The 1781 and 1783 are typical of the family;
5-digit limits on two independent parameters are set on
front-panel thumbwheels.

With 5-digit capacity, these comparators add no un
certainty to 0.1%-accurate measurements.

Using BCD outputs of the pertinent measuring instru
ment, the comparator displays a GO light or a NO-GO light
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Series 1770 Scanner showing manual controls.

Lines shielded for high isolation or for high frequencies
can be handled by GR scanners without loss in perform
ance. Guarded connections are preserved through the
scanners for measurements that are independent of stray
capacitance and leakage.

Some GR scanners (the 2201 series) are intended
expressly for computer control. They are assembled on
circuit boards that are fully interchangeable, thus per
mitting the system to keep pace with changing require
ments. Other scanners (the 1770 series) are automatic.
They can be controlled manually or by external pro
gramming. Up to 100 channels can be selected either
randomly or sequentially. Sequential selection can be
stepped between preset limits on command or periodi
cally with selected step rate and dwell time.

00050 bOO So 01$00 b3050

1783 Digital Limit Comparator

(with information on which limit has been exceeded) and
closes a corresponding relay contact for operation of the
sorters, displays, or recorders in your system.

Several comparators can be used together for multi
ple-tolerance sorting.
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1785 Digital Printer
Permanent printed records-economically This printer

provides a precise, compact, and economical means of
recording 8-4-2-1 BCD data in permanent printed form
and is an excellent companion instrument for GR digital
instruments. It can be equipped either with a DTL! TTL
input compatible with integrated circuits or with a 15-volt
logic input (buffered) useful with RTL circuitry.

Records of up to 21 columns are produced in black or
red ink as selected electrically - a unique feature that
allows, for example, in-tolerance values to be printed in
black and out-of-tolerance values in red. The 1785 also
boasts a floating decimal point, a large selection of char
acters, input cables to tailor it to several GR instru
ments, and buffered input modules to reduce data-source
loading.

For special applications, please consult your nearest
GR regional office.

Catalog
Number

1785-9701
1785·9702

1785·9601
1785-9602

1785·1000
1785·1010
1785·1020

1785-0427

1785-0425
1785-0428

1785 Digital Printer
Portable Model, DTL 8-4-2-1 Input
Rack Model, DTL 8-4-2-1 Input

Sp"ecify 1 or more of follOWing essentials:
Input Cable for 1680 Bridge
Input Cable for 1682 or 1683 Bridge
Input Cable for 1926 Detector
Mating Connector Assembly (unwired,

for use with other data sources)
Select following options, if desired:

Buffered Input Module, 8-4-2-1
Buffered Input Module, 2-4-2-1

Accessories Available:
Paper, Roll (pack of 10)
Paper, Fan Fold (pack of 10)

SPECIFICATIONS
Printout: CAPACITY: 21 columns, floating decimal point se
lectable in any of 9 columns, 7 horizontal characters per in.,
5 vertical lines per in. RATE: 3 lines per in .. asynchronous.
CHARACTERS: 0 thru 9 and *, >, <" , ., and - in tirst 19
columns, Z, Y, X, W, db, %, 1-'1-', 1-', P, C, d, n, m, K, M, and G
in column 20. and m, l, g, P, B, -, F, n, S, M. H. cl s, Hz. W,
A, and V in column 21. COLOR: Red or black selectea elec
trically, adding-machine ribbon. PAPER: 3.5-in. wide, in
ternally stored, roll or fan-fold; single- and multiple-copy pres
sure-sensitive paper available.
Interlace: DATA INPUT: 4-line 8-4-2-1 BCD at standard 5-V
levels (logic 0 ,;;; +0.4 V at 3.2 mA max sink, logic 1 = +2.4
to +5 V or open circuit); 15-V 8-4-2-1 or 2-4-2-1 logic is com
patible with buffered modules (optional) only. CONTROL:
Print-command input IS lO-l-'s positive or negative pulse or
dc-coupled transition from logic 1 to logic 0 (6 mA max sink).
Busy-signal output is logic 0 to inhibit data source during
330-ms print cycle.
Power: 105 to 125 V or 210 to 250 V, 50 to 400 Hz, 50 W.
Mechanical: Portable or rack models. DIMENSIONS (wxhxd):
Portable, 8.5x7.75xI4.5 in. (216x197x368 mm): rack, 19x
8.75x13.25 in. (483x223x337 mm).

Description

.,.,

Couplers

Total-system attention at GR means not only versatile
adaptors to the DUT and assured compatability among
system components but also high-performance interfac
ing with devices that may not be supplied but which must
operate with the system. Typical of this capability is the
GR 1791 Card-Punch Coupler which enables any GR
system to output data to an IBM 526 card punch.

The 1791 accepts up to 22 digits of binary-coded digi
tal data in parallel form from one or more sources. It
converts the data to serial lO-line-decimal contact clo
sures as required by the card punCh.

1791 Card-Punch Coupler

SPECIFICATIONS

Input: Twenty-two 2-4-2-1 or 8-4-2-1 BCD digits. Logic "0": -8
to -50 V; logic "I": 0 to -2 V, with respect to a reference
level that can be ±50 V from chassis ground.
Output: 10-line decimal via reed-relay contact closures.
Speed: Determined by the associated punch.
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2995-9158 Bias Supply
Accuracy: ±(0.2% + 10 mY) typical. STABILITY: ±(0.1% +
1 mY) typical for 8 h. REGULATION: ±(0.2% + 10 mY) from
100 to 125 Vac line. RIPPLE: < 100 p.V rms.
Current: 40 mA positive, 10 mA negative. Transient current
limited to < 100 mA within 2 p.S.
Impedance: < 0.2 fl, up to 1 kHz; added 3-terminal capaci
tance, < 1 pF. LIMIT IMPEDANCE: 1 kn + 100 fl/ V.
Programming: 100 fl/ V, connected between two rear-panel
connectors.
Environment: OPERATING TEMPERATURE: 0 to 50°C. TEM
PERATURE COEFFICIENT OF VOLTAGE: ±(0.1% + 1 mV)/oC,
typical.
Supplied: Power cord, two locking GR874® coaxial connec
tors, two 2994-1007 one-foot coaxial cables.
Mechanical: Rack model only. DIMENSIONS (wxhxd): 19x3.5x
6.38 in. (483x89x162 mm). WEIGHT: 10.3 Ib (4.7 kg) net,
13 Ib (6 kg) shipping.

• 0 to 50 V, up to 40 mA

• programmable

This supply provides a bias voltage adjustable from 0
to 50 volts in increments as small as 0.1 volt. (Several
supplies can be used in series to permit a combined bias
voltage up to 150 V.) Voltages can be remotely pro
grammed or manually set, and a panel meter serves to
indicate the output level. The 2995-9158 also protects
the measuring instruments and handling equipment from
large current surges (as from a charged or shorted ca
pacitor inadvertently connected for measurement) by
instantaneously limiting the current.

An additional feature of this bias supply is the very low
series impedance it presents to the bridge test signal.
Thus, under most conditions, the bridge readings are
valid without correction for that impedance.

SPECIFICATIONS
Voltage: 0 to 50 V, adjustable in O.l-V increments with 3 in
line-readout dials.

Description

Bias Supply

Catalog
Number

2995·9158

More Versatility for GR Systems
The high performance of many manual instruments

can also be realized in systems applications; many GR
instruments are equipped for automatic operation.

Line - Voltage Regulation
can ensure continued proper
operation of measurement
systems in times of reduced
line voltage and rapid fluc
tuations. GR regulators re
spond quickly, dissipate lit
tle power, and add no inter
ference or distortion.

Programmable Attenua
tion The GR 1452 Atten
uator adds the oft-needed
amplitude control to a syn
thesizer in a system applica
tion. It will attenuate any
signal from 10 kHz to 500
MHz by 0 to 80 dB in less
than half a millisecond.

Recorders under program
control can create perma
nent records of test results
and of system function. GR
potentiometric strip - chart
recorders are fully program
mable and will plot dc infor
mation and ac levels up to
500 kHz.

......,
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Impedance Measurements
Automatic bridges, described
in the preceding pages, are
the primary part of many GR
systems providing the capa
bility to measure R, L, C,
and loss up to 1 MHz.

Frequency Measurement
The Type 1191-B Counter,
described fully toward the
back of this catalog, is pro
grammable and generates
BCD output data for meas
urements of frequency to
500 MHz as well as period,
time interval, and ratio.

Signal Sources Sine-wave
test signals from a fraction
of a hertz to 500 MHz are
available for test systems
from one of GR's nine fre
quency synthesizers. Varia
tions in programmable res
olution (down to 0.01 Hz),
in sweep capability, and in
signal purity offer a wide
choice of performance.

I , : f q '- I ~ 83
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1654 Impedance Comparator
• 0.003% impedance-difference resolution

• 100 Hz to 100 kHz - 4 fixed frequencies

• wide impedance ranges:
2il to 20 Mil
0.1 pF to 1000 J1-F
20 J1-H to 1000 H

• stable solid-state circuits

• fast sorting -
> 10,000/h, with accessory limit comparator

The GR 1654 Impedance Comparator indicates on
large panel meters and by analog output voltages the
difference in magnitude and phase angle between two
external impedances, usually a standard and an unknown.
Owing to its speed and percent-deviation readout, the
1654 is of great value in the sorting, selecting, and
adjusting of components in production and inspection
applications.

Accurate BecauSe the 1654 measures differences to
an accuracy of 3% of full scale, the measurement accu
racy and resolution as a percent of the total impedance
are considerably better, with comparison precisions to
±0.003%. In addition, the magnitude channel of the
1654 has been linearized to ensure accurate readings
without correction for up to 30% impedance differences.
Solid-state circuits are used in the 1654 so that drift of
the meter zero is negligible, permitting more certain ac
curacy and fewer interruptions for readjustment.

Versatile Test voltage, frequency, and measurement
ranges of impedance and phase-angle differences are all
selected by front-panel controls. Test voltage and meas
urement ranges are related and their panel switches inter
locked to reflect this relationship. Four measurement
ranges can be used with each test voltage. The highest
test level, 3 volts, gives the greatest sensitivity: 0.1%
and 0.001 radian, full scale. The lower levels, 1.0 and

GENERAL RADIO 1973 CATALOG

0.3 volt, permit measurement of more fragile compo
nents, allow easy voltage-coefficient tests, and (while
limiting maximum sensitivity) extend large-difference ca
pability to 30% and 0.3 radian, full scale.

Wide ranges of impedance, resistance, capacitance,
and inductance can be compared with the 1654. Since
it is a transformer bridge, its accuracy is little affected
by loading or by stray impedances for most measure
ments. A guard terminal is provided for making three
terminal connections to minimize the effects of stray
fixture and cable capacitance.

HIGH-SPEED SORTING, SYSTEMS EXPANSION
The 1654 measures the difference between two exter

nally connected components. For comparison measure
ments you need a standard. For rapid sorting you need
either a limit comparator or an alert operator who can
mentally juggle up to six numbers simultaneously. You
can solve these problems neatly by adding to the basic
impedance comparator or, more neatly yet, by letting us
do the adding in the form of one of several models of the
1654-Z Sorting System.

One model of the 1654-Z contains, in addition to the
1654 Impedance Comparator, one of our latest and best
decade capacitors. A second model contains a versatile
limit comparator especially designed for the 1654, and
a third model contains both.
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The 1413 Precision Decade Capacitor provides a range
of from 0 to 1.11111 p.F, an accuracy of 0.05%, and a
resolution of 1 pF. Any value in its range is set easily by
six in-line readout dials, and it may be connected to either
the front or the rear ofthe 1654.

The 1782 Analog Limit Comparator provides four limits
that you may use as your needs dictate: a high and low
limit for both magnitude and phase, two values of magni
tude only or phase only, or four high limits to sort compo
nents into five categories (say 5, 10, 20 and 30% and
reject). All limits can be set to an accuracy of within
±2% of full scale and bright-light panel indicators provide
results of the comparison in terms of GO or NO GO. The
1782 is avai lable also with a relay option to control auto
matic sorting mechanisms. The components can be ap
plied manually or automatically at rates up to four per
second. For special applications, up to 16 limit compara
tors can be connected to the 1654. Call your local GR
sales engineer for further details on incorporating addi
tional limit comparators or other automatic measuring
and sorting equipment.

TYPICAL USES
Rapid sorting and matching of precision components,

subassemblies, and networks, manually or with automatic
equipment.

Measuring the effects of time and environment on com
ponents, with high precision and continuous indication.

Rapid testing of the tracking of ganged potentiometers
and variable capacitors.

Studying the frequency dependence of components.
Easy comparison of quantities usually requiring labora-

tory techniques, such as:
Small impedance differences.
D of low-loss dielectric materials.

D ( = 6) of inductors.

Q or phase angle of wire-wound resistors or
potentiometers.

Balance of transformer windings.
Semiconductor capacitances.
Capacitance drift with temperature.

- See GR Experimenter for May-June 1969.

1654·Z1 Sorting System includes limit comparator
for additional limits.

1654-Z2 Sorting System contains precise
capacitance decade standard.

1654-Z3 Sorting System includes both a limit
comparator and capacitance decade standard.

* Low Rand L limits are increased and upper C limit decreased by
10:1 for I-V test voltage and by 100:1 for 3-V.
** To 0.1 pF by substitution method.

Impedance Difference Phase-Angle Difference
Test Ftlll-scale Range - % Full-scale Range - Radian

Voltage 0.1 0.3 1 3 10 30 0.001 0.003 0.01 0.03 0.1 0.3

0.3 V x x x x x x x x
IV x x x x x x x x
3V x x x x x x x x

SPECIFICATIONS
Frequencies: Internal only 100 Hz, 1, 10, and 100 kHz, ±1%.
Ranges: 0.1 % to 30% full-scale impedance difference; 0.001
to 0.3 radian full-scale phase-angle difference. Available
ranges depend on test voltage selected as shown in the fol
lowing table.

Impedance Ranges (0.3-V test voltage*)

Resolution: Meter, 0.003% and 0.00003 radian. Analog-volt
age output, 0.001% and 0.00001 radian.
Accuracy: 3% of full scale.
Voltage Across Standard and Unknown: 0.3, 1, or 3 V selected
by front-panel control. Test voltage of 2 V (with 0.6 and 6 V)
can be obtained on special order.
Analog-Voltage Outputs: Voltages proportional to meter deflec
tions at two rear-panel connectors: ±1O V full scale behind
<10 fl for 1782 Analog Limit Comparator; ±3 V or ±10 V (de
pending on range) full scale behind 2 kfl for DVM, A-D con
verter or other use.
Test Speed: About 1 component per second with meter, max.
With analog output voltage, about 4 components per second,
except about 1 component per second at 100 Hz.
Power: 105 to 125 or 210 to 250 V, 50-60 Hz, 15 W except
1654-Zl, 35 W.
Supplied: Multiple-contact connector and power cord.
Available: 1782 ANALOG LIMIT COMPARATOR (supplied with
-Zl and -Z3); 1413 PRECISION DECADE CAPACITOR (supplied
with -Z2 and -Z3) and other GR decade boxes and standards
of resistance, capacitance, and inductance; 1680-P1 TEST
FIXTURE for rapid connection of components (includes con-

Inductance

5 mH-1000H
500 I'H - 100 H

50 I'H- 1 H
20 I'H - 10 mH

CapacitanceResistanceFreq

100 Hz 2 n - 20 M.o. 1000 pF - 1000l'F
1kHz 2n- 2M.o. 50pF**-100I'F

10 kHz 2 n - 200 k.o. 50 pF** - 10 I'F
100 kHz 10n- 10 k.o. 50 pF** - O.l!LF
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necting cables); 1654-9600 ADAPTOR KIT for components
with %-in. spaced leads; 874-MB COUPLING PROBES for com
ponents with PA-in. spaced leads; and 874-R33 PATCH
CORDS for connection to GR874®-terminated standards or un
knowns.
Mechanical: 1654, bench or rack models; 1654-Z, all units
mounted in a single cabinet with necessary interconnections
made. DIMENSIONS (wxhxd): 1654 bench, 19.5x8.75x15 in.
(495x222x381 mm); 1654 rack, 19x7x13.5 in. (483x178x343
mm); 1654-21, 12x19.5x15 in. (305x222x381 mm); 1654-Z2,
-Z3, 17.5x19.5x15 in. (445x222x381 mm). WEIGHT: 1654

. bench, 40 Ib (19 kg) net, 60 Ib (28 kg) shipping; 1654 rack,
25 Ib (12 kg) net, 40 Ib (19 kg) shipping; 1654-Zl, 51 Ib
(24 kg) net, 63 Ib (29 kg) shipping; 1654-Z2, 66 Ib (30 kg)
net, 79 Ib (36 kg) shipping; 1654-Z3, 77 Ib (35 kg) net, 90
Ib (42 kg) shipping.

Description

1654 Impedance Comparator
Bench Model
Rack Model

1654-Z Sorting Systems (bench only)
1654-Z2 includes 1413 Decade Capacitor
1654-Z1 includes 1782 Limit Comparator
1654-Z3 includes 1413 and 1782

Select, if desired, with -Zl and -Z3 only
OP6 Relay Output

Accessories Available
1680-Pl Test Fixture
1654-9600 Adaptor Kit
874-MB Coupling Probe (2 req'd for

each term pair)
874-R33 Patch Cord (2 req'd for

each term pair)

Catalog
Number

1654-9700
1654-9701

(Describe
exactly
as shown
at left.)

1680-9601
1654-9600

0874-9666

0874-9690

I·'"

1782 Analog Limit Comparator
• accessory to 1654 Impedance Comparator

• 4 independent limits - use for high or low

• 2% of full scale accuracy

• GO/NO GO lights, optional contact closures

ponents per second can be measured with the two instru
ments together.

Four controls on the front panel permit the limits to be
set to 1% resolution; each control can act as either a
high limit or a low limit as selected on an adjoining switch
and for 6Z or 68 as selected by a rear-panel switch.
- See GR Experimenter for May-June 1969.

SPECIFICATIONS
Input: ANALOG VOLTAGE: ±1O V full scale. RESISTANCE (of
each comparator): 66 kfl, approx.
Output: ANALOG VOLTAGE: Identical to input. DECISION
OUTPUTS: Visual or relay contacts. Visual: NO-GO lamp for
each limit; GO lamp indicates measurement is within all limits.
Relay Contacts (optional): 5 SPDT contacts, 115 V rms, 0.1 A
rms, max.
Accuracy: ±2% of full scale.
Limit Controls: Four independent limits; can be set for +
(high) or - (low) with switch adjoining each control. DUAL
CONTROLS: Inner scale calibrated 0 to 100 (each division
corresponds to 100 mY), outer scale calibrated 0 to 30 (316
mV per division).
Test Speed: Approx 10 tests per second, max, for visual output.
Power: 105 to 125 or 210 to 250 V, 50 to 60 Hz, 20 W.
Supplied: 24-contact connector with relay models only, input
signal cable, power cord.
Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): Bench, 17x3.88x9.88 in. (432x99x251 mm); rack, 19x
3.5x8.63 in. (483x89x220 mm). WEIGHT: 9 Ib (4 kg) net,
15 Ib (7 kg) shipping.

The GR 1782 Analog Limit Comparator increases the
speed at which the 1654 Impedance Comparator will
operate in sorting applications. It compares the analog
voltage output of the 1654 against high and low limits set
on the 1782 front panel and displays GO or NO GO lights
for manual sorting. Optional relay-equipped models will
operate external automatic-sorting devices. Up to 4 com-

The 1782 is shown here with the 1654 Impedance Comparator to form
one version of the 1654-Z Sorting System.

Description

1782 Analog Limit Comparator
Bench Model, without relays
Rack Model, without relays
Bench Model, with relays
Rack Model, with relays

Catalog
Number

1782-9700
1782-9701
1782-9702
1782-9703
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1656 Impedance Bridge
• measures R, L, C, and G

• 0.1 % basic accuracy

• fast lever balancing

• digital readout of RLC and G

• portable, self-contained

Today's components demand high-precision measure
ments; today's schedules demand fast answers. GR's
1656 meets these demands. A precision adaptation of a
long-time favorite bridge, the 1656 simplifies 4-place
balancing with lever switches and reduces possible read
ing error with in-line digital readout of impedance.

Though of laboratory accuracy, the 1656 is also the
ideal general-purpose instrument for production, inspec
tion, and field use. It's fully portable and self-contained
for both ac and dc measurements and demands no
special training for proper use.

Measure extremely large or small value of R or G with
ease - you will appreciate the extraordinary sensitivity
of the detector in this instrument. Indeed, there are few

150 MANUAL IMPEDANCE MEASUREMENT

impedance measurements that will challenge it, whether
dc or audio-frequency. Notice the width of the ranges
specified below.
- Note: This product is manufactured also in Europe.
- See GR Experimenter for Marchi June 1970.

j=: .:.-..,-y;.:
- . ./

lever-arm switches on 1656 permit fast balances ana easy-to-read
answers.
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SPECIFICATIONS

Resolution
Accuracy*

(one digit on Frequencies :;;;1 kHz and small phase Frequencies >1 kHz or large phase angle
Range lowest range) angle (fs = full scale) Typical additional error terms

Capacitance: 0.1 pF to 1100 "F 0.1 pF ±(0.1% of reading + 0.01% of fs + ±[0.2 Df'H, +0.5 0' + 0.002 (fkH,)2]%
Series or parallel, 7 ranges 0.2% of reading on highest range)

Inductance: O.IIlH to 1100 H O.ll,H ±(0.1% of reading + 0.01% of fs + ±[0.2 fkH,/Q + 0.5/Q' + 0.002 (fkH,)2]%
Series or parallel, 7 ranges 0.2% of reading on lowest range)

Resistance: 0.1 mil to 1.1 Mil 0.1 mil ±(0.1% of reading + 0.01% of fs + ±[QfkH, + 0.003 (f...,)2]%**
Ac or dc, 7 ranges 0.2% of reading on lowest range)· *

Conductance: 0.1 nU to 1.1 U 0.1 nU ±(0.1% of reading + 0.01% of fs + ±[Qf'H, + 0.003 (f...,)']%**
Ac or dc, 7 ranges 0.2% of reading on highest range)··

Dissipation Factor, D:
series capacitance o to 1 - ±(0.00l ±5% of reading) ±(0.001 fkH, + 5% of reading)

parallel capacitance 0.1 to 50 - ±5% of reading (sliding null at ±5% of reading
high D)

Storage Factor, Q:
series inductance 0.02 to 10 - ±5% of reading (sliding null at low Q) ±5% of reading

parallel inductance 1 to '" - ±(5% of reading +0.001) for l/Q ±(5% of reading + 0.001 f'H,) for l/Q

* Full accuracy applies from 15 to 35°C, <85% RH (useful from 0 to 45°C). Residual terminal impedances of =0.3 pF, 0.15 IlH, and 1 mil must be
corrected to obtain specified accuracy.

** Terms apply to ac measurements when external phase balance is properly adjusted: otherwise accuracy is 0.5% of reading.

rapid and efficient component sorting device when the
panel meter of the bridge is used as a limit indicator.

The test jig makes a three-terminal connection to the
bridge, so that the residual zero capacitance is negligible.
The lead resistance (0.08 ohm total) has effect only when
very low impedances are measured, and the lead capaci
tance affects only the measurement of the Q of inductors,

introducing a small error in D (or 6) of less than 0.007.

Weight: Net, 10 oz (285 grams); shipping, 4 Ib (1.9 kg).

Generator: Internal, 1 kHz ±2% ac, 1.5 V dc. External, 20 Hz
to 20 kHz ac; Type 1310 or 1311 Oscillator recommended.
Detector: Internal, 1 kHz ac with >20-dB rejection at 2nd har
monic or flat, meter indication; 10-JLV/mm dc meter sensitiv
ity. External, Type 1232 Tuned Amplifier and Null Detector
recommended.
Bias: 600 V max on capacitors; small currents allowable on
inductors and resistors; external only.
Terminals: %-in.-spaced binding posts for unknown; pin jacks
for external ac generator and capacitor for ac phase balance;
phone jacks for external detector, bias, and DQ adjustment.
Supplied: Batteries.
Available: 1650-Pl TEST JIG for rapid and convenient connec
tion of axial-lead components to bridge. Permits 3-terminal
connection for negligible zero capacitance, introduces 80-mn
total lead resistance (which only affects measurements on
very low impedances), and adds a D or 11 Q error of less than
0.007.
Power: 5 D-cells, supplied; battery checks provided.
Mechanical: Flip-Tilt case and rack mount. DIMENSIONS
(wxhxd): Portable, 13.25xI2.87x6.69 in. (337x327x170 mm);
rack, 19xI2.25x5.75 in. (483x311xI46 mm). WEIGHT: Port
able, 15 Ib (7 kg) net, 21 Ib (10 kg) shipping; rack, 16 Ib
(8 kg) net, 28 Ib (13 kg) shipping.

1650-P1 Test Jig

This test-jig adaptor is used to connect components
quickly to a pair of terminals and can be placed on the
bench directly in front of the operator. Thus, the test jig
and 1650-B, 1656, or 1608-A Impedance Bridge make a

Flip-Tilt case provides
complete protection.

Description

1656 Impedance Bridge
Portable Model
Rack Model

D Cell, replacement battery
for 1656 (5 req'd)

Description

1650-Pl Test Jig

Catalog
Number

1656-9701
1656-9702

8410-0200

Catalog
Number

1650·9601
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1608-A Impedance Bridge
• measures C, R, L, and G with digital readout

• ±0.05% accuracy

• 20 Hz to 20 kHz (external generator)

• internal1-kHz oscillator and detector

• measures impedance of any phase angle

• accurate D and a readings

This wide-range bridge will measure precision compo
nents to an accuracy of 0.05% - capacitance, induc
tance, and ac as well as dc resistance and conductance.
An almost error-free readout and rapid-balance adjust
ments allow accurate and fast laboratory or production
tests. Six bridge circuits cover all possible phase angles
so that any network can be measured, even such "black
boxes" as filters, transducers, and equalizers.

In ac resistance and conductance measurements, a Q
adjustment for precise balancing gives phase information
useful in predicting high-frequency behavior. This ca
pability is also useful for measuring lossy reactances,
such as rf chokes, without a sliding null. The high phase
precision of ±0.0005 radian makes D or Q measurements
meaningful on low-loss reactances, which must often have
tight D or Q tolerances for use in precision networks.

The 1608-A will measure resistors at EIA-specified dc
voltages, three-terminal capacitors and small capacitors
remotely located, voltage-biased capacitors or current
biased inductors and resistors. Almost any impedance
is measurable over the audio-frequency range.

The ability to measure small capacitances by a three
terminal connection makes possible the measurement of
the capacitance between components, wires, or mounting
structures. Long, shielded cables can be used without
significantly affecting the accuracy of the measurement.

For production testing of components, the 1650-Pl
test jig is recommended.

This self-contained bridge system includes six bridges,
along with suitable ac and dc sources and detectors. The
bridge elements are precision units. The wire-wound
resistors are similar to those used in GR decade resis
tance boxes; the standard capacitor is a combination
silver-mica and stabilized-polystyrene unit, with a low
temperature coefficient.

The readout system is digital for C, R, L, and G, as well
as for the Q of resistors. D and Q for capacitors and in
ductors are read from a dial with the correct scale illumi
nated. Decimal points and units are indicated auto
matically, and there are no multiplying factors for any
quantity at 1 kHz or dc.

The C-R-L-G readout has both coarse and fine adjust
ments controlled by concentric knobs.
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Elementary schematics of the capacitance, conductance, resistance, and reactance bridges.

DC Resistance and Conductance: Same as for I-kHz measure
ment, except that accuracy is limited by sensitivity at the range
extremes. Balances to 0.1 % are possible from 1 ohm to 1
megohm with the internal supply and detector.

D (or ~) of Cor L: ±0.0005 ±5% at 1 kHz or lower.
±0.0005f.H, ±5% above 1 kHz.

Qof R or G: ±0.0005f'H. ±2%.

Generator: Internal, 1 kHz ±1% module normally supplied;
plug-in modules for other frequencies available on special or
der. Level control provided. With external generator, fre
quency range of bridge is 20 Hz to 20 kHz. Type 13lO-B
Oscillator recommended if external generator required. Inter
nal dc supply 3.5, 35, and 350 V, adjustable; power limited to
¥3Wor less.

Detector: Internal or external; ac; can be used either flat or
selective at frequency of plug-in module (normally 1 kHz);
other frequencies available; second-harmonic rejection of 25
dB. Sensitivity control provided. Type 1232-A Tuned Amplifier
and Null Detector recommended when external generator is
used.

Dc Bias: Capacitors can be biased to 500 V from external
source; bias current up to 40 mA can be applied to inductors.

Supplied: Power cord, spare indicator lamps.

Available: 1650-P1 TEST JIG.
Power: 105 to 125 or 210 to 250 V, 50 to 60 Hz; 10 W.

Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x12.5x11.5 in. (483x318x293 mm); rack, 19x12.25x
10 in. (483x312x254 mm). WEIGHT: 37 Ib (17 kg) net, 54
Ib (25 kg) shipping.

The I-kHz frequency-selective networks for the internal
oscillator and tuned detector are on a plug-in module,
which can be easily replaced with modules available for
other internal test frequencies. Provision is made for use
with an external oscillator and detector. Three dc sup
plies are included to obtain maximum sensitivity over a
wide range of resistance.

SPECIFICATIONS
Ranges:
Capacitance: 0.05 pF to 1100 JLF in seven ranges, series or
parallel.
Inductance: 0.05 JLH to 1100 H in seven ranges, series or
parallel.
Resistance: (series) 0.05 milliohm to 1.1 megohms, ac or dc.
Conductance: (parallel) 0.05 nanomho to 1.1 mhos, ac or dc
(20,000 megohms to 0.9 ohm).
D: (of series capacitance) - 0.0005 to 1 at 1 kHz.

(of parallel capacitance) - 0.02 to 2 at 1 kHz.
Q: (of series inductance) - 0.5 to 50 at 1 kHz.

(of parallel inductance) - 1 to 2000 at 1 kHz.
(of series resistance) - 0.0005 to 1.2 inductive at 1 kHz.
(of parallel conductance) - 0.0005 to 1.2 capacitive

at 1 kHz.
Frequency: 1 kHz with internal oscillator module supplied; 20
Hz to 20 kHz with external oscillator.

Accuracy:
C,G,R, L

At 1 kHz: ±0.05% ±0.005% of full scale except on lowest
Rand L ranges and highest C and G ranges, where it is
±0.2% ±0.005% of full scale.

Additional error terms for high frequency and large phase
angle:

C and L: [±O.OOl(fkH,)' ±O.IDf'H' ±0.5D']% of measured
value.

Rand G: [±0.002(fkH')' ±10-<>(f,ftt)' ±O.lQl% of measured
value.
Residual Terminal Impedance: R = 0.001 n, L = 0.15 JLH,
C=0.25 pF.

Description

1608-A Impedance Bridge

Bench Model, 115 V
Bench Model, 230 v
Rack Model, 115 V <b
Rack Model, 230 V

Catalog
Number

1608-9801
1608-9802
1608-9811
1608-9812

<b Federal stock numbers are Iisted before the Index.
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1650-B Impedance Bridge
• measures L, C, and loss; Rand G

• 1% accuracy

• 20 Hz to 20 kHz, internal 1 kHz and dc

• portable, self-contained, battery-operated

The 1650 Impedance Bridge will measure the induc
tance and storage factor, Q, of inductors*, the capaci
tance and dissipation factor, 0, of capacitors, and the ac
and dc resistance or conductance of resistors.

Three-terminal measurements can be made in the
presence of considerable stray capacitance to ground.

This bridge is completely self-contained and portable.
Battery-powered, low-drain solid-state oscillator and de
tector are included. The panel meter indicates both dc
and ac bridge unbalances.

The measured quantities, R, G, L, C, 0, and Q, are in
dicated directly on dials with logarithmic scales for con
stant percentage accuracy. Multipliers and the units of
measurement are indicated by the range setting.

The bridge circuit elements are high-quality, stable
components that ensure long-term accuracy. The Ortho
null® balance finder, a patented mechanical-ganging de
vice, is used to make a low-Q (high-D) balance possible
without a sliding null. This mechanism, which may be
switched in or out as desired, adds accuracy as well as

• Including such low-Q inductors as rt coils measured at 1 kHz.

SPECIFICATIONS

convenience to low-Q measurements that are practically
impossible on other impedance bridges.

The Flip-Tilt case provides a convenient handle and a
captive protective cover and base that allow the bridge
panel to be tilted for use at any angle.

- Note: This product is manufactured also in Europe.
- See GR Experimenter for March/June 1970.

Ranges of Measurement Accuracy

20 Hz to 20 kHz t DC Residuals

Capacitance --I pF to 1100 I!F, series or parallel, 7 ranges ±l%±lpF =0.5 pF

Inductance --11!H to 1100 H, series or parallel, 7 ranges ±l%±lI!H =0.2I!H

Resistance

ac or dc, 1 mil to 1.1 M!l, 7 ranges ±l%±lm!l ±1%, 1 !l to 100 k!l, ext supply or detector required = 1 milfor> 100 k!l and < 1!l.

Conductance
ac or dc, 1 nU to 1.1 U, 7 ranges ±l%±lnU ±1%, 10 I!U to 1 U, ext supply or detector

required for < 10 I!U.

Dissipation Factor, D, at 1 kHz:
0.001 to 1, of series C, ±5% ± 0.001 at --
0.1 to 50, of parallel C. 1kHz and lower

Storage Factor, Q, at 1 kHz:
0.02 to 10, of series L, 1/ Q accurate to --±5 ± 0.001 at1 to 1000, of parallel L. f:;;; 1 kHz

t Bridge operates up to 100 kHz with reduced accuracy.

Power: 4 size-D cells. supplied.
Mechanical: Flip-Tilt case and rack mount. DIMENSIONS
(wxhxd): Portable, 13x6.75xI2.25 in. (330xl71x311 mm);
rack, 19xI2.25x4.13 in. (483x311x105 mm). WEIGHT: Port
able, 17 Ib (8 kg) net, 21 Ib (10 kg) shipping; rack, 18 Ib (9
kg) net, 30 Ib (14 kg) shipping.

Generator: Internal; 1 kHz ±2%. Type 1310 or 1311 Oscillator
recommended if external generator is required. Internal dc
supply, 6 V, 60 mA, max.
Detector: Internal or external; internal detector response flat
or selective at 1 kHz; sensitivity control provided. Type 1232-A
Tuned Amplifier and Null Detector is recommended if external
detector is required. Combination of 1311 oscillator and 1232
detector is available as the 1240 Bridge Oscillator-Detector.
DC Polarization: Capacitors can be biased to 600 V from ex
ternal dc power supply for series capacitance measurements.
Required: None. Earphones can be used for high precision at
extremes of bridge ranges.
Available: Type 1650-Pl TEST JIG.

o Federal stock numbers are listed before the Index.

Description
1650·B Impedance Bridge

Portable Model 0
Rack Model

Replacement Battery, size Dcell; 4 req'd

Patent Number 2,966,257.

Catalog
Number

1650-9702
1650-9703
8410-0ZOO
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New Since
Catalog U

1621 Precision Capacitance
Measurement System

SPECIFICATIONS
(See 1616 for performance specifications)
Frequency: 10 Hz to 100 kHz.
Supplied: 1616 Precision Capacitance Bridge, 1316 Oscillator,
1238 Detector, all necessary interconnection cables, and
power cord.
Available: 1408 REFERENCE STANDARD CAPACITORS (10 pF
and 100 pF) for calibration.
Power: 100 to 125 and 200 to 250 V, 50 to 60 Hz, 51 W.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19.75x24.25x15 in. (502x616x381 mm); rack, 19x
20.91x11.44 in. (483x531x291 mm). WEIGHT: Bench, 105
Ib (48 kg) net, 140 Ib (64 kg) shipping; rack, 90 Ib (41 kg)
net, 125 Ib (57 kg) shipping.

Three integrated units The 1621 is an assembly of
three integrated instruments: A precision ratio-arm
bridge, a highly stable oscillator, and an extremely sen
sitive detector. Most of the bridge's internal standards
are enclosed in an insulated housing to reduce the effects
of ambient temperature changes; unused standards are
disconnected to reduce shunt capacitance at the detec
tor input. The oscillator provides up to 125 V or 5 A for
sufficient signal to be detected even with unbalances as
small as one part in 10' of 10 pF. The detector contains
three meters to help you speed the balance: One displays
the magnitude and the other two simultaneously display
the in-phase and quadrature components of any un
balance.
- See GR Experimenter for Octoberl December 1970.

• 10-7 pF to 10 fLF
12-digit readout, 10-ppm basic accuracy

• 10-10 fLU to 1000 fLU
5-digit readout, 0.1% basic accuracy

• 10 Hz to 100 kHz

• 3-terminal measurements
with 2- or 3-terminal connection

• comparison measurements

• simple lever balance with in-line readout

The whole of precision The 1621 represents the first
major improvement in nearly a decade in ultra-precise
laboratory capacitance intercomparisons and dielectric
measurements. It is a completely self-contained system
capable of capacitance measurements in increments as
small as 0.1 aF (10-7 pF) and conductance measure
ments in increments as small as 100 aU (10-'0 }LU; equiv
alent to a shunt resistance of 10'0 M.n). Measurements
are three terminal, with 2- or 3-terminal connection, and
provision is also made for the connection of an external
standard for comparison measurements.

Such capability and precision are usually accompanied
by restricted frequency and complex operation. The
1621, however, avoids these difficulties. Little degrada
tion of performance occurs from 10 Hz to 10 kHz and
operation to 100 kHz is possible. Balances are achieved
by in-line readout lever switches - easily adjusted and
read correctly. All digits of capacitance and conductance,
as well as pertinent multipliers, are also provided by
BCD-coded contact closures, available-at rear-panel con
nectors for use by printers or data-processing equipment.

Description

1621 Precision Capacitance·Measurement System
Bench Model, 60-Hz
Rack Model, 60-Hz
Bench Model, 50-Hz
Rack Model, 50-Hz

Catalog
Number

1621·9701
1621-9702
1621-9703
1621-9704
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New Since
CatalogU

1616 Precision
Capacitance Bridge

• 10-7 pF to 10 J-tF -12·digit readout

• 10--10 J-tU to 1000 J-tU - 5-digit readout

• 10 Hz to 100 kHz

• up to 150-V input from oscillator

• 3·terminal measurements

• coaxial measurements

The heart of precision The 1616 is the heart of the
1621 Capacitance-Measuring Assembly. The bridge is
also available separately for use where oscillator and de
tector are on hand or in applications in which they must
be specialized for a unique need.

The 1616 employs a transformer ratio-arm bridge with
which unbalances as small as 0.1 aF (10-7 pF) and 100
aU (10- '0 p.U) can be resolved. Detection of such small
unbalances is aided by ratio-transformer voltage capabil
ities up to 160 volts at 1 kHz and by range switching
that disconnects the unused internal standards in order
to reduce shunt capacitance across the detector input.

For thermal stability in preCISion intercomparisons,
eight of the twelve internal capacitance standards are
mounted in an insulated compartment to reduce the
effects of ambient temperature changes. Misreading the
values at balance is virtually impossible due to direct
reading lever switches that control the balance for both
capacitance and conductance. Panel layout is unusually
neat - only the unknown capacitor and, if desired, an
external standard for comparison measurements are con
nected to the front panel; the oscillator and detector
are connected to the rear as are the BCD data-output
channels.
- See GR Experimenter for October{ December 1970.

Comparison: Terminals provided to connect external standard
for comparison measurements; 13-position panel switch multi
plies standard by -0.1, O... +1.

Input: The smaller of 160 f'H, or 350 V rms can be applied to
the bridge transformer at the GENERATOR terminal without
waveform distortion; 500 V rms max, depending on conduc
tance range, when GENERATOR and DETECTOR connections
are interchanged.

Interface: GR900® locking coaxial connector on panel to con
nect 2-terminal unknowns, 2 gold-plated GR874® locking
coaxial connectors on panel to connect 3-terminal unknowns
and 2 to connect external standard. DATA OUTPUT: 50-pin
and 36-pin type 57 connectors on rear provide connection to
8-4-2-1 weighted BCD contacts (rated at 28 V, 1 A) on each
switch for capacitance and conductance values respectively.
OSCILLATOR and DETECTOR: Connect to rear BNC con
nectors.

Required: OSCILLATOR: GR 1316 recommended. DETECTOR:
GR 1238 recommended. The 1616 Bridge is available with
this oscillator and detector as the 1621 Capacitance-Measur
ing Assembly.

Available: 1316 OSCILLATOR, 1268 DETECTOR, a broad line
of capacitance and resistance standards, and coaxial cables
for connection of unknowns and standards.

Mechanical: Bench or rack model. DIM ENSIONS (wxhxd):
Bench, 19.75x13.81x12.88 in. (502x351x327 mm); rack, 19x
12.22x10.56 in. (483x310x268 mm). WEIGHT: Bench, 57 Ib
(26 kg) net, 69 Ib (32 kg) shipping; rack, 49 Ib (23 kg) net,
61 Ib (28 kg) shipping.

SPECIFICATIONS
Capacitance measurement, 3-terminal: DECADES: 12.
RANGE: 0.1 aF to 1 /-'F (10-19 to 10--6 F). ACCURACY:* ±10
ppm, when most-significant decade is 1, 10, or 100 pF per
step; otherwise, and at other frequencies, accuracy is ±[50
ppm + (0.5 + 20 C/-,,) (f'H,)' ppm + (f'H,) aF).
Capacitance, 2-terminal: Same as above, except as follows.
RANGE: One additional decade, to 10 /-'F (10--19 to 10-5 F).
Conductance measurement, 3-terminal: DECADES: 5 (virtually
extended to 11 by G multiplier). RANGE: 100 aU to 100 /-,U
(10-1

• to lO---4U). ACCURACY:* ±(O.l% + 1 step in least sig
nificant decade). There is a small reduction in conductance
accuracy at frequencies other than l' kHz. RESIDUAL C
(across conductance standards): ±« 0.03 pF).
Conductance, 2-terminal: Same as above, except as follows:
RANGE: One additional decade, to 1000 fLU (10-1• to 10-] U).
Multipliers: FOR 3-TERM: Xl, X10; FOR 2-TERM: Xl, XlO,
X100; affect both C and G. FOR CONDUCTANCE ONLY: Xl,
XlO-l

, ••• X10"" (7 positions). Effects of these multipliers
are included in the specified ranges.
Frequency: 10 Hz to 100 kHz.
Standards: CAPACITANCE: Air dielectric with TC < +20
ppm! °C and D <10 ppm for 8 lowest decades; Invart, air di
electric with TC of +3 ±1 ppm! °C and D <G10 ppm for 3 mid
dle decades; mica dielectric with TC of 20 ±10 ppm! °C and
D <200 ppm for 2 highest decades. ADJUSTMENTS for all
capacitance standards available through key-locked door on
panel. THERMAL LAG: C standards for first 8 decades
mounted in an insulated compartment with a thermal time
constant of 6 h (time required for compartment interior to
reach 63% of ambient change). CONDUCTANCE: Metal-film
resistors in T networks with small phase angles.

*Accuracy stated as fraction of measured value, for these conditions:
frequency, 1 kHz, except as noted; temperature, 23° ± 1°C; humidity,
<50% RH. -
t Registered trademark of the Carpenter Steel Co.

Description

1616 Precision Capacitance Bridge
Bench Model
Rack Model

Catalog
Number

1616-9700
1616-9701
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1316 Oscillator

Output Range

*±5% for outputs >30 V rms at frequencies >50 kHz.

Reference Outputs: Quadrature output lags in-phase output by
90°. Each available at rear BNC connectors.

short-term (10 min) 0.001%, long-term (12 h) 0.005%. RE
SETTABILlTY: Within 0.005%.
Power Output: CONTROLLED by 5-position switch and uncali
brated vernier. MONITORED by meter with ±3% accuracy.
AVAILABLE at rear BNC connector.

1316-9700
1316-9701

Catalog
Number

100kHz

~2%

±4%
47 kn

< 0.2% I < 0.4%

1.25 ± 0.25 V rms
In-Phase I Quadrature

100Hz I kl-lz 10 kHz
fREQUENCY - Hz

10Hz

Distortion, 100 Hz to 10 kHz

Response, 10 Hz to 10 kHz

10 kHz to 100 kHz
Minimum Load

Output, open-eircuit

1.5 V I 5V I 15 V I 50V I 150V

Open circuit E, rms ;;;'1.25V I ;;;'4V I ;;;'12.5VI ;;;'40VI ;;;'125V

Distortion < 0.2% from 100 Hz to 10 kHz

Hum 0.003% of max output

Response output constant within ±2% from 10 Hz to 100 kHz*

Short Circuit I 5A I 1.6 A I 0.5A I 0.16 A I 0.05 A

Distortion < 0.2% from 100 Hz to 10 kHz

Impedance 0.25 n I 2.5n I 25 n I 250n I 2.5 kll

Power 1.6 W max into matched load

1316 Oscillator
Bench Model
Rack Model

Description

Synchronization: INPUT: Frequency can be locked to external
signal; lock range, ±1%/ V rms input up to 10 V; frequency
controls function as phase adjustment. OUTPUT: ;;;'0.3 V rms
behind 27 kp.; useful to sync oscilloscope or to drive a counter
or another oscillator. Single rear BNC connector serves as
both input and output terminal.
Power: 100 to 125 and 200 to 250 V, 50 to 60 Hz, 36 W.
Mechanical: Bench or rack mount. DIMENSIONS (wxhxd):
Bench, 19.75x5x13.06 in. (502x127x332 mm); rack, 19x
3.47x11.44 in. (483x88x291 mm). WEIGHT: Bench, 261b
(12 kg) net, 32 Ib (15 kg) shipping; rack, 21 Ib (10 kg) net,
27 Ib (12 kg) shipping.

Convenience and performance Set four controls and
the 1316 provides any frequency from 10 Hz to 100 kHz
with 1% accuracy and with little chance of an improper
setting - the dials provide in-line readout, including dec
imal point and frequency units. Set two more controls,
and the 1316 provides up to 1.6 watts of output power
(125 V open circuit or 5 A short circuit), low distortion,
and accurate metering.

These features alone would qualify the 1316 as an ex
cellent general-purpose oscillator but it offers more: Out
put constant within ±2%, excellent stability (only 0.005%
drift over a 12-hour period), and a synchronizing feature
that allows the oscillator to be locked to an external stan
dard for even greater accuracy and stability.

Excellent bridge oscillator The 1316 is a high-perform
ance bridge oscillator specifically intended for use with
the 1238 Detector and the 1616 Precision Capacitance
Bridge. The oscillator supplies 2 references (in quadra
ture) for the 2-phase phase-sensitive detector, which en
ables you to make independent and ultra-precise bal
ances of the conductance (real part) and capacitance
(imaginary part) of capacitive devices.

The 1316 contains a Wien-bridge oscillator isolated
from the load by a low-distortion transformer-coupled
power amplifier. The oscillator circuit includes a provi
sion to introduce a synchronizing signal for phase locking
or to extract a signal, independent of the output setting,
to operate a counter or to synchronize an oscilloscope.
-See GR Experimenter for October! December 1970.

SPECIFICATIONS

Frequency: 10 Hz to 100 kHz in 4 decade ranges. Controlled
by one ll-position and one 10-position switch for the most
significant digits and a continuously adjustable dial with de
tented zero position for the third digit; in-line readout with
decimal point and frequency units.
Accuracy: ±1% of setting with continuously adjustable dial at
zero detent position. DRIFT (typical at 1 kHz): Warmup 0.1 %,

• 10 Hz to 100 kHz

• up to 125 V or 5-A output

• output level adjustable and metered

• in-phase and quadrature reference outputs

• in-line readout dials

• current-limited output - short circuits OK
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The 1238 Detector consists of a high-impedance low
noise preamplifier, a tuned amplifier, a compression
amplifier, and two phase-sensitive detectors. Three panel
meters provide the indications: one displays the magni
tude of the input signal and two others simultaneously
display its in-phase and quadrature components. The
reference signals can be rotated continuously from 0
through 360· to ensure that the phase meters respond
independently to the components of significance to you,
for the most rapid bridge balances or signal analysis.

The effects of noise, hum, or any other input-signal
contaminants are normally reduced or eliminated from
your measurements by means of a tunable filter, line-re
jection filter, and selectable time constants in the phase
sensitive detector circuits - all controlled from the front
panel by the simple push of a button or turn of a knob.
- See GR Experimenter for October! December 1970.

New Since
Catalog U

1238 Detector
• 10 Hz to 100 kHz

• 100-nV full-scale sensitivity

• magnitude, in-phase, and quadrature meters
for rapid bridge balances

• excellent bridge detector

Designed for the difficult If you've ever had to extract
a small signal from noise or to resolve a signal into its in
phase and quadrature components, you can appreciate
the advantages of the 1238. With its high gain - 130
dB - and meters not only for magnitude of the input
signal but for the in-phase and quadrature components
as well, the 1238 lends itself handily to the most exacting
appl ications.

This high-performance detector is attractive in other
respects also, including I-Gil input impedance for mini
mum loading, overload protection against signals up to
200 V, and flat or tuned frequency response (with or
without line-frequency rejection) to tailor the detector to
your signal no matter how "tainted" it might be.

Excellent bridge detector In combination with a spe
cial oscillator, GR 1316, that supplies the necessary
quadrature reference channels, this detector is superb
for sensitive audio-frequency detection. The combination
is specifically intended for use with the 1616 Precision
Capacitance Bridge, enabling resolutions of one part in
10' of 10 pF. Refer to the 1621 Precision Capacitance
Measurement System.

<30 nV X ybandwidthH, at 1 kHz with input impedance of 70
Mn#'500 pF. MONITORED by magnitude, in-phase, and quad
rature meters; phase-sensitive detectors contain time-con
stant variable from 0.1 to 10 s in 5 steps.
Reference Inputs from oscillator: Applied to rear BNC connec
tors. Two ;;'l-V rms ref~rence signals required, with 90° phase
difference between them. PHASE SHIFTER rotates both ref
erences continuously from 0 to 360° and two verniers rotate
each reference individually =10°.
Outputs: MAIN AMPLIFIER: 4 V rms (approx 2.3 V for full scale
on Magnitude meter) available at rear BNC connector. MAG
NITUDE: 6 V dc for full scale deflection; PHASE DETECTORS:
Up to 1 V dc each for full scale deflection (depending on Sensi
tivity setting); available at rear 5-pin type 126 jack.
Environment: TEMPERATURE: 0 to +55°C operating, -40 to
+75°C storage. BENCH HANDLING: 4 in. or 45° (MIL-810A
VI). SHOCK: 30 G, 11 ms (MIL-T-4807A-4.5-3A).
Required: Oscillator with 0 and 90° outputs; the 1316 Oscil
lator is recommended.
Power: 100 to 125 and 200 to 250 V, 50 to 60 Hz, 15 W.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19.56x6.66x12.94 in. (497x169x329 mm); rack, 19x
5.22x13.06 in. (483x133x332 mm). WEIGHT: Bench, 27 Ib
(13 kg) net, 40 Ib (19 kg) shipping; rack, 21 Ib (10 kg) net,
34 Ib (16 kg) shipping.

SPECIFICATIONS
Frequency: 10 Hz to 100 kHz, flat or tuned. FLAT: ±5 dB
from 10 Hz to 100 kHz. TUNED: Set by 4 in-line readout dials
with ±5'7'0 of reading accuracy, 2 to 4% bandwidth, and sec
ond harmonic ;;'30 dB down from peak. LINE-REJECTION
FILTER: Reduces line level by ;;'40 dB while signal is down 6
to 10 dB at 10 Hz from line frequency; filter can be switched
out.
Signal Input from bridge or other source: Applied to rear BNC
connector. SENSITIVITY: Also see curve; 100 nV rms typical
for full-scale deflection at most frequencies, compression can
be switched in to reduce full-scale sensitivity by 20 dB. IM
PEDANCE: 1 GI1#'20 pF. MAXIMUM INPUT: 200 V rms.
VOLTAGE GAIN: =105 dB in flat mode, =130 dB in tuned
mode, set by 12-position switch. SPOT NOISE VOLTAGE:

· SENSlTIVITY (MINIMUM D£TECTA8LE SIGNAL)

I\. METEA TIME CONSTANT: I S

'\ I I I

· f\ /ZI_.1T • I Mtll500 pF
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Description

1238 Detector
60-Hz Bench Model
60-Hz Rack Model
50-Hz Bench Model
50-Hz Rack Model

Catalog
Number

1238-9700
1238-9701
1238-9703
1238-9704
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1620-A Capacitance-Measuring Assembly

SPECIFICATIONS
Performance: Refer to the 1615 Bridge.
Frequency: 50, 60, 100, '120, 200, 400, 500, 1000, 2000,
5000, and 10,000 Hz. For use below 100 Hz, 1620-AP (with
preamplifier) should be used for resolution beyond 0.01 % or
0.01 pF.
Generator: 13ll-A Oscillator.
Detector: 1232-A Tuned Amplifier and Null Detector. 1232
P2 Preamplifier added in 1620-AP.
Power: 105 to 125 or 210 to 250 V, 50 to 400 Hz, 22 W for
oscillator. Null detector and preamplifier operate from inter
nal battery, 9 Burgess Type E4 cells or equivalent.
Mechanical: Bench cabinet. DIMENSIONS (wxhxd): 19.75x
19x1l in. (502x483x280 mm). WEIGHT: 59 Ib (27 kg) net,
96 Ib (44 kg) shipping.

Convenient Operation For both capacitance and dis
sipation factor, the balance controls are smoothly operat
ing, lever-type switches. The readout is digital and the
decimal point is automatically positioned. Each capaci
tance decade has a -1 position to facilitate rapid bal
ancing.

The 1615 elementary diagram (facing) is also clearly
delineated on the front panel of the bridge. Changes in
connections and grounds are automatically indicated, as
you switch the bridge terminals for different measure
ment conditions.

Extend Range to 11.1 f-LF With the 1615-Pl Range
Extension Capacitor, the 1615-A will measure to a maxi
mum of 11.11110 JLF. This capacitor plugs into front
panel bridge terminals and can be adjusted for calibration
to the bridge standards.

• 10.5 pF to 11.1 f-LF, 2- or 3-terminal

• 0.01 % accuracy, 1-ppm resolution

• lever balance, in-line readout

• reads dissipation factor or conductance

The 1620-A is a self-contained assembly of the GR
1615-A Capacitance Bridge with appropriate oscillator
and null detector for measurements at 11 frequencies
between 20 Hz and 20 kHz. For applications requiring
other or higher frequencies, to 100 kHz, the 1615-A
bridge can be supplied separately and the oscillator and
detector selected to meet your needs.

The 1620-A is intended for
• accurate and precise measurements of capacitance

and dissipation factor
• measurement of circuit capacitances
• dielectric measurements
• intercomparison of capacitance standards differing in

magnitude by as much as 1000:1
The 1615-A Capacitance Bridge brings to the measure

ment of capacitance, to the intercomparison of stan
dards, and to the measurement of dielectric properties
an unusual degree of accuracy, precision, range, and
convenience.

High accuracy is achieved through the use of precisely
wound transformer ratio arms and highly stable stan
dards fabricated from invar and hermetically sealed in
dry nitrogen. For calibration these standards can be
intercompared.

Two- or Three-Terminal Connection Accurate three
terminal measurements can be made even in the pres
ence of capacitances to ground as large as 1 ,...F, as might
be encountered with the unknown connected by means
of long cables. The bridge has the necessary internal
shielding to permit one terminal of the unknown capaci
tor to be directly grounded, so that true two-terminal and
three-terminal measurements can both be made over the
whole capacitance range.

1> Federal stock numbers are listed before the Index.
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Description

Capacitance-Measuring Assembly

1620-A. 115 V 1>
1620-A. 230 V
1620-AP, with 1232-P2, 115 V
1620-AP. with 1232-P2. 230 V

Replacement Battery (9 used)

Catalog
Number

1620-9701
1620-9702
1620-9829
1620-9830
8410-1372
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1615-A Capacitance Bridge
The 1615-A is an accurate, high-precision bridge for

the measurement and intercomparison of standard ca
pacitors, circuit component capacitors, or dielectric ma
terials. It is available with oscillator and detector in the
1620 assembly. Or, to take full advantage of its wide
frequency range, the bridge can be ordered separately
for use with oscillator and detector especially selected
for your purposes.

SPECIFICATIONS
RANGES

18000,F

1615-P1

ACCURACY

1615-P2

Capacitance. 10 aF to 1.11110 !"F (10-,i to 10--<0 farad) in 6 ranges,
direct-reading, 6-figure resolution: least count 10-" F (10 aF). With
Range-Extension Capacitor, upper limit is 11.11110 !"F.

Dissipation Factor, D, At 1 kHz, 0.000001 to 1, 4-figure resolution:
least count, 0.000001 (10--<0); range varies directly with frequency.

Conductance, G, 10--<0 !"U to 100 jJ.U, 2 ranges +, 2 ranges -, 4-ligure
resolution, least count 10--<0 !"U, independent of frequency: range
varies with C range.

At 1 kHz, ±(0.01% + 0.00003 pF). At higher frequencies and with
high capacitance, additional error is

[±3 X 1Q--5% + 2 (C!"F) X 10-'% ± 3 X 10-7 pF] X (f;H,)'.
At lower frequencies and with low capacitance, accuracy may be
limited by bridge sensitivity.
Comparison accuracy, unknown to external standard, 1 ppm.

±[O.l% 01 measured value + 1Q--5 (1 + IkH, + 5 fkH, C!"F)]

±[1% 01 measured value + 1Q--5 !"U + 6 X 10-' f'H, C!"F X (1' +
f'H, + 5 fkH, C!"F) !"{l]

erator and detector connections are interchanged, 150 to 500
V can be applied, depending on switch settings.
Detector: GR 1232-A Tuned Amplifier and Null Detector rec
ommended. For increased sensitivity needed to measure low
loss small capacitors (on lowest C and D ranges simultane
ously) at frequencies below 1 kHz, use 1232-AP or 1238 (with
1311 oscillator).
Supplied: 874-WO Open-Circuit Termination, 874-R22A Patch
Cord, 274-NL Patch Cord.
Available: Type 1615-P1 RANGE-EXTENSION CAPACITOR;
1615-P2.COAXIAL ADAPTOR converts 2-terminal binding-post
connection on 1615 bridge to GR900® Precision Coaxial Con
nector for highly repeatable connections and enables meas
urements with adaptor to be direct-reading by compensating
for terminal capacitance.
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x12.75xlO.5 in. (483x324x267 mm); rack, 19x
12.25x8.5 in. (483x311x217 mm); 1615-P1 (dia x In): 3.06x
4.87 in. (78x124 mm). WEIGHT: 39 Ib (18 kg) net, 58 Ib
(27 kg) shipping.

Standards: 1000, 100, 10, 1, 0.1, 0.01, 0.001, 0.0001 pF.
Temperature coefficient of capacitance is less than 5 ppm! °C
for the 1000-, 100-, and lO-pF standards, slightly greater for
the smaller units.
Frequency: Approx 50 Hz to 10 kHz. Useful with reduced ac
curacy to 100 kHz. Below 100 Hz, resolution better than
0.01 % or 0.01 pF requires preamplifier or special detector.
Generator: GR 131O-A or 1311-A oscillator recommended.
Max safe generator voltage (30 x f.H,) volts, 300 V max. If gen-

EXT
STANDARD

o 46ecodn

0.0001 ,I

0.001

0.1

I UNKNOWNr- --'

~X

Elementary schematic diagram.

Description

1615-A Capacitance Bridge
Bench Model
Rack Model

1615-P1 Range-Extension Capacitor
1615-P2 Coaxial Adaptor, GR900 to binding posts

Catalog
Number

1615·9801
1615-9811
1615-9601
1615·9602
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1232-A Tuned Amplifier and Null Detector
• 20 Hz to 20 kHz, 50 and 100 kHz

• 0.1-/LV sensitivity

• bandwidth approx 5%

• 120-dB gain
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Performance. Upper: Specified sensitivity as input level for
full scale indication, max gain, tuned. Lower: Typical noise
level in terms of equivalent current and voltage sources.

A sensitive null detector like this is the key to many a
fussy bridge measurement. Battery operation frees the
1232 from power-line noise and makes it ultra portable.
Low-noise solid-state circuitry and high gain make it very
sensitive. Its tunability and choice of bandwidth enable
you to reject broadband noise as well as the harmonics
that might otherwise impair good measurements. Here
are its prime uses:

• bridge detector at audio frequencies; with the 1232
P2 Preamplifier it is equally sensitive for extremely
high-impedance sources

• audio preamplifier and general-purpose, tunable, or
broadband audio amplifier

• a-m detector for 0.5- to 500-MHz carrier frequencies,
when used with an 874-VQ Voltmeter Detector

• sensitive audio wave analyzer for approximate meas
urements

SPECIFICATIONS

Frequency Response: TUNABLE FILTERS: 20 Hz to 20 kHz in
3 ranges; between 2% and 6% bandwidth to 15 kHz; 2nd har
monic at least 34 dB down from peak, 3rd at least 40 dB down;
rejection filter on two highest ranges reduces 60-Hz level to
at least 60 dB below peak response (50-Hz level is down
>50 dB). Dial accuracy is ±3%. FIXED-TUNED FILTERS: 50
kHz, 2nd harmonic is 44 dB down; 100 kHz ... 53 dB down.
FLAT RESPONSE: ±3 dB from 20 Hz to 100 kHz.
Sensitivity: See plot. Typically better than 0.1 /LV over most of
the frequency range.
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1232-A at low frequencies when operating from a source im
pedance above 100 kQ; rack-adaptor sets (see below) convert
1232 alone, or with companion instruments, to 19-in. rack
mount width.
Power: 12 V dc, from 9 mercury (M72) cells in series. Est
battery life 1500 hours. Optionally, a rechargeable battery
(non-mercury) can be supplied on special order.
Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): Bench, 8x6x7.5 in. (203x152x190 mm). WEIGHT:
5.75 Ib (2.6 kg) net, 8 Ib (3.7 kg) shipping.

Noise Level: REFERRED TO INPUT: See plot. Noise figure at 1
kHz is less than 2 dB at an optimum source impedance of 27
kn. REFERRED TO OUTPUT: Less than 5 mV on FLAT filter
frequency position, min gain setting, and -20-dB switch posi
tion; less than 50 mV in MAX SENS position.
Input: IMPEDANCE: Approx 50 ko at max gain; varies inversely
with gain to 1 Mo at min gain. MAX SAFE VOLTAGE: 200 V
ac or 400 V de.
Output: VOLTAG E GAIN: Approx 120 dB on the tunable ranges;
100 dB, flat range; 106 dB at 50 kHz; 100 dB at 100-kHz
position. LEVEL: 1 V into 10 kO when meter indication is full
scale. INTERNAL IMPEDANCE: 3 kn. METER LINEARITY:
dB differences are accurate to ±5% ±0.1 division for inputs of
less than 0.3 V. COMPRESSION (meter switched to LOG):
Reduces fullscale sensitivity by 40 dB. Does not affect bottom
20% of scale. ATTENUATION (meter switched to -20 dB):
Linear response with 20-dB less gain than MAX SENS. .
Distortion (filter switch in FLAT position): <5% (due to meter
rectifiers) .
Terminals: Input, GR874® coaxial connector; output, binding
posts.
Available: 1232-P2 Preamplifier to maintain sensitivity of

Description

1232·A Tuned Amplifier and Null Detector 0
1232·AP Tuned Amplifier and Null

Detector, with preamplifier
Rack.Adaptor Sets

480-P308, for 1232-A alone
480-P316, for 1232-A with 1310 or 1311

oscillator or similar 8-in. wide instru
ment with convertible-bench cabinet

480-P317, for 1232-AP (with preamp)
and companion 8-in. instrument

Replacement Battery, 9 req'd

Catalog
Number

1232·9701

1232·9829

0480-9838

0480-9836

0480-9837
8410-1372

1232-P2 Preamplifier

The 1232-P2 has particular application to measure
ments with the 1615-A Capacitance Bridge. It increases
sensitivity for measurements made at frequencies well
below 1000 Hz if the bridge is set to both its lowest C and
D (not G) ranges simultaneously. Low-frequency meas
urement of small samples of dielectric materials can be
made more accurately with the addition of this preamp
lifier.

1232-P2 Preamplifier installed.

Power: 12 V, 200 /LA, suppied by 1232-A.
Mechanical: Special cabinet. DIMENSIONS (wxhxd): 0.75x
6x7.5 in. (19x152x190 mm). WEIGHT: 0.94 Ib (0.43 kg) net,
4 Ib (1.9 kg) shipping.

SPECIFICATIONS

Voltage Gain: Approx 0.7.
Noise (referred to input): Open-circuit equivalent 0.1 pA:
short-circuit equivalent, 0.3 /LV (when used with Type 1232-A
tuned to 100 Hz).
Impedances: INPUT: >100 mO in parallel with 70 pF. OPTI
MUM SOURCE: 3 MO. OUTPUT: 10 kO.
Connectors: GR874® on cables, input and output.

Description

1232·P2 Preamplifier

Catalog
Number

1232-9602

1240 Bridge Oscillator-Detector

ii·

 .-

®O
o• •

20 Hz to 20 kHz, with additional spot frequencies of 50
kHz to 100 kHz. The assembly is also available with the
1232-P2 Preamplifier included.

SPECIFICATIONS
Power: Null detector, internal battery; oscillator, 105 to 125
or 210 to 250 V, 50 to 400 Hz, 22 W max.
Mechanical: Cabinets bolted together. DIMENSIONS (wxhxd):
19x6x7.75 in. (483x153x197 mm), including panel extensions
for rack mounting. WEIGHT: 13.5 Ib (7 kg) net, 28 Ib (13 kg)
shipping.

The 1232-A Tuned Amplifier and Null Detector and the
1311-A Audio Oscillator have been combined for use with
audio-frequency bridges and other null-balance devices.
This assembly occupies a minimum of bench space and
is supplied with removable panel extensions, which adapt
it for rack mounting.

The oscillator supplies 11 fixed frequencies from 50
Hz to 10 kHz. The detector is tunable continuously from

o Federal stock numbers are listed before the Index.

Description

1240-A Bridge Oscillator-Detector, 115 V
1240·A Bridge Oscillator.Detector, 230 V

1240-AP Bridge Oscillator·Detector,
with preamplifier, 115 V

1240-AP Bridge Oscillator-Detector,
with preamplifier, 230 V

ASA type M72 Replacement battery (for
1232, 9 req'd)

Catalog
Number

1240·9701
1240-9711

1240·9829

1240·9839

8410-1372
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1617-A Capacitance Bridge
• 1 pF to 1.1 farads

• 20 Hz to 1 kHz

• 1% accuracy

• 2-, 3-, or 4-terminal connections

Self-Contained bridge The 1617-A was specifically de
signed for measuring capacitance, dissipation factor, and
leakage current of electrolytic capacitors, but it will also
find considerable us'e as a general-purpose 1% bridge.
It is completely self-contained, including a 120-Hz gen
erator, null detector, dc polarizing-voltage supply, and
metering for bias voltage and leakage current. At fre
quencies other than 120 Hz, use an external oscillator.

Multiterminal connections An unknown capacitor can
be connected to the bridge by means of three- or four
terminal connections, as well as the usual two-terminal.
The four-terminal connection permits accurate measure-

164 MANUAL CAPACITANCE MEASUREMENT

ment of large capacitance by reducing the effect of the
resistance and inductance of leads and connections.
Correct measurements of small capacitances are assured
by the three-terminal connection, which reduces the
effect of stray lead capacitance. A multiterminal configu
ration is necessary for accurate measurement of capaci
tors connected by long cables leading, for instance, from
the bridge on a nearby bench into an environmental test
chamber.

This bridge includes an Orthonull® balance finder,
which speeds up measurements of high-dissipation-factor
capacitors by eliminating troublesome sliding balance.
The operator's safety is enhanced by warning lights indi
cating the presence of voltage on the bridge terminals.

Electrolytics The 1617 Capacitance Bridge is de
signed especially for measuring large-valued capacitors
like those in table, as well as other electrolytic types, most
of which require the special measurement conditions pre
scribed by MIL or EIA specifications:

GENERAL RADIO 1973 CATALOG



Specification
and Accuracy

Capacitor Type Frequency AC Level C Loss DC Polarizing Voltage

MIL e-3965-C 120± 5 Hz Less than 30% 2% R or P.F. e-Sufficient for no reversal of polarity.
MIL e-39006-A of DCWV or 1 V, 2% D--"Polarized Capacitance Bridge" Sum
Tantalum Foil pk, whichever (P.F. of ac and dc shall not exceed oewv
and Sintered is smaller 2% for (Less than 2.2 V for 39006A)
Slug Capacitors (Less than IV -39006A)

rms for 39006A)

MIL C·26655-B 120± 5 Hz Limited to IV, 2% 0,10% e-Max bias 2.2 V.
MILe-39003 rms (2% for D--"Polarized Bridge", 2.2-V dc max.
Solid Tantalum -39003
Capacitors and
MILe-39018 -39018)
Aluminum Oxide
Capacitors

RS228 120 Hz Small enough not ±2¥2% 0,5% Optional
Tantalum Electrolytic to change value
Capacitors

MILC-62 B 120 ± 5 Hz Limited to 30% 0,2% No bias required if ac voltage less than
Polarized Aluminum of DCWV or 4 V, 1 V. However, if bias causes differences,
Capacitors whichever is measurements with bias shall govern.

smaller

RS 154 B 120 Hz Small enough not ±2¥2% R or RC Optional, but if substantial difference oc-
Dry Aluminum to change value curs, rated dc should be used.
Electrolytic Capacitors

RS205 120 Hz Small enough not ±2¥2% 0 Optional
Electrolytic Capacitors to change value
for use in Electronic
Instruments

SPECIFICATIONS

Quantity Frequency Range Accuracy'

Capacitance 120 Hz internal o to 0.11 F ±1% ±1 pF, smallest division 2 pF;
residual ("zero") capacitance approx
4 pF

0.11 F to 1.1 F ±2%

40 Hz to 120 Hz external o to 1.1 F Same as above with suitable generator
(useful down to 20 Hz with
reduced accuracy)

120 Hz to 1 kHz external Oto(lOO)' F
±1% ±1 pF with suitable generator

fH, and precautions

Dissipation Factor 120 Hz internal or 40 Hz to ~ fHz:
±0.001 ±0.01 C ±2% t120 Hz o to 10 120

120 Hz to 1 kHz o to 10 (±0.001 ±0.01 C) ;~~ ±2% t

tAdditional error (due to lead resistance) for 4-terminal measurements: For C <1%, for 0 <0.01, if each lead has <1 n of resistance, except.
on the highest measurement range the corresponding lead resistance is 0.1 n .

• C is expressed in farads.

Power: 105 to 125 V or 210 to 250 V, 18 W. Both 50 and 60
Hz models.

Mechanical: Flip-Tilt case and rack mount. DIMENSIONS
(wxhxd): Portable, 16.25x15x9 in. (413x381x229 mm); rack,
19x14x6.13 in. (483x356x155 mm). WEIGHT: Portable: 26
Ib (12 kg) net, 34 Ib (16 kg) shipping; rack, 28 Ib (13 kg)
net, 43 Ib (20 kg) shipping.

Frequency: INTERNAL TEST SIGNAL: 120 Hz (synchronized
to power line) for 60-Hz model; 100 Hz for 50-Hz model.
Phase reversible. Amplitude selected by switch to be 0.2,
0.5, or 2 V max. EXTERNAL TEST SIGNAL: 20 Hz to 1 kHz.
(See table for C range.)

Dc Bias Voltage: Internal power supply and meter: 0 to 600 V
in 6 ranges. Meter accuracy: ±3% of full scale. External
bias limit: 800 V max.

Bias Current (from internal source): = 15 mA max. METER:
Range, 0 to 20 mA in 6 ranges; resolution, 0.5 p.A (first range);
accuracy, ±3% of full scale.

Required, for measurements at frequencies other than twice
the line: An oscillator such as the 1311 for spot frequencies
or the 1310 for continuous coverage.

Supplied: 4-lead and shielded 2-lead cable assemblies.

Description

1617 Capacitance Bridge
Portable Model (115 V, 60 Hz)
Portable Model (230 V, 60 Hz)
Portable Model (115 V, 50 Hz)
Portable Model (230 V, 50 Hz)
Rack Model (115 V, 60 Hz)
Rack Model (230 V, 60 Hz)
Rack Model (115 V, 50 Hz)
Rack Model (230 v, 50 Hz)

Patent Number 2,872,639.

Catalog
Number

1617-9701
1617-9286
1617·9206
1617·9266
1617-9820
1617·9296
1617-9216
1617·9276
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1690-A Dielectric Sample Holder

* L. Hartshorn and W. H. Ward, Proceedings of the Institution of Elec
trical Engineers, Vol. 79, pp. 597-609 (1936).

• micrometer-electrode-type for dielectric disks

• wide frequency range; fits many instruments

• calibration corrects for fringing and strays

• stable mounting, complete shielding

A preCISion micrometer screw, M, with large instru
ment knob, K, drives the movable grounded electrode, L,
with respect to a fixed, insulated electrode, H. An accu
rately divided drum, 0, indicates the electrode spacing.
The micrometer screw is electrically shunted by a metal
bellows, S, to assure a positive, low-resistance connec-

1690-9101

Catalog
Number

tion. A release mechanism automatically disengages the
drive to prevent damage when the electrodes are in con
tact. The movable electrode adjusts itself to the plane
of the specimen surface.

The vernier capacitor with micrometer screw, Y, is for
use in the susceptance-variation method of measurement,
and for precise C balance with low-loss samples.

The assembly is mounted in a rugged aluminum cast
ing, B, which shields it on four sides. Two removable
cover plates, which permit access to the electrodes, com
plete the shielding. The holder can be mounted on either
horizontal or vertical panels.

SPECIFICATIONS
Electrodes: Diameter, 2.000 in. ±0.0025 in. Surfaces ground
optically flat within a few wavelengths.
Electrode Spacing: Adjustable from zero to 0.3 in., indicated
by micrometer reading in mils.
Vernier: Incremental capacitance is 5 pF, nominal.
Calibration: For main capacitor, a chart gives calculated air
capacitance as a function of spacing. Correction curve gives
the measured deviations from calculated values over range
from 0.300 to 0.010 in. (300 to 10 mils). In accordance with
recommended ASTM practice, calibration is referred to the
calculated geometric value at a spacing of 100 mils. Accuracy
is ±0.02% ±0.1 milli-inch.

For vernier capacitor, correction chart is provided, from
which capacitance differences can be determined to an ac
curacy of ±0.004 pF.
Zero Capacitance: Approx 11 pF.
Operating Temperature: Up to 100°C.
Frequency: No significant error occurs at frequencies below
100 MHz.
Supplied: 1690-P1 Adaptor Assembly for mounting to 1615-A
and 716-C Capacitance Bridges; hardware for mounting sam
ple holder on 1644-A Bridge and 1862-C Megohmmeter.
Available: 900-Q874 ADAPTOR to 900-LB Precision Slotted
Line.
Mechanical: Carrying and storage case supplied. DIMEN
SIONS (wxhxd): 6.25x5.75x4.5 in. (l59x146x1l4 mm).
WEIGHT: 3.75 Ib (1.7 kg) net, l3lb (6 kg) shipping.

Description

1690-A Dielectric Sample Holder

PLUGS FM
VERTICAL

PANEL
CONNECTlON

l (GROUNDED
ELECTRODE)

M(MICROMETER SCREW)

SPRING

o
CALIBRATED

DRUM

The 1690-A is a sample-holder of the Hartshorn and
Ward type, * used for the measurement of dielectric con
stant, dissipation factor, and volume resistivity of 2-inch
diameter (or smaller) disks of dielectric material, in
accordance with ASTM test method 0-150. It is suitable
for any flat sample whose largest diameter is not over
2 inches and whose thickness is not over 0.3 inch.

The holder can be used with resonant circuits for sus
ceptance-variation or frequency-variation measurements
and with capacitance bridges, slotted lines, megohm
meters, etc.
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1413 Precision Decade Capacitor
• 0 to >1 p,F

• 0.05% basic accuracy

• 6-digit resolution

• 3-terminal connections

• provision for BCD output

The 1413 is not only a precision standard, it is a sys
tems component as well - connections are made at the
rear and each decade provides contact closures for 1-2
4-8 BCD output. It is an excellent companion to the 1654
Impedance Comparator, with which it is combined in
i654-Z Sorting Systems.

Six precision decades are employed to provide a range
of 0 to 1.11111 p.F in increments as small as 1 pF and
with an accuracy of 0.05% + 0.5 pF. Air capacitors are
used for the two lower decades and precision silvered
mica capacitors are used for the remainder. The lower
four decades contain adjustments that are factory set but
accessible for readjustment later if desired.

The shielding is divided into two parts, arranged to pro
vide low terminal-to-guard capacitances and low detector
input capacitance in order to reduce errors with the 1654.
When the two shields are connected together, the 1413
becomes a well-shielded three-terminal capacitor with an
extremely low zero capacitance, suitable for a variety of
applications.

SPECIFICATIONS

Range: 0 to 1.11111 p.F, controlled by six in-line-readout dials.
Accuracy: :!:(0.05% + 0.5 pF) at 1 kHz.
Stability: :!:{O.Ol % + 0.1 pF) per year. TEMPERATURE CO
EFFICIENT: "" 20 ppm! °C from 10 to 50°C.
Zero Capacitance: ';;0.1 pF.
Voltage Rating: 500 V pk max up to 10 kHz.
Frequency: See curves. 100 HI IIIi'll 10 Ill'll 100 11Hz 1Mi'll

FR£QUENCY

1413·9700
1413-9701
0480·9703

Catalog
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I
A ,fl/

::::,

*
I,'

~ I,,' #L-j 0' "J "
'"",

~Oo

"'"~;'--
. ~~

-++ T,'''CAL 10rAl<fS, "'i '.Eouf"",Y

I
~ 0."

~

~ 0.000
:
~
5

0.0000
10 H.r 100 Hz I Uti 10 kHt tOOutz I MtQ

_NeY

0.0

Mechanical: Convertible-bench cabinet. DIMENSIONS (wx
hxd): Bench, 17x5.59x11.96 in. (432x142x304 mm); rack,
19x5.22xlO.9 in. (483x133x277 mm). WEIGHT: Bench, 23
Ib (11 kg) net, 29 Ib (14 kg) shipping; rack, 24 Ib (11 kg) net,
30 Ib (14 kg) shipping.

1413 Precision Decade Capacitor
Bench Model
Rack Model

Rack·Adaptor Set

Description

1 pF to 101 pF to 1001 pF to 2001 pF to 0.1 !iF to
100 pF 1000 pF 2000 pF 0.1 !iF 1.11111 !iF

Dissipation
Factor, max

at 1 kHz 0.002 0.001 0.0005 0.0003 0.0004
Insulation
Resistance,

3 term.,
after 2 min
at 500 V dc ;;'5 X 1010 n ;;'5 x 10' n

Terminal Capa·
citance, max

high to case 4 pF 8 pF 10 pF 30 pF 60 pF
high to guard 85 pF 110 pF 125 pF 165 pF 200 pF
low to guard 45 pF 70 pF 80 pF 110 pF 120 pF

Interface: CONNECTIONS: 2 rear-mounted GR874® locking
connectors. DATA OUTPUT: 36-pin Amphenol Type 57 con
nector provides connections to 1-2-4-8 weighted BCD contacts
rated at 28 V, 1 A, on each decade switch.
Available: 0480-9703 RACK-ADAPTOR SET to convert bench
models to rack models, 874-02 ADAPTOR to convert GR874
connector to binding posts (2 req'd), 938-L SHORTING LINK
to connect shields together when 874-02 Adaptors are used,
4220-3036 CONNECTOR to mate with Data Output Connector.

GENERAL RADIO 1973 CATALOG CAPACITANCE DECADES AND STANDARDS 167



1423-A Precision Decade Capacitor
• 100 pF to> 1 f1F

• ±0.05% accuracy

• two- or three-terminal connection

values are known to an accuracy typically ±0.01%, determined
and maintained in terms of reference standards periodically
calibrated by the National Bureau of Standards.
Frequency: See curves for typical variation of capacitance and
dissipation factor with frequency.

O.I,--,---,--,--,-r-T"""T1

10,--,--,--,----:rrr-7T"r-.

1423·9801
1423-9811

Catalog
Number

1.0'1--+--+--+:-1--Ir1-fl--+---1
""~Iu

0.1 ~~~~:"':::A-+--A--7-

(Top) Change in ca
pacitance as a func
tion of frequency.
These changes are
referred to the values
that the capacitors
would have if there
were neither interfa
cial polarization nor
series inductance.
The I-kHz value on
the plot should be <r

used as a basis of e~_
reference in estimat- :: 0.011--t--t--t---rt
ing frequency errors.
(Bottom) Dissipation
factor as a function
of frequency.

1423·A Precision Decade Capacitor
Bench Model 0
Rack Model

Description

Dissipation Factor: Not greater than 0.001, 0.0005, and
0.0003 for capacitances of 100 to 1000 pF, 1100 to 2000 pF,
and 2100 pF to 1.1110 ,uF, respectively.
Temperature Coefficient of Capacitance: Approx +20 ppm per
degree between 100 and 50°C.
Insulation Resistance: >5 x 10 '0 11 to 0.1 ,uF and >5 x 10' 11
from 0.1 ,uF to 1.111 ,uFo
Maximum Voltage: 500 V peak, up to 10 kHz.
Supplied: Two Type 777-03 Adaptors.
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x7.25x10.5 in. (483x184x267 mm); rack, 19x7x8.5
in. (483x178x216 mm). WEIGHT: 26 Ib (12 kg) net, 39 Ib
(18 kg) shipping.

SPECIFICATIONS
Nominal Values: 100 pF to 1.111 ,uF in steps of 100 pF.
Accuracy: ±(0.05% + 0.05pF) at 1 kHz, calibrated in the three
terminal connection. Two-terminal connection (capacitor in
serted into Type 777-03 Adaptor) adds about 1.3 pF.
Stability: ±(0.01% + 0.05pF) per year.
Certificate: A certificate is supplied certifying that each com
ponent capacitor was adjusted by comparison, to a precision
better than ±0.01%, with working standards whose absolute

This capacitor is a versatile tool for calibration labora
tories and production-line testing. With it a bridge can be
standardized to an accuracy exceeded only by that of the
highest quality, individually certified laboratory standards
such as the GR 1404 Reference Standard Capacitors.
Used with a limit bridge, such as the GR 1654 Imped
ance Comparator, the 1423 facilities fast and accurate
production-line measurements of arbitrary capacitance
values with minimum setup time.

Any value of capacitance from 100 pF to 1.111 fLF, in
steps of 100 pF, can be set on the four decades and will
be known to an accuracy of 0.05%. The terminal capaci
tance values are set precisely to the nominal value and
can be readjusted later at calibration intervals, if neces
sary, without disturbance of the main capacitors.

The 1423 consists of four decades of high-quality sil
vered-mica capacitors similar to those used in the GR
1409 Standard Capacitors. The capacitors and associated
switches are mounted in an insulated metal compart
ment, which in turn is mounted in a complete metal cabi
net. This double-shielded construction ensures that ca
pacitance at the terminals is the same for either the
three-terminal or the two-terminal method of connection
(except for a constant difference of about one picofarad).
This external capacitance can be included in the two
terminal calibration by the adjustment of a single trimmer.

o Federal stock numbers are listed before the Index.
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1419 Decade Capacitors
.100pFt01.1jLF

• choice of models

• two- or three-terminal connection

Type 1419 Decade Capacitors are offered in three
models using two different dielectric materials to satisfy
a variety of needs.

Types 1419·A and ·8 (Polystyrene) Capacitance and
dissipation factor constant with frequency, essentially
noninductive, very low dielectric absorption. The di-

SPECIFICATIONS

electric is specially prepared of purified high~molecular

weight polystyrene, having very high resistance and free
dom from interfacial polarization. Moisture sealing with
Teflon* feed-through insulators assures high perform
ance under adverse humidity conditions.

Type 1419·K (Silvered Mica) Higher accuracy, low
dissipation factor, and +35 ±lO ppm/oC temperature
coefficient (l0-50°C) for use in higher ambient tem
peratures.

* Registered trademark of E. I. duPont de Nemours and Company.

Type Number 1419-A 1> 1419·8 1> 1419-K 1>

Dielectric Polystyrene Polystyrene Silvered Mica

Maximum Capacitance of Box (I4F) 1.110 1.1110 1.110
In Steps of (I4F) 0,001 0.0001 0.001
Dials 3 4 3
Zero Capacitance, typical

2-terminal connection 37 pF 50 pF 41 pF
3-terminal connection 15 pF 20 pF 13 pF

Accuracy'
2-terminal connection' ±1% ±(l% + 2 pF) ±0.5% I

3-terminal connection ±1% except ±1.5% +1% or ±0.5% except ±1%
Ion smallest decade -(2% + 4 pF) on smallest decade

Dissipation Factor at 1 kHz <0,0002 <0.0003
Insulation Resistance at 100 V, 25·C >10 12 0 >5 x 109 050% RH, typical I

Max Voltage' (dc or peak) 500 V up to 35 kHz 500 V up to 10 kHz
Max Operating Tempe~ature (C) 65· 75·
Voltage Recovery' <0.1% <3%

Resonant Frequencies (typical)
1 I4F-400 kHz; 0.1 I4F-1MHz; 0.01 I4F-2.7 MHz;

0.OOlI4F-7.8 MHz; 0.0001I4F-23 MHz
Dc Cap/1-kHz Cap <1.001 Typically 1.03
Cabinet: Lab-bench

Over-all Dimensions- in, (mm) 13 x 4.31 x 5 II 16.3 x 4.31 x 5 14.13 x 5.5 x 6
(330 x 110 x 127) (415 x 110 x 127) (359 x 140 x 153)

Net Weight - Ib (kg) 8.38 (3,8) II 10.5 (4.8) 11.25 (5.5)
Shipping Weight - Ib (kg)

~ 10 (4.6) i! 11 (5) II 18 (8.5)

ICatalog Number 1419-9701 1419.9702 1419-9711

I Capacitance increments from zero position are within this percentage of the indicated value for any selling at I kHz.
, Units are checked with switch mechanism high, electrically, and the common lead and case grounded.
'At frequencies above the indicated max, the allowable voltage decreases and is (approx) inversely proportional to frequency. These limits corre

spond to a tern', ··;·..~ure of.40·C at max setting of each decade in box.
• Final % of so ,ng voltage V measured after holding terminal voltage at V for 1 h, then discharging for 10 s through a resistance of V ohms.

1> Federal stock numbers are listed before the index.
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1424 Decade Capacitor
• Polystyrene stability

• Paper economy

Type 1424-A.

Type 1424-A Polystyrene capacitors, combined in 10
I-JLF units, are housed in two hermetically sealed, non
ferrous metal cases with Teflon*-insulated high termi
nals, the cases being the common (LOW) terminal. The
aluminum outer cabinet and panel are insulated from
both capacitor terminals, so that either two- or three
terminal connections can be used.

SPECIFICATIONS
Accuracy: Refer to the table.
Certificate: 1424-A: A certificate is supplied giving measured
values obtained by comparison, to a precision better than
±O.Ol %, with working standards whose absolute values are
known to an accuracy better than ±O.05%, determined and
maintained in terms of reference standards periodically meas
ured by the National Bureau of Standards. 1424-M: A certifi-

Type

Total Capacitance

Capacitance per Step

Dielectric

Adjustment Accuracy at 1 kHz

. Stability

Dissipation Factor at 1 kHz

Insulation Resistance

Voltage Recovery*

Temp Coefficient of Capacitance
(typical) ppm/"C

Max Operating Temperature "C

Max Safe Voltage

Dimensions
Width, height, depth; inches (mm)

Net Weightlb (kg)

Shipping Weightlb (kg)

Catalog Number

* Dielectric absorption.

o Federal stock numbers are listed before the Index.
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Residual series inductance and resistance have been
minimized by the use of current-sheet conductors, ribbon
leads, and multiple switch contacts.

k Registered trademark of
E. I. duPont de Nemours and Company.

cate is supplied, certifying the accuracy of adjustment in
terms of reference standards, periodically measured by the
National Bureau of Standards.

Frequency Characteristics: Calibration and adjustment are
made at 1 kHz. Plots of typical change in capacitance and
dissipation factor with frequency are given in the calibration
certificate.

1424-A 0

10 J!F

Polystyrene

±0.25%

±0.05%/year

<0.0003

>106 nF

<0.1%

-140

65

500 V, peak, below 10 kHz

9.5,7.75,8 (242, 197,204)

16.5 (7.5)

19 (9)

1424-9701
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1412-BC Decade Capacitor
• 50 pF to >1 JLF

• better than 1-pF resolution

• accuracy ±(0.5% + 5 pF)

• low loss, leakage, dielectric absorption

The wide capacitance range and high resolution of this
decade capacitance box make it exceptionally useful in
both laboratory and test shop. Owing to its fine adjust
ment of capacitance, it is a convenient variable capacitor
to use with the 1654 Impedance Comparator. The poly-

styrene dielectric used in the decade steps is necessary
for applications requiring low dielectric absorption and
constancy of both capacitance and dissipation factor with
frequency.

Four decades of polystyrene capacitors and a variable
air capacitor are used, mounted in a double-shield box.
The double shielding provides 2-terminal and 3-terminal
capacitances that are the same except for the capaci
tance between the terminals. The variable air capacitor
with a linear t-C of 100 pF and a resolution of better than
1 pF provides continuous adjustment between the 100
pF steps of the smallest decade.

SPECIFICATIONS
Capacitance: 50 pF to 1.11115 ~F in steps of 100 pF with a
0- to 100-pF variable air capacitor providing continuous ad
justment with divisions of 1 pF. Capacitances for 2- and 3
terminal connections differ by about 1 pF (CHG in the drawing).
CLG is approx 125 pF.
Min Capacitance: 50 pF with all controls set at zero.
Dielectric: Polystyrene for decade steps.
Accuracy: ±(0.5% + 5 pF) at 1 kHz for total capacitance in
cluding 50-pF minimum for the 3-terminal connection.
Temperature Coefficient: -140 ppm/ °C (nominal).

The double shielding used in
the 1412-BC Decade Capaci
tor keeps CHG very small.
This capacitance is·the dif
ference between the 3-termi·
nal and 2-terminal capaci
ta nce of the box: CLG is
approx 125 pF.

INNER 1I/1""'------.-J
BOX"""

CASE

Frequency Characteristics: Dc Cap/I-kHz Cap <1.001. At
higher frequencies the increase is approx !!.C/ C = (f / f,)'. The
resonant frequency, f" varies from over 400 kHz for a capaci
tance of 1 ILF to about 27 MHz for a capacitance of 150 pF
when connections are made to the front terminals. f, is about
300 kHz and 70 MHz for rear connections and the same
capacitances.
Max Operating Temperature: 65°C.
Dielectric Absorption (Voltage Recovery): 0.1% max.
Dissipation Factor: 150 to 1000 pF, 0.001, max, at 1 kHz;
over 1000 pF, 0.0002, max, at 1 kHz.
Insulation Resistance: 10 '2 ohms, min.
Max Voltage: 500 V peak, up to 35 kHz.
Terminals: Four 938 Binding Posts with grounding link are
provided on the panel. Two of the binding posts are connected
to the case and located for convenient use with patch cords in
3-terminal applications. Access is also provided to rear termi
nals for relay-rack applications.
Mechanical: Lab-bench cabinet; brackets provided for rack
mounting. DIMENSIONS (wxhxd): 17.25x3.5x6 in. (439x89x
153 mm). WEIGHT: 8.5 Ib (3.9 kg) net, 10 Ib (4.6 kg)
shipping.

Description

1412-BC Decade Capacitor

Catalog
Number

1412-9410
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1422 Precision Capacitors
• variable air capacitors

• stability: better than 0.02% full scale per year

• seUable to 40 ppm

• low temperature coefficient, low losses

• wide selection to suit needs

The 1422 is a stable and precise variable air capacitor
intended for use as a continuously adjustable standard of
capacitance.

One of the most important applications is in ac bridge
measurements, either as a built-in standard or as an ex
ternal standard for substitution measurements. It is avail
able in a variety of ranges, terminal configurations, and
scale arrangements to permit selection of precisely the
required characteristics.

Two-Terminal The 1422-0 is a dual-range, two-termi
nal capacitor, direct reading in total capacitance at the
terminals. For convenience in making substitution meas
urements, two 1422's have scales reading in capacitance
removed, i.e., the capacitance is maximum at the zero
reading. These, the 1422-MO and 1422-ME, are also
dual-range, two-terminal capacitors.

Three-terminal The 1422-CB, -CL, and -CO are three
terminal capacitors with shielded coaxial terminals for
use in three-terminal measurements. The calibrated di
rect capacitance is independent of terminal capacitances
to ground, and losses are very low. The 1422-CL has par
ticularly low, constant terminal capacitances, making it
suitable for measurement circuits in which high ca
pacitance to guard cannot be tolerated.

Construction The capacitor assembly is mounted in a
cast frame for rigidity. This frame and other critical parts
are made of aluminum alloys selected to give the strength
of brass with the lightness of aluminum. The plates of
most models are also aluminum, so that all parts have the
same temperature coefficient of linear expansion.

A worm drive is used to obtain high precision of setting.
To avoid eccentricity, the shaft and the worm are accu
rately machined as one piece. The worm and worm
wheel are also lapped into each other to improve smooth
ness. The dial end of the worm shaft runs in a self-align-
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ing ball bearing, while the other end is supported by an
adjustable spring mounting, which gives positive longi
tudinal anchoring to the worm shaft through the use of a
pair of sealed, self-lubricating, preloaded ball bearings.
Similar pairs of preloaded ball bearings provide positive
and invariant axial location for the main or rotor shaft.
Electrical connection to the rotor is made by means of a
silver-alloy brush bearing on a silver-overlay drum to as
sure a low-noise electrical contact.

Stator insulation in all models is a cross-linked thermo
setting modified polystyrene having low dielectric losses
and very high insulation resistance. Rotor insulation,
where used (Types 1422-CB and -CL), is grade L-4 ste
atite, silicone treated.

Accuracy The errors tabulated in the specifications
are possible errors, i.e., the sum of error contributions
from setting, adjustment, calibration, interpolation, and
standards. When the capacitor is in its normal position
with the panel horizontal, the actual errors are almost
always smaller. The accuracy is improved when the read
ings are corrected using the 12 calibrated values of
capacitance given on the correction chart on the capaci
tor panel and interpolating linearly between calibrated
points. Even better accuracy can be obtained from a pre
cision calibration of approximately 100 points on the ca
pacitor dial, which permits correction for slight residual
eccentricities of the worm drive and requires interpola
tion over only short intervals. This precision calibration
is available for all models at an extra charge. Models so
calibrated are listed with the additional suffix letter, P, in
the type number. A plastic-enclosed certificate of cali
bration is supplied, giving corrections to one more figure
than the tabulated accuracy.

SPECIFICATIONS

Accuracy: See table.
Stability: Capacitance change with time <1 scale division
(0.02% of full scale) per year. Long-term accuracy can be
estimated from the stability and the initial accuracy.
Calibration: Measured values (supplied) are obtained by com
parison at 1 kHz, with working standards whose absolute
values are known to an accuracy of ±(0.01% + 0.0001 pF).
Each comparison is made to a precision better than ±0.01%.
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Two-Terminal

Reads Capacitance
Removed Three-Terminal

Type 1422 -0 -MO -ME -CB ·CL -CO

CAPACITANCE T Min 100 35 a a a a 50 10 0.5 0.05
RANGE, pF I Max 1150 115 1050 105 105 10.5 1100 110 11 1.1

SCALE, pF/ Division: 0.2 0.02 0.2 0.02 0.02 0.002 0.2 0.02 0.002 0.0002

INITIAL ACCURACY: ± Picofarads
Direct-Reading (Adjustment):

Total Capacitance 0.6* 0.1* Differences from Zero 0.6 0.1 0.04 0.008

Capacitance Difference 1.2 0.2 1 0.2 0.2 0.05 1.2 0.2 0.08 0.016

With Corrections from Calib,-ation
Chart (supplied):

Total Capacitance 0.3* 0.04* 0.3 0.04 0.01 0.002

Capacitance Differencet 0.6 0.08 0.6 0.08 0.08 0.02 0.6 0.08 0.02 0.004

With Corrections from Precision
Calibration (extra charge):

Total Capacitance 0.1* 0.01* 0.1 0.01 0.001 0.0002

Capacitance Differencet 0.2 0.02 0.2 0.02 0.02 0.004 0.2 0.02 0.002 0.0004

RESIDUALS (typical values):
Series Inductance, ILH 0.06 0.10 0.06 0.10 0.06 0.10 0.14 0.13 0.17 0.17

Series Resistance, ohms at 1 MHz 0.04 0.05 0.04 0.05 0.04 0.05 0.1 0.1

min scale 36 34 98 25
high' terminal to case

max scale 35 33 74 23
Terminal Capacitance, pF, typical:

min scale 58 58 117 115
low terminal to case

max scale 53 55 92 93

Capacitance at Zero Scale Setling, pF, typical: 1140 135 145 35

* Total capacitance is the capacitance added when the capacitor is plugged into a 777-Q3 Adaptor.
t Divide error oy 2 when one setting is made at a calibrated point.

Variation with frequency of effective capacitance and dissipation factor
per pF of capacitance for two-terminal 1422 Precision Capacitors.

Mechanical: Lab-bench cabinet. DIMENSIONS (wxhxd): 9.5x
7x8.5 in, (242x178x216 mm). WEIGHT (depending on
model): 10.5 to 12.5 Ib (4.8 to 5.7 kg) net, 15 Ib (7 kg) ship
ping.

-"'"

Catalog
Number

1422-9704
1422·9854
1422-9855
1422·9916
1422-9933
1422·9823

1422-9904
1422·9913
1422·9955
1422-9902
1422-9508
1422-9925

,- ..
fM:OUElfCY

,"',-----.---,----,

_."'",- ..
fREQUOCY

Precision Capacitors

with precision calibration (= 100 points)
1422-0P
1422-MOP
1422-MEP
1422-CBP
1422-CLP
1422-COP

with standard calibration (12 points)

1422-0 ~

1422-MO
1422-ME ~

1422-CB ~

1422-CL
1422-CO ~.

Description

I John F. Hersh, "A Close Look at Connection Errors in Capacitance
Measurements," General Radio Experimenter, July 1959.

The values of the working standards are determined and main
tained in terms of reference standards periodically calibrated
by the National Bureau of Standards.

The indicated value of total capacitance of a two-terminal
capacitor is the capacitance added when the 1422 Capacitor
is plugged into a 777-Q3 Adaptor. The uncertainty of this
method of connection is approx±0.03 pF.'
Resolution: Dial can be read and set to 1/5 of a small division,
Le., to 0.004% of full scale. BACKLASH: Negligible for any
setting reached consistently from lower scale readings;
<0.004% of f s, for settings reached from alternate directions.
Temperature Coefficient: Approx +20 ppml °c, for small tem
perature changes.
Residual Parameters: See table. Series resistance varies as
vr. for f >100 kHz; negligible, for f <100 kHz.
Frequency Characteristic: 2-terminal models, see curves. 3
terminal models: 20, 40, and 60 MHz (approx) resonant fre
quency for 142.2-CB, -CL, and -CD (each section), respectively.
Dissipation Factor: 2-terminal, loss primarily in stator sup
ports of low-loss polystyrene (the product DC = 10-14

). 3
terminal, estimated D < 20 x 10-----; except, for 1422-CD,
< 10 x 10-----. INSULATION RESISTANCE: > 1012 .0., under
standard conditions (23°C, RH < 50%).
Max Voltage: 1000 V pk (all models).
Terminals: 2-TERMINAL MODELS: Jack-top binding posts at
standard (O.75-in.) spacing. Rotor terminal connected to
panel and shield. 3-TERMINAL MODELS: Locking GR874®
coaxial connectors.
Required: For 3-terminal models, two GR874 Patch Cords, or
equivalent.
Available: For 2-terminal models, 777-Q3 Adaptor. (See
"Calibration," above.)

~ Federal stock numbers are listed before the Index.
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New Since
Catalog U

1408 standard; for use
with an oil bath.

- 1408 standard, with
temperature-controlled air batn.

1408 Reference Standard Capacitors
• 10 pF, 100 pF

• high stability

• low voltage coefficient

• fused-silica dielectric

Ultra-high stability The continuously improving accu
racy of capacitor calibrations by the National Bureau of
Standards brings a better knowledge of capacitance to
standards laboratories - provided, of course, the,labora
tories have adequate reference standards. The 1408
Reference Standard Capacitors, with their high stability,
are suitable for calibration in parts in 107• The 1616
Precision Capacitance Bridge is highly recommended for
accurate calibration of a wide range of working standards
from such a reference.

More extensively equipped laboratories are offered the
economy of a unit designed for use in a temperature
controlled oil bath. Laboratories that lack a facility can
take advantage of the built-in, temperature-controlled
air bath of a second version. Two capacitance values are
available, 10 pF and 100 pF, and either or both can be
ordered in the air-bath version.

Fused-silica dielectric The active elements of the ca
pacitors are gold, deposited on a substrate of fused silica
- noted for exceptional stability, low loss, and relative
independence of frequency. The plated substrate is
mounted in a brass cell which is then sealed in a stain
less-steel case containing dry nitrogen.

Air-Bath Version This unit includes one or two stan
dards, as desired, plus a self-contained air bath whose
temperature is held constant to within 0.01 °C per year to
assure the utmost stability of the standards. Since it
carries its own environment, it is well adapted for use in
laboratories without an oil bath or closely-controlled am
bient temperature or in portable laboratories and calibra
tion centers. The air bath operates from 12 volts so that
it is an easy matter to transport it under power at all times.
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Oil-Bath Version This unit is for laboratories that want
to use the standard in a temperature-controlled oil bath.
Two values are available, 10 pF and 100 pF, and each
offers the same high precision and stability.
- See GR Experimenter for Octoberl December 1970.

SPECIFICATIONS

Nominal Values: 10 pF and 100 pF.
Calibration: A certificate of calibration is supplied with each
capacitor, giving the measured direct capacitance at 1 kHz and
at a specified temperature near 25°C for an oil-bath capacitor
or near 30°C for an air-bath capacitor. The measured value is
obtained by comparison to a precision better than 0.1 ppm
with standards whose vailles are determined and maintained
by periodic calibrations made by the National Bureau of Stan
dards. The limit of uncertainty of these calibrations is
±0.5 ppm.

Adjustment Accuracy: ±100 ppm.
Stability: Estimated to be better than 0.3 ppm/yr.
Environment: TEMPERATURE COEFFICIENT, 12 ppm ± 2
ppm! cC. TEMPERATURE CYCLING, from U to 60°C, <1 ppm
hysteresis at 30°C.

Air-Bath Characteristics: TEMPERATURE, 30°C nominal with
stability of O.OPC/ year, <0.005°C/ hour if ambient tempera
ture is kept within 1°C. TEMPERATURE COEFFICIENT, 0
± 0.05 ppm/ °C from 17 to 29°C ambient temperature. Ther
mometer well provided for calibration.
Electrical: DISSIPATION FACTOR, <10-5 at
1 kHz. VOLTAGE, 500 V max. RESIDUAL
IMPEDANCES,

LH, LL CD CH CL

air 10 pF 0.61,H 10 pF 88 pF 64 pF
100 pF 0.61'H 100 pF 120 pF 56 pF

oil 10 pF 0.2 !,H 10 pF . 55 pF 31 pF
100 pF 0.2 !,H 100 pF 87 pF 23 pF

GENERAL RADIO 1973 CATALOG



1.86 in. (89x283x48 mm). WEIGHT: Air-bath version (single
value), 23 Ib (11 kg) net, 321b (15 kg) shipping; (two values),
25 Ib (12 kg) net, 34 Ib (16 kg) shipping; oil-bath version, 3 Ib
(1.4 kg) net, 7 Ib (3.2 kg) shipping.

Terminals: Two gold-plated GR874® locking connectors, easily
adapted to other common connector types (on air-bath version,
connectors can be moved to rear).
Available: GR874 ADAPTORS, 874-R22LA PATCH CORDS.
General: Fused-silica dielectric; plated substrate is hermeti
cally sealed in a dry-nitrogen-filled stainless-steel case. Con
nections to the air-bath version can be made to the front or the
rear as your application dictates. A 12-volt input is provided
to maintain a constant air-bath temperature even while the
unit is in transit.
Power (Air-bath versi on only): 100 to 120 or 200 to 240 V, 50
to 60 Hz, 5 W; 12 V at 0.4 A for dc operation, battery connec
tors provided on rear.
Mechanical: DIMENSIONS (wxhxd): Air-bath version 8.42x
8.72x16 in. (214x222x407 mm); oil-bath version, 3.5x11.1x

Description

Reference Standard Capacitor, air bath

1408,10 pF
1408, 10/10 pF
1408,100 pF
1408, 100/100 pF
1408, 10/100 pF

Reference Standard Capacitor, oil bath
1408-A, 10 pF
1408-B, 100 pF

Catalog
Number

1408-9700
1408·9702
1408-9703
1408·9705
1408·9706

1408-9701
1408-9704

1'404 Reference Standard Capacitor

These capacitors have been designed as primary refer
ence standards of capacitance with which working stan
dards can be compared. The 1615-A Capacitance Bridge
is particularly well suited for this purpose and can be

• 10,100,1000 pF

• 20 ppm/year stability

• 3-terminal, coaxial connections

• ,hermetically sealed in dry nitrogen

Equivalent circuit showing direct
capacitance, Co, and average values
of residual inductance, L, and ter
minal capacitances, CH and C'- Co
= 1000 pF for 1404-A, 100 pF for
1404-8, and 10 pF for 1404-C.
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conveniently used to calibrate accurately a wide range of
working standards in terms of a 1404 Reference Standard
Capacitor. A single 1000- or 100-picofarad standard is
also the only standard necessary to calibrate the bridge
itself.

In combination with an accurately known external re
sistor, this capacitor becomes a standard of dissipation
factor.

All critical parts of the plate assembly are made of
Invar for stability and low temperature coefficient. After
heat cycling and adjustment, the assembly is mounted in
a heavy brass container, which, after evacuation, is filled
with dry nitrogen under pressure slightly above atmos
pheric and sealed. The container is mounted on an alumi
num panel and protected by an outer aluminum case.
Each capacitor is subjected to a series of temperature
cycles to determine hysteresis and temperature- coeffi
cients and to stabilize the capacitance.

Two locking GR874® coaxial connectors are used as
terminals. The outer shell of one is connected to the
case, but the outer shell of the other is left unconnected
to permit the capacitor to be used with an external resis
tor as a dissipation-factor standard.
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Dissipation Factor: Less than 10-5 at 1 kHz.
Residual Impedances: See equivalent circuit for typical values
of internal series inductances and terminal capacitances.
Max Voltage: 750 V.
Terminals: Two locking GR874 coaxial connectors; easily con
vertible to other types of connectors by attachment of locking
adaptors. Outer shell of one connector is ungrounded to per
mit capacitor to be used with external resistor as a dissipation
factor standard.
Required: For connection to 1615-A Capacitance Bridge, 2
Type 874-R20A or 874-R22LA Patch Cords.
Mechanical: Lab-bench cabinet. DIMENSIONS (wxhxd): 6.75x
6.63x8 in. (172x169x204 mm). WEIGHT: 8.5 Ib (3.9 kg) net,
14 Ib (6.4 kg) shipping.

SPECIFICATIONS
Calibration: A certificate of calibration is supplied with each
capacitor, giving the measured direct capacitance at 1 kHz
and at 23° ±1 °C. The measured value is obtained by a com
parison to a precision better than ±1 ppm with working stan
dards whose absolute values are known to an accuracy of ±5
ppm, determined and maintained in terms of reference stan
dards periodically measured by the National Bureau of Stan
dards.
Adjustment Accuracy: The capacitance is adjusted before cali
bration with an accuracy of ±5 ppm to a capacitance about 5
ppm above the nominal value relative to the capacitance unit
maintained by the General Radio reference standards.
Stability: Long-term drift is less than 20 parts per million per
year. Maximum change with orientation is 10 ppm and is com
pletely reversible.
Temperature Coefficient of Capacitance: 2 ± 2 ppm/oC for
1404-A and -B, 5 ± 2 ppm/oC for 1404-C, from -20°C to
+65°C. A measured value with an accuracy of ±1 ppm/oC is
given on the certificate.

Temperature Cycling: For temperature cycling over range from
-20°C to +65°C, hysteresis (retraceable) is less than 20 ppm
at 23°C.

Description

Reference Standard Capacitor
1404-A, 1000 pF 0
1404·8, 100 pF
1404-C, 10 pF

Catalog
Number

1404-9701
1404-9702

1404·9703

1405 Coaxial Capacitance Standards
absolute values are known to an accuracy typically ±0.02%,
determined and maintained in terms of reference standards
periodically calibrated by the National Bureau of Standards.

Available: ADAPTORS 1615-P2 for calibrating with GR 1615
bridge and 900-09 for connecting standard to %-inch x 28
threaded stud (GR 938 Binding Post) or tapped hole.
Terminal: GR900 precision coaxial connector.
Mechanical: DIMENSIONS (dia x h): 1.06x2.32 in. (27x59
mm). WEIGHT: 40z (103 g) net, 50z (142 g) shipping.

1405-8, 10 pF 1405·E, 1 pF

Accuracy at 23·C ±0.2% (0.02 pF) ±0.5% (0.005 pF)

Calibration Accuracy ±0.04% ±0.2%

Stability vs temperature, -0.004%/·C -O.01%/·C1O-70·C

vs humidity, -- +0.005%/ % RH<90% RH

vs aging <O.l%/yr <0.3%/yr

Frequency 0.1% C increase 40 MHz 120 MHz

10% C increase 0.4 GHz 1.7 GHz

Residuals D at 1 kHz, <150 X 10-<> <100 X 10-<'<50% RH

insulation R >10"!J. at 23·C and <50% RH

equivalent L 1.6 nH at <250 MHz 1.8 nH at <500 MHz

Peak Volts 1 kV 3 kV

Catalog
Number

1405·9703
1405·9700

Coaxial Capacitance Standards

1405-8, 10 pF
1405-E, 1 pF

Description

• 1 and 10 pF

• rf standards

• GR90Q® connectors

Extending the available values of rf capacitance down
ward, the 1405 standards permit impedance-measuring
instruments to be calibrated at even higher frequencies
accurately and with traceability to the National Bureau of
Standards.

Accuracy is stated two ways. The first refers to nominal
capacitance and includes initial adjustment, aging, and
other effects. The second refers to the individual calibra
tion and certificate.

SPECIFICATIONS

Calibration: A certificate of calibration is supplied with each
unit, giving the measured capacitance at 1 kHz and at a speci
fied temperature and relative humidity. The measured capaci
tance is the capacitance at the reference plane of the GR900
connector. This value is obtained by comparison, to a preci
sion better than ±0.002 pF, with working standards whose

o Federal stock numbers are listed before the Index.
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1406 Coaxial Capacitance Standards

10

Typical percent increase in capacitance with frequency of 1406 Coaxial
Capacitance Standards.

• stable to 0.05% per year

• for rf impedance calibrations

• 50 pF through 1000 pF

Catalog
Number

1406-9701
1406-9704
1615-9602
0900-9874

Description

Coaxial Capacitance Standard
1406-A, 1000 pF
1406-0, 100 pF

161S-P2 Coaxial Adaptor, GR900 to 1615 Bridge
900-Q9 Adaptor, GR900 to binding posts

SPECIFICATIONS
Calibration: A certificate of calibration is supplied with each
unit, giving the measured capacitance at 1 kHz and at a speci
fied temperature and relative humidity. The measured capaci
tance is the capacitance at the reference plane of the GR900
connector. This value is obtained by comparison, to a preci
sion better than ±O.O~%, with working standards whose abso
lute values are known to an accuracy typically ±0.01%, de
termined and maintained in terms of reference standards
periodically calibrated by the National Bureau of Standards.

Typical Parameters
Nominal Peak Dissipation Factor
Capacitance Volts 1 kHz (40% RH) I 1 MHz Inductance

1000 pF 700 3 x 1Q-6 150 x 1Q-6 8.6 nH
100 pF 1500 30 x 1Q-6 20 x 1Q-6 7.6 nH

Accuracy: Capacitance adjusted by GR to nominal value
±0.1%. STABILITY: Capacitance change <0.05% per year.
TEMPERATURE COEFFICIENT of capacitance: Typically 10 to
20 ppm! °C, between 20 and 70°C.
Residual Impedances: See table. Dissipation factor varies as
the 3!2 power of frequency above about 100 kHz. Insulation
resistance >1012 n, at 23°C and relative humidity <50%.
Terminal: GR9DD precision coaxial connector.
Available: 1615-P2 Adaptor for convenience in calibrating
with 1615-A Capacitance Bridge. 90D-Q9 Adaptor for con
necting the 1406 to D.25-in. x 28 threaded studs, tapped
holes, or GR 938 Binding Posts spaced D.75 to 1 in. apart.
Mechanical: Cylindrical case. DIMENSIONS (dia x h): 3.D6x
5.25 in. (78x134 mm). WEIGHT: 1.5 Ib (D.7 kg) net, 4 Ib
(1.9 kg) shipping.
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The 1406 Coaxial Capacitance Standards are stable,
low-loss air capacitors with small, stable and known series
inductance. Use them for the accurate, traceable cali
bration of high-frequency bridges and other impedance
measuring instruments.

Instrument calibration The 1406 standards can be
connected directly to instruments, such as the 1616 Pre
cision Capacifance Bridge, equipped with GR900® pre
cision connectors and to others through appropriate adap
tors. Series inductance and resistance have been kept
to a minimum in the 900-09 Adaptor. When other adap
tors are used, these quantities should be known to per
mit correcting for their effects at high frequencies.

These standards can be calibrated at audio frequencies
with the 1616 bridge or with the 1615 Capacitance Bridge
and the 1615-P2 Coaxial Adaptor. Each has an adjust
ment for compensating for terminal capacitance, to per
mit direct-reading measurements.

Repeatable coaxial connection GR900 precision co
axial connectors are used, for stability and repeatable
performance that have been proven in use at frequenci"es
as high as 9 GHz. The use of coaxial. connectors also
meets high-frequency calibration requirements of the
National Bureau of Standards.
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1407 Coaxial
Capacitance
Standard

• stable to 0.01 % per year

• rf standards with GR900® connectors

Dissipation Factor: 50 x 10..... (typical) at 1 kHz and 23°C. Max
values given in table. Measured D at 1 kHz to an accuracy of
±0.00005 and D-vs-frequency curves given in certificate.
Series Inductance: 7 nH, typical.
Insulation Resistance: Minimum of 5000 'Ohm-farads or 100
G.l1, whichever is the lesser, when measured at 500 V dc after
two minutes electrification.
Max Voltage: 500 V pk, up to 10 kHz.
Terminal: GR900 precision coaxial connector.
Mechanical: Cylindrical case. DIMENSIONS (dia x h): 3x4.75
in. (77x121 mm). WEIGHT: 1.25 Ib (0.6 kg) net, 4 Ib (1.9
kg) shipping.

The I-kHz value is used as a reference point in
indicating change in capacitance with frequency.

The 1407 Coaxial Capacitance Standards are fixed
mica capacitors of very high stability with small, stable,
and known series inductance. This, and the use of preci
sion coaxial connectors, enables the 1407 standards to
be used in the calibration of high-frequency bridges and
other impedance-measuring instruments.

SPECIFICATIONS
Calibration: A certificate of calibration is supplied with each
-unit giving the measured capacitance at 1 kHz and at a speci
fied temperature. The measured value is the capacitance at
the reference plane of the GR900 connector. This value is
obtained by comparison to a precision better than ±0.005%
with working standards whose absolute values are known to
an accuracy typically ±0.01%, determined and maintained in
terms of reference standards periodically calibrated by the
National Bureau of Standards.
Stability: The capacitance change is less than 0.01 % per year.
Accuracy: Within ±0.05%, at 1 kHz, of the nominal capaci
tance.
Temperature Coefficient of Capacitance: +20 ±10 ppm! °C,
between 10 and 70°C.

Description

Coaxial Capacitance Standard
1407·A
1407-0
1407·G

Nominal
Capacitance

0.001 JLF
0.01 JLF
0.1' JLF

Max D
at 1 kHz
and 23°C

0.00030
0.0002
0.0002

Catalog
Number

1407·9700
1407-9703
1407·9706

1403 Standard
Air Capacitor

• 1000 pF to 0.001 pF

• calibration accuracy:
±0.02% ±0.01 fF

Dissipation Factor: < 20 x 10-6 max at 1 kHz and 50% or
less relative humidity.
Peak Voltage: 1500 V, except 700 V for 1403-A.
Temperature Coefficient of Direct Capacitance: Typically 20
to 40' ppm per degree between 20° and 70°C. The larger co
efficients apply to the smaller capacitance values.
Terminals: GR874® coaxial connectors, for complete shield
ing of the leads. SPACING: 1.13 in (28.6 mm).
Mechanical: Cylindrical case. DIMENSIONS (dia x h): 3.06x
5.25 in. (77x133 mm). WEIGHT: 1 Ib (0.5 kg) net, 4 Ib
(1.9 kg) shipping.

Nominal Adjustment Catalog
Description Capacitance Accuracy Number

Standard Air Capacitor
1403·A i> 1000 pF 0.1% 1403·9701
1403·0 i> 100 0.1 1403·9704
1403-G i> 10 0.1 1403·9707
1403-K i> 1.0 0.1 1403·9711
1403·N i> 0.1 0.1 1403·9714
1403·R 0.01 0.3 1403·9718
1403-v 0.001 1.0 1403·9722

The 1403 Standard Air Capacitors are stable, three
terminal standards in decimal values from 0.001 to 1000
pF. Their terminals are arranged to plug directly into the
External Standard and Unknown terminals of the 1615
and 1616 capacitance bridges.

SPECIFICATIONS
Calibration: A certificate of calibration is supplied with each
unit giving the measured capacitance at 1 kHz and at a speci
fied temperature. The measured value is the direct capaci
tance' between shielded terminals when the capacitor has at
least one lead completely shielded and its case connected to
a guard point. This value is obtained by comparison, to a pre
cision better than ±(0.01 % + 0.00001 pF), with working
standards whose absolute values are known to an accuracy
typically ±0.01 %, determined and maintained in terms of
reference standards periodically calibrated by the National
Bureau of Standards.
Stability: Capacitance change is less than 0.05% per year.
Residual Impedances: See curve for effect of frequency. Ca
pacitance from either terminal to case is = 30 pF.

i> Federal stock numbers are listed before the Index.
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1409 Standard Capacitors
GR 1409-Y

1409-9706
1409-9712
1409-9720
1409-9725

Catalog
Number

0.001
0.01
0.1
1.0

Nominal
Capacitance

ILF

1409 Standard Capacitor ~

1409-F
1409-L
1409-T
1409-Y

Description

SPECIFICATIONS
Adjustment Accuracy: Within ±0.05% of the nominal capaci
tance value (two-terminal) marked on the case.
Calibration: A certificate of calibration is supplied with each
unit, giving both two- and three-terminal measured capaci
tances at 1 kHz and at a specified temperature. The measured
value is the capacitance added when the standard is plugged
directly into General Radio binding posts. This value is ob
tained by comparison, to a precision better than ±0.01%, with
working standards whose absolute values are known to an ac
curacy typically ±0.01 %, determined and maintained in terms
of reference standards periodically calibrated by the National
Bureau of Standards.
Stability: Capacitance change is less than 0.01 % per year.
Temperature Coefficient of Capacitance: +35 ± 10 ppm per
degree C between 10° and 70°C.
Dissipation Factor: Less than 0.0003 at 1 kHz and 23°C (see
curves). Measured dissipation factor at 1 kHz is stated in the
certificate to an accuracy of ±0.00005.
Series Inductance: Typically 0.050 tLH for 1409-F and -L,
0.055 tLH for -T and -Yo
Series Resistance at 1 MHz: 0.02 ohm, except for 1409-Y,
which is 0.03 ohm.
Frequency Characteristics: See curves. Series resistance var
ies as the square root of the frequency for frequencies above
100 kHz.
Approx Terminal Capacitance: From H terminal to case (G),
12 to 50 pF. From L terminal (outside foils of capacitor) to
case, 300 to 1300 pF.
Leakage Resistance: 5000 ohm-farads or 100 GO, whichever
is the lesser.
Max Voltage: 500 V pk up to 10 kHz.
Mechanical: Sealed case. DIMENSIONS (wxhxd): 1409-Y,
3.25x5.63x2.69 in. (83x143x69 mm); others, 3.25x4x2 in.
(83x102x51 mm). WEIGHT: 1.25 Ib (0.6 kg) net, 4 Ib (1.9
kg) shipping; the 1409-Y is heavier by approx 1 Ib (0.5 kg).

top binding posts are provided on the top of the case and
removable plugs on the bottom, for convenient parallel
connection without error.
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(Above) Change in capacitance as a function of
frequency for typical 1409 Capacitors. The
I-kHz va lue on the plot should be used as a
basis of reference in estimating frequency er
rors. (Below) Dissipation factor as a function of

frequency.
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The 1409 Standard Capacitors are fixed mica capaci
tors of very high stability for use as two- or three-terminal
reference or working standards in the laboratory.

Typical capacitors, observed over more than 15 years,
have shown random fluctuations of less than ±0.01% in
measured capacitance with no evidence of systematic
drift.

These capacitor units consist of a silvered-mica and
foil pile, spring-held in a heavy metal clamping structure
for mechanical stability. The units are selected for low
dissipation factor and are stabilized by heat cycling. They
are housed, with silica gel to provide continuous desicca
tion, in cast aluminum cases, sealed with high-tempera
ture potting wax. A well is provided in the wall of the case
for the insertion of a dial-type thermometer. Three jack-

• 0.001 to 1 p,F

• ±0.01 % /year stability

• calibration accuracy ±0.02%

• two- and three-terminal calibration provided

~ Federal stock numbers are listed before the Index.
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1662 Resistance Limit Bridge
Bridge Multiplier (R,f R,)

0.1 1 10 100

Range of .unknown Ito 10 to 100 to 10 kn to
111 kn 1.11 Mn 11.1 Mn III Mfi

Voltage on Unknown· 0.11 V 0.2V 1.1 V 10.1 V

Voltage on Standard 1.1 V 0.2V 0.11 V 0.101 V

Resistance Resolution 0.01 n 0.1 n In Ion

* Varies wIth deviatIon from nominal; current IS held constant. Power
dissipated in unknown is <12 mW from 1 n to 111 Mn.

Displays: Meter indicates percent deviation. Limit lamps indi
cate High, Go, or Low condition. High and Low limits inde
pendently adjustable from 0 to 100% of deviation range with
a direct accuracy of ±2% of full scale.
Speed: 1 measurement! s using meter indication, 4 meas! s
using limit indications.
Interface: UNKNOWN CONNECTIONS: Cable (supplied), with
banana plugs or alligator clips for 4-terminal connection. Test
fixture (available) with quick-acting scissor 4-terminal con
tacts, best suited to axial-lead resistors. ANALOG OUTPUTS:
Voltage proportional to meter deflection, ± 10 V full scale with
0.003% resolution, is provided at 2 rear-panel sockets. Output
impedances: <10 n (drives 1782 Analog Limit Comparator)
and = 2 kn (drives a DVM, dc recorder, etc.). LIMIT OUT
PUTS (digital): For High, Go, and Low conditions, correspond
ing lines switch from = 13 to = 0.2 V (behind 10 kn). LIMIT
PROGRAMMING: High and low limits programmable with dc
analog drives of 0 to -10 V and 0 to +10 V, respectively, by
sources of < 10 n internal impedance. Rear connector.
Environment: Operating temperature, 10 to 40°C. Zero drift
< 2 ppm! °C from 10 to 40°C.
Supplied: 1662-2400 cable for connection to unknown or ex
ternal-standard resistor, 7- and 9-pin connectors for interface
connections, 5 alligator clips, and power cord.
Available: 1782 Analog Limit Comparator for comparisons to
additional limits, 1662-P1 Test Fixture, for rapid 4-terminal
connection of axial-lead components.
Power: 100 to 125 or 200 to 250 V, 50-60 Hz, 17 W.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19.75x8.69x14.8 in. (502x221x376 mm); rack, 19x
7x14.8 in. (483x178x376 mm). WEIGHT: Bench, 28 Ib (13
kg) net, 36 Ib (16.5 kg) shipping; rack, 22 Ib (10 kg) net, 28
Ib (13 kg) shipping.

• Resistance range from 1 il to 111 Mil

• 0.01 % comparison precision

• GO, NO-GO indications

• up to 4 measurements per second

• deviation range from ±0.01 to ±30%

• four-terminal Kelvin connections

When resistor accuracy or precise resistor matching is
crucial to circuit performance, the 1662 is the instru
ment to use for fast sorting, matching, and measuring.

A precision bridge with 0.01% accurate resistors, the
1662 has a built-in analog comparator and High/Low/Go
indicator lights for production-speed test applications.
The indicating meter and Limit controls are calibrated
directly in percent resistance deviation with full-scale
ranges from ±0.3% to ±30%, permitting the selection
and sorting of a variety of resistor types and qualities.

System Use Four-terminal connections for the un
known resistor permit measurement-at-a-distance; elec
trical outputs include analog of the deviation and high/
low/go decision; both high and low limits are program
mable. With these intrinsic features the 1662 can be
the keystone of your production measuring system.

laboratory Bridge The precise internal standards and
built-in generator and detector make the 1662 an excel
lent and convenient laboratory bridge. Precise balancing
is made especially easy by the indications of the High/
Low lights. A special test fixture facilitates sure, split
second connection of one unknown resistor after another
with true Kelvin connections to maintain the basic ac
curacy of the bridge.
- See GR Experimenter for November-December 1969.

SPECIFICATIONS
Resistance Range: 1 n to 111.1111 Mn, controlled by 4-posi
tion multiplier switch and 7 in-line readout dials with decimal
point.
Resistance Accuracy: ±(O.02% + 2 mn + 0.02% long-term);
long-term factor can be removed by calibration.
Deviation: RANGE: ±0.01 to ±30%, controlled by 5-position
range switch with full-scale ranges of 0.3, 1, 3, 10, and 30%.
ACCURACY: ±3% of full-scale deviation (e.g., on 0.3% range,
meter accuracy is ±0.01%).
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Description

1662 Resistance Limit Bridge
Bench Model
Rack Model

1662·P1 Test Fixture

Catalog
Number

1662·9700
1662·9701
1662·9601
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1666 DC Resistance Bridge INewl

count); conductance ranges, 1 pu to 1.1 u in 7 ranges (l
pu is one count). RECOMMENDED RANGES: Wheatstone,
100 n. to 1 Tn.; Kelvin, 1 }L!I. to 10 kn..
Resolution: Six digits or 1,111,110 counts.
Accuracy (limit or error) DIRECT READING (at 20 to 25°C
and < 75% RH, within 6 months of calibration): For 0.1 to
1.0 full scale, accuracy is ±0.01% ± 10 ppm of full scale; 0.01
to 0.1 full scale, ±0.02% ±5 ppm of full scale; below 0.01
full scale, ±0.1% ±2 ppm 'Of full scale. However, for 0 to
35°C and 85% RH and for 0 to 2SoC and 95% RH, accuracy
is generally 0.1%. TWO-YEAR ACCURACY: Add ±0.01% to
above. COMPARISON ACCURACY: ± [2 + O.OOlx (ppm dif
ference)] ppm of full scale (decade values to 2 ppm where
sensitivity is adequate and difference is small).
Sensitivity (with internal source): RESISTANCE: 2}L!1. at very
low values; 10 ppm at 1 n.; 5 ppm at 10 n.; 1 ppm at 0.1,1,10,
and 100 kn.; 5 ppm at 1 Mn.. CONDUCTANCE: 2 pu at very
low values, 5 ppm at 1 I'U; 1 ppm at 10 and 100 I'U, 1 and
10 mu; 5 ppm at 100 mu; 10 ppm at 1 u. An external source
can be used for even better sensitivity.
Sources: INTERNAL: 6 V (set 'Of 4 D cells), 0.01 W max for
resistance bridge. EXTERNAL: Up to 30 V dc, 0.5 W max.
Detector: SENSITIVITY: Meter deflection = 5 mm/I'V. IN
PUT RESISTANCE: approx 20 kn.. SHORT-CIRCUIT NOISE
(slow position): Approx 0.1 I'V pk-pk. DRIFT: Typically 0.5
I'V/h. RESPONSE (slow/normal/fast, respectively): Low
level time constant, 4/2.5/0.7 s; high-level meter reversal,
1/0.5/0.3 s.
Guard (Wheatstone): No error with;;' 5 Mn. to ground, either
terminal.
lead Error (Kelvin): No error with"';; 0.1 fio in any lead.
Supplied: Set of 4 leads with gold-plated copper alligator clips.
Available: 1440 Standard Resistors, for recalibration.
Power: Battery of 8 D cells (Burgess type 1200 or equivalent),
i.e., 4 for internal bridge source and 4 for detector power.
Mechanical: Flip-Tilt case. DIMENSIONS: (wxhxd): 15x12x8
in. (381x305x203 mm). WEIGHT: 21 Ib (10 kg) net.

• 0.01% accuracy, direct reading

• six-digit resolution

• 2-, 3-, or 4-terminal resistance or conductance

• 1 fLfl to 1 Tfl range (1 pU to 1 MU)

The GR 1666 combines the advantages of the Wheat
stone and Kelvin bridges in a single instrument that will
find application almost anywhere. Whether your require
ment is for high accuracy, extremely-low or very-high re
sistance values, remote measurements, portability, or
precise comparison, the 1666 will excel. It can even
be set up for rapid sorting of resistors to tight tolerances.

Two-terminal, guarded, or Kelvin connections to the
unknown resistor assure that the accuracy inherent in
the 1666 can be realized at the point of measurement
over the entire range of the bridge from 10-- to 10" ohms.
Internal adjustments on all ratio arms and bridge stan
dards allow you to make calibration adjustments con
veniently and rapidly, using a set of 1440 Standard
Resistors.

The 1666 will make, with ease, such diverse measure
ments as winding resistance of transformers, switch-con
tact resistance, diode resistance (forward and reverse),
leakage conductance of materials and devices, and the
key parameters of resistance thermometers, standard
resistors, and decades, by direct and comparison meth
ods. The six lever switches and quick-response detector
permit 0.01% balances to be made in less than 10 sec
onds - part-per-million balances in 20. Resistor sorting
can be carried out even faster through use of the null
meter as a deviation indicator; overload recovery of the
detector is very rapid.

SPECIFICATIONS
Bridge Circuits: Kelvin and guarded Wheatstone in both re
sistance and conductance configurations.
Ranges: TOTAL MEASUREMENT RANGE, 1 }L!I. to 1 Tn.. Re
sistance ranges, 1 Mn. to 1.1 Mn. in 7 ranges (l }L!I. is one

Description

1666 DC Resistance Bridge, portable
Replacement Battery (8 req'd)

Cataiog
Number

1666-9700
8410-0200

GENERAL RADIO 1973 CATALOG MANUAL RESISTANCE MEASUREMENT 181



1644-A Megohm Bridge
SPECIFICATIONS

• At high voltages; 1% accuracy is obtainable at 10 V up to 10" n.
•• Any voltage between 10 and 1000 V may be obtained using an ex
ternal resistor.

Minimum Unknown R kQ

Minimum Test Multiplier Setting Max R, Volts
Voltage for 1%
Resolution: 100 G or less 10" 10
for approx 1-mm 100 G 10" 100
meter deflection IT 10" 200

Short-Circuit Current: <15 mA, 10-50 V; <10 mA, 100-1000 V.

Power: 105 to 125 or 210 to 250 V, 50 to 400 Hz, 13 W.

Mechanical: Flip-Tilt case and rack mount. DIMENSIONS (wx
hxd): Portable, 12.75x12.5x7.75 in. (324x318x197 mm); rack,
19x12.25x5 in. (483x312x127 mm). WEIGHT: 19 Ib (9 kg)
net, 31 Ib (15 kg) shipping.

Catalog
Number

1644-9701
1644-9820
1644-9711
1644-9821

Resistance Range: 1 kfl to 1000 Tfl (lO' to 10's fl) in ten
ranges.

Accuracy: 10' fl to 10'0 fl, ± 1%. After self-calibration: 10'0 to
10"0, ±1%*; 10" fl, ±2%; 10'4 fl, ±1O%; 10" fl, ± one scale
division.

6R% Dial: ±5% range; accurate to ±0.2% or, for small
changes, to ±0.1%.

Test Voltage: Voltage accuracy is ±3% ±0.5 V.
Fixed Voltages" 10 20 50 100 200 V

Patent Number 2,966,257

Description

1644-A Megohm Bridge ~

115-V Portable Model

115-V Rack Model
230-V Portable Model

230-V Rack Model

The 1644-A will measure:
• Insulation Resistance of cables, transformers, chokes,
components, connectors, wiring, terminals, resistors,
capacitors, relays, printed circuits, rotating machines,
switches, circuit breakers, meters, strain gages, thermo
couples, delay lines, slip rings, commutators, heaters,
filters, lightning arresters, and other devices.
• Resistance of high-valued resistors, resistance films, di
odes, transistors, and piezoelectric elements.
• Voltage and Temperature Coefficients of resistance.
• Volume and Surface Resistivity of solids, such as
printed-board material, resins, plastics, potting and cast
ing compounds, rubber, refractories, and semiconduc
tors; of liquids, such as oils, plasticizers, and solvents;
and of sheet materials, including plastics, recording tape,
and varnished fabrics.

The circuit is a dc Wheatstone bridge with a high
impedance, high-sensitivity detector. Precision, wire
wound resistors are used for the fixed bridge arm and the
lowest-valued decade-step arm. For medium values of
the ratio arm, precision metal film resistors are used; for
the highest values, carbon film resistors with trimmers.
The balancing arm is a wire-wound variable resistor.

The guard terminal eliminates the effects of stray re
sistances to ground. For capacitor leakage resistance
measurement, charging time is a fraction of a second.

• 103 to 1015 ohms

• 1% accuracy to 10'2 ohms

• 6R measurements to ±0.2%

• seven test voltages

• self-checking internal standards

~ Federal stock numbers are listed before the Index.
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1863 and 1864 Megohmmeters

t Note: Meter deflects to the left, so 2'12% is near the right; however,
the meter scale reads naturally. from left to right.
* Recommended limit.

amperes and a panel light near the terminals warns when
voltage is present. Stable power supplies and feedback
voltmeter circuit minimize drift and time-wasting adjust
ments. Guard and ground terminals permit measurement
of grounded or ungrounded two- or three-terminal resis
tors. The instruments are supplied for rack mounting or
in a convenient, portable Flip-Tilt case that is a stand for
the meter in use and protects it in transit and storage.
-See GR Experimenter for March-April 1969.

SPECIFICATIONS
Voltage and Resistance Ranges:

Rmin Rmaxt Useful
Voltage Full Scale 10% of Scale 2'12% of Sea Ie Ranges

Type 1863
50,100 V 50 kfi 500Gfi 2Tfi 7

200, 250, 500 V 500 kfi 5Tfi 20Tfi 7

Type 1864
10 to 50 V 50 kfi 500 Gfi 2Tfi* 7*
50 to 100V 200 kfi 5Tfi 20Tfi 8

100 to 500 V 500 kfi 5Tfi 20Tfi* 7*
500 to 1090 V 5Mfi 50Tfi 200Tfi 8

Resistance Accuracy: ±2(meter reading + 1)% on lowest 5
ranges (min reading is 0.5). For 6th, 7th, 8th ranges, respec
tively, add ±2%, ±4%, -, for the 1863; ±2%, ±3%, ±5%, for
the 1864.
Voltage Accuracy (across unknown): ±2%.

Short-Circuit Current: 5 mA approx.

Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 13 W.

Supplied: Mounting hardware with rack models.

Mechanical: Flip-Tilt case and rack mount. DIMENSIONS
(wxhxd): Portable, 6.63xlOx6.75 in. (245x254xl72 mm);
rack, 19x7x4.63 in. (483x178x1l8 mm). WEIGHT: Portable,
9.5 Ib (4.4 kg) net, 14 Ib (7 kg) shipping; rack 11 Ib (5 kg) net.

Catalog
Number

1864-9700
1864-9701

1863-9700
1863-9701

1863 Megohmmeter
Portable Model 0
Rack Model

1864 Megohmmeter
Portable Model
Rack Model

Description

If one of these GR megohmmeters doesn't exactly suit
your high-resistance measurement needs, the other one
should. Although the instruments are similar in appear
ance and accuracy, their operating ranges differ to match
differing needs in the laboratory and production area.

Choice for production and inspection The 1863 Meg
ohmmeter will measure resistance at any of five common
test voltages up to 500 V, has fewer controls, and is the
lower priced model. It is, therefore, the best selection
when several test stations are to be equipped, when the
operators are inexperienced, or when specifications call
for standard insulation-testing voltages.

Choice for laboratory investigations The 1864 is the
more flexible of the two instruments. The test voltage
can be set to any value from 10 to 109 volts in I-volt steps
and to 1090 volts in 10-volt steps. Thus, the 1864 can be
set to any common, or uncommon, test voltage for ce
ramic, mica or paper capacitors, or other devices. The
reverse resistance of rectifiers can be readily measured;
the low test voltages available are especially useful in
measuring solid-state diodes. An additional range per
mits measurements up to 2 X 1014 ohms (200 Tn).

Both instruments are easy to use with direct-reading
meter indication and lighted range switch that shows the
multiplier for each range and voltage. The maximum cur
rent possible at the terminals is limited to a safe 5 milli-

GR 1863

• 5 test voltages: 50 to 500 V

• 50 k.o. to 20 T.o. (2 x 1013.0.)

• economical, simple operation

• direct reading, safe, stable

GR 1864

• 200 test voltages: 10 to 1090 V

• 50 k.o. to 200 Tn (2 x 1014.0.)

• direct reading, safe, stable

• simple operation

o Federal stock numbers are listed before the Index.
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1435 Programmable Decade Resistor
• 1.11 Mn

• 0.02% basic accuracy

• completely programmable

Catalog
Number

1435·9700
1435-9701

11 pF
23 pF
16 pF

276 'pF
51 pF

1606 pF
23 JLH

19 pF
76 pF
19 pF

247 pF
46 pF

1606 pF
23 JLH

Decade Resistance
R = 100 kfi R = 1 Mfi

C1
C2
C3
C4
C5
C6
Ll

Parameter

1435 Programmable Decade Resistor
Bench Model
Rack Model

Description

C3

HIGH O-r--rLI'VVV'..........""".!.r--r--O LOW

grounded or guarded). At low resistance values, they depend
mainly on the inductance. Calculations based on the values
tabulated should give a good approximation to the series
resistance error. (Parameters are defined by diagram.)

Signal Power Ratings: 0.125 W per step of the most-significant
non-zero digit (1.25 W max) for specified accuracy; 0.25
W! step (2.5 W max) without damage. Each decade labeled
with rated current. GUARD VOLTAGE LIMIT: 100 V max
with respect to ground.
Terminals: 5 (High, Low, Ground, Guard, Guard) nickel-plated
brass binding posts on rear panel; standard spacing (0.75 in.).
Supplied: Power cord, Amphenol Type 225 board-edge con
nector, for programming input.
Power: 100 to 125 V or 200 to 250 V, 50 to 60 Hz, 7 W.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19.75x4.22x12.88 in. (502x107x327 mm); rack, 19x
3.47xlO.8 in. (483x88x275 mm). WEIGHT: Bench, 18 Ib
(8.5 kg) net, 23 Ib (11 kg) shipping; rack, 13 Ib (6 kg) net,
18 Ib (8.5 kg) shipping.

The 1435 is a completely-programmable five-decade
resistor (expandable to six or seven decades on special
order) particularly adaptable to automatic test equipment
for the control of load, time constant, gain, etc.

Each decade is controlled by a 12-position front-panel
switch that displays 0 through X (10) and R (remote).
This allows any decade or decades to be manually set
while those remaining are remotely controlled. Another
switch transfers total control of all the decades to the
exernal control signal, regardless of the setting of the in
dividual decade controls, and this transfer itself is ex
ternally programmable.

Four high-quality wire-wound resistors of low-tempera
ture-coefficient Evanohm* wire are used in each decade.
All are straight wound except the lO-n/ step decade
which is Ayrton-Perry wound to reduce inductance. Due
to discontinuities that may exist when the settings are
changed '(manually or remotely), two logic lines are pro
vided to short or open the decade-output terminals during
the switching interval.

.. Registered trademark of the Wilbur B. Driver Co.

SPECIFICATIONS
Range: 1,111,100 n total resistance; 10 n smallest step. Each
decade can be individually controlled: manually by in-line
readout dials or remotely to digital techniques.
Programming: Control by negative true logic, 8-4-2-1 binary
coded decimal, at standard DTL or TTL levels (i.e., logic 0 =
ground, logic 1 > +3.5 V) or closures to ground applied to rear
panel etched-board (36 pins.) SWITCHING SPEED: < 4 ms
per change. Switches are mercury-wetted reed relays for low,
stable, and repeatable zero resistance and are used for both
manual and remote control.
Resistance Characteristics: ACCURACY: The difference be
tween the resistances at any setting and at the zero setting
is equal to the indicated value ±(O.02% + 10 mn) for all
decades except, for lO-nt step decade, the tolerance is
±(O.05% + 10 mn); all at low currents and low or zero fre
quency. ZERO RESISTANCE; Typically 700 mn total (all dec
ades set to zero). TEMPERATURE COEFFICIENT: ±(lO ppm
+ 3 mn)! DC. FREQUENCY DEPENDENCE: At high resistance
values, frequency characteristics depend mainly on capaci
tances and on the type of connections used (2- or 3-terminal,
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1436 Decade Resistor
• 111 kil or 1.11 Mil

• 0.02% basic accuracy

• simple lever adjustment

• clear, easy-to-read display

• exceptionally small size

These decades feature small size, high accuracy, and
convenient lever switches that provide digital readout and
a means of easy and rapid adjustment.

Their accuracy at the higher values equals that of our
most precise resistance decades. Solid silver-alloy is used

for the contacts to ensure long life and repeatable, low
resistance. All resistors are precision, wire-wound units
that use low-temperature-coefficient-alloy wire (Evan
ohm * for steps larger than 1 fi). Resistors used for set
tings below one kilohm are Ayrton-Perry wound for low
inductance. Six resistors are used per decade but they
switch in such a manner that there are no discontinuities.

Specials Both models of the 1436 Decade Resistor
are available without cabinets for custom installations.
Other resistance values are available on request. Inquir
ies are invited.

* Registered trademark of the Wilbur B. Driver Co.

Rack model. Two can be combined for side-by-side mounting.

1436-M 111,110 n 1 n
1436·P 1,111,100 n 10 n

Controlled by 5 lever switches with direct-reading digits. So'lid
silver-alloy contacts used for low, stable zero resistance.
Accuracy: The difference between the resistances at any set
ting and at the zero setting is equal to the indicated value
±(0.02% + 5 mn) at low currents and at dc or low-freq ac.
Zero Resistance: = 5 mn per decade, = 25 mo total.
Temperature Coefficient: ±(l0 ppm + 100 jill) I °C at room
temperature.
Maximum Power: 0.1 W per step (l W max total) without accu
racy change, 0.25 W per step (2.5 W max total) without dam
age.

Terminals: Three (HIGH, LOW, GROUND) gold-plated-copper
binding posts with standard %-in. spacing on front panel; lug
connections on rear.
Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): Bench, 8.5x3.88x8.31 in. (216x99x212 mm); rack, 19x
3.5x7.25 in. (483x89x185 mm). WEIGHT: Bench, 5 Ib (2.3
kg) net, 6 Ib (2.8 kg) shipping; rack, 7.5 Ib (3.4 kg) net, 9 Ib
(4.1 kg) shipping.

SPECIFICATIONS
Range: Total Resistance Smallest Step

Description

1436-M Decade Resistor, 111,110 n
Bench Model
Rack Model

1436-P Decade Resistor, 1,111,100 n
Bench Model
Rack Model

Catalog
Number

1436-9700
1436-9701

1436-9702
1436-9703
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1433 Decade Resistor

66666
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• ±O.01 % accuracy

• good frequency characteristics

• low temperature coefficient

• excellent stability

• low zero resistance

Equivalent circuit of a resistance
decade, showing residual impe·
dances.
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of the series-resistance change, depending on frequency and
the inSUlating material in the switch.

Characteristics of the 1433's are similar to those of the indi
vidual 51O's modified by the increased series inductance, L.,
and shunt capacitance, C, due to the wiring and the presence
of more than one decade in the assembly. At total resistance
settings of approx 1000 ohms or less, the frequency charac
teristics of any of these decade resistors are substantially the
same as those shown for the 510's. At higher settings, shunt
capacitance becomes the controlling factor, and the effective
value of this capacitance depends upon the settings of the
individual decades.

'" 000,......"'"

Typical Values of R.. 4. and C for the Decade Resistors:
Zero Resistance (Ro): 0.001 n per dial at dc; 0.04 (2 per dial

at 1 MHz; proportional to square 'root of frequency at all fre
quencies above 100 kHz.

Zero Inductance (4): 0.1 ~H per dial + 0.2 ~H.

Effective Shunt Capacitance (C): This value is determined
largely by the highest decade in use. With the low terminal
connected to the shield, a value of 15 to 10 pF per decade may
be assumed, counting decades down from the highest. Thus,
if the third decade from the top is the highest resistance
decade in circuit (i.e., not set at zero), the shunting terminal
capacitance is 45 to 30 pF. If the highest decade in the as
sembly is in use, the effective capacitance is 15 to 10 pF, re
gardless of the settings of the lower-resistance decades.
Temperature Coefficient of Resistance: Less than ±10 ppm
per degree C for values above 100 nand ±20 ppm per degree
C for 100 n and below, at room temperatures. For the 1433's

Max percentage change in series resistance as a function of frequency.

The 1433 Decade Resistors are primarily intended for
precision measurement applications where their excellent
accuracy, stability, and low zero resistance are important.
They are convenient resistance standards for checking
the accuracy of resistance-measuring devices and are
used as components in dc and audio-frequency imped
ance bridges. Many of the models can be used up into
the radio-frequency range. Although they are quite satis
factory as substitution boxes for optimizing electronic
circuitry, the less expensive 1434 Decade Resistors are
recommended for such less exacting applications.

Each 1433 Decade Resistor is an assembly of GR 510
Decade-Resistance Units in a single cabinet. Mechanical
as well as electrical shielding of the units and switch con
tacts is provided by the attractive aluminum cabinet and
panel. The resistance elements have no electrical con
nection to the cabinet and panel, for which a separate
shield terminal is provided.

The individual decades (510 Decade-Resistance Units)
are available for applications requiring only one decade
or as components to be built into experimental equip
ment, production test equipment, or commercial instru
ments.

SPECIFICATIONS
Accuracy: The specified tolerances apply for low-current meas
urement at dc or low-frequency ac (see below).
Over-all Accuracy: The difference between the resistances at
any setting and at the zero setting is equal to the indicated
value ±(0.01% + 2 mn).
Incremental Accuracy: See table. This is the accuracy of the
change in resistance between any two settings on the same
dial.
Max Current: The max current for each decade is given in the
table below and also appears on the panel of each decade box
and on the dial plate of each decade resistance unit.
Frequency Characteristic: The accompanying plot shows the
max percentage change in effective series resistance, as a
function of frequency for the individual decade units. For low
resistance decades the error is due almost entirely to skin
effect and is independent of switch setting. For the high
resistance units the error is due almost entirely to the shunt
capacitance and its losses and is approx proportional to the
square of the resistance setting.

The high-resistance decades (510-E, -F, -G, and -H) are very
commonly used as parallel resistance elements in resonant
circuits, in which the shunt capacitance of the decades be
comes part of the tuning capacitance. The parallel resistance
changes by only a fraction (between a tenth and a hundredth)
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* Data given for bench models. All rack models same except 19 in.
(483 mm) wide.

** Add approx 1 Ib (0.5 kg) for rack-mount hardware.

Mounting: Lab-bench cabinet, rack models include mounting
hardware.
Dimensions and Weights: in. (mm), Ib (kg):

the box wiring will increase the over-all temperature coefficient
of the 0.1- and 0.01-f! decades.
Switches: Quadruple-leaf brushes bear on lubricated contact
studs of %-in. diameter in such a manner as to avoid cutting
but yet give a good wiping action. A ball-an-cam detent is
provided. There are eleven contact points (0 to 10 inclusive).
The switch resistance is less than 0.0005 n. The effective
capacitance is of the order of 5 pF, with a dissipation factor of
0.06 at 1 kHz for the standard cellulose-filled molded phenolic
switch form and 0.01 for the mica-filled phenolic form used in
the 510-G and 51O-H units.
Max Voltage to Case: 2000 V pk.
Terminals: Low·thermal-emf jack-top binding posts on stan
dard JA-in. spacing; also provisions for rear-panel connections.
Shield terminal is provided.

Width*
Height
Depth

Net Wt**
Ship. Wt**

4-dial 5-dial 6-dial 7-dial
U, K, J, L, Q T, N, M, P, Y W, X, B, Z F, G, H

12.3 (312) I 14.8 (375) I 17.3 (439)
I 3.5 (89) I I 5.3 (135)

5 in. over-all, 4 in. behind panel (127, 102)
4.8 (2.2) I 5.8 (2.7) I 7 (3.2) I 8.8 (4.0)
5.5 (2.5) I 6.5 (3.0) I 8.5 (3.9) I 10.3 (4.7)

Ohms No. of Type 510 Decades catalog Number
Type Total Ohms per Step Dials Used Bench Rack

1433-U ~ 111.1 0.01 4 AA,A, B,C 1433-9700 1433-9701
1433·K ~ 1111 0.1 4 A,B,C,D 1433·9702 1433-9703
1433·J 11,110 1 4 B,C,D,E 1433·9704 1433·9705
1433·L 111,100 10 4 C, 0, E, F 1433·9706 1433-9707
1433·Q 1,111,000 100 4 D, E, F,G 1433-9708 1433-9709

1433·T 1111.1 0.01 5 AA,A,B,C,D 1433-9710 1433-9711
1433-N ~ 11,111 0.1 5 A,B,C,D,E 1433-9712 1433-9713
1433·"" 111,110 1 5 B, C, D, E, F 1433·9714 1433-9715
1433·P ~ 1,111,100 10 5 C, D, E, F, G 1433-9716 1433-9717
1433·Y ~ 11,111,000 100 5 D, E, F, G, H 1433·9718 1433-9719

1433·W 11,111.1 0.01 6 AA,A,B,C, D,E 1433-9720 1433-9721
1433·X ~ 111,111 0.1 6 A, B, C, 0, E, F 1433-9722 1433-9723
1433·8 1,111,110 1 6 B, C, D, E, F, G 1433·9724 1433·9725
1433-Z 11,111,100 10 6 C, D, E, F, G, H 1433-9726 1433-9728

1433·F 111,111.1 0.01 7 AA, A, B, C, D, E, F 1433-9729 1433·9730
1433-G ~ 1,111,111 0.1 7 A,B,C, D, E, F,G 1433-9731 1433·9732
1433-H 11,111,110 1 7 B, C, D, E, F, G, H 1433-9733 1433·9734

510 Decade-Resistance Unit

The 510 Decade Units that essentially make up the
1433 are also available separately for applications re
quiring a single decade or as components for experi
mental setups, production test equipment, or commercial
instruments.

Each Decade-Resistance Unit is enclosed in an alumi
num shield; a knob and etched-metal dial plate are sup
plied. Each decade has ten resistors in series; the con
tacts in the lower-valued decades have a silver overlay
to ensure stability of resistance, and all the decades have
a silver contact on the zero setting to give low and con
stant zero resistance. Winding methods are chosen to
reduce the effects of residual reactances.

510-B mounted on a small panel.

SPECIFICATIONS
Electrical: See table.
Terminals: Soldering lugs.
Supplied: Dial plate, knob, template, and mounting screws.
Mechanical: Panel mounting, in shield can. DIMENSIONS:
Dia. 3.06 in. (78 mm), depth 3.31 in. (85 mm) behind panel.
WEIGHT: 11 oz (312 g) net.

Total Resistance Accuracy of Max Power
Resistance Per Step Resistance Current Per Step AL C** L, Catalog

Type ~ Ohms (AR) Ohms Increments 40° CRise Watts IlH pF IlH Number

510·AA 0.1 0.01 ±2% 4 A 0.16 0.01 7.7-4.5 0.023 0510-9806
51O-A 1 0.1 ±0.4% 1.6 A 0.25 0.014 7.7-4.5 0.023 0510-9701
510·8 10 1 ±0.1% 800 mA 0_6 0.056 7.7-4.5 0.023 0510-9702
510-C 100 10 ±0.04% 250 mA 0.6 0.11 7.7~.5 0.023 0510-9703
510·0 1000 100 ±0.01% 80 mA 0.6 5 7.7-4.5 0.023 0510-9704
510-E 10,000 1000 ±0.01% 23 mA 0.5 13 7.7-4.5 0.023 0510-9705
510-F 100,000 10,000 ±0.01% 7 mA 0.5 70 7.7-4.5 0.023 0510-9706
51O-G 1,000,000 100,000 ±0.01% 2.3mA 0.5 7.7-4.5 0.023 0510-9707
510·H 10,000,000 1,000,000 ±0.01% 0.7* mA 0.5 7.5-4.5 0.023 0510-9708
510·P4 Switch only (Black Phenolic Frame) 0510-9604
510-P4L Switch only (Low-Loss Phenolic Frame) 0510-9511

* Or a max of 4000 V, pk.
** The larger capacitance occurs at the highest setting of the decade. The values given are for units without the shield cans in
place. With the shield cans in place, the shunt capacitance is from 0 to 20 pF greater than indicated here, depending on whether
the shield is tied to the switch or to the zero end of the decade.

~ Federal stock numbers are listed before the Index.
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1434 Decade Resistor

Zero Resistance: Approx 3 mn per dial at low frequencies;
except for the 1434·QC, approx 30 mn.
Max Current: See table; these values also appear on the panel
of each decade box. When this max current is passed through
a decade, the temporary change in value will be less than the
accuracy specification. Currents appreciably higher than this
will cause permanent damage.

Net Shipping
Width Height Depth Weight Weight

Models
in. mm in. mm in. mm Ib kg Ib kg

M,N,P,QC 11'% 300 2'% 70 4'/.0 108 3 1.4 4 1.9

B.X 13'% 350 2'% 70 4'/.0 108 3'/.0 1.5 4 1.9

G (bench) 17~. 440 3Y2 89 5 127 6 2.8 7 3.2

G rack 19 483 3Y2 89 3Y2 89 6 2.8 7 3.2

Temperature Coefficient: <±10 ppm/·C at room temperature,
except for the low-valued units where the +O.4%/·C tempera
ture coefficient of the zero resistance must be added.
Frequency Characteristics: Generally similar to those of the
1433 Decades.
Switches: Multiple wiper, solid-silver-alloy switches are used
to obtain low and stable zero. resistance.
Terminals: Jack-top binding posts on standard 3A-in. spacing.
A shield terminal is also provided. The 1434-G has lug con
nections accessible from the rear.
Mounting: All types except the 1434-G are in small cabinets
for bench use. The 1434-G is also designed for bench use but,
with the addition of mounting hardware, becomes 3%-in. high,
19-in. relay-rack unit.

Mechanical Data:

* At low currents and low frequencies.

1 A
0.3 A

160 mA
50 mA
16 mA

5 mA
1.6 mA

200 mA

Max
Current

** Used in 1434·QC.

±3.0%
±0.3%
±0.05%
±0.02%
±0.02%
±Q.02%
±0.02%
±In

Incremental
Accuracy*

0.1 n
1.0 n

lOn
lOOn

1 kn
10 kn

100 kn
1 n/div

Resistance
Per Step

In
lOn

lOon
1 kn

10 kn
100 kn

1 Mn
100-n Rheostat**

Total
Resistance of Decade

• ±O.02% accuracy

• 5-,6-, or 7-dial settability

• excellent stability, low cost

* Registered trademark of the Wilbur B. Driver Company.

These laboratory-quality, budget-priced decade boxes
are designed for maximum usefulness and economy in
laboratory measurement, testing, and development work.
Their accuracy is adequate for all but the most exacting
applications. Their small size and clear readout should
be particularly useful in experimental setups using small,
modern components.

The 1434-M, -N, and -P contain five step decades of
resistance in a small cabinet. The 1434-8 and -X, 6-dial
boxes, permit small as well as large values of resistance
to be set with 3- or 4-place resolution and accuracy. The
1434-0C, a "best buy," has four step decades plus a
rheostat to provide I-ohm resolution in a I-megohm box.

The larger, seven-decade, 1434-G box is easily con
verted into a 31f2-inch relay-rack unit by the addition of
angle brackets and dress strips, which are furnished. This
box has lug terminals available at the rear, as well as at
panel binding posts.

DESCRIPTION

High-quality, wire-wound resistors are used in these
decades. The low price is made possible by the use of
only six resistors per decade instead of ten. These are
combined by switching in such a way that there are no
discontinuities; that is, the resistance increases stepwise
just as though ten resistors were used. The switches have
solid-silver-alloy contacts for low resistance and long life.

Resistors are of low-temperature-coefficient Evanohm*
wire, except the I-ohm/step and O.l-ohm/step decades
which use wire and ribbon (respectively) of another low
temperature coeffi<;:ient alloy. The resistors of the 100-,
10-, and I-ohm/step decades are Ayrton-Perry wound
to minimize inductance.

SPECIFICATIONS
Accuracy: Tolerances apply at low currents and at dc or low
frequencyac.

Over-all: The difference between the resistances at any set
ting and at the zero setting is equal to the indicated value
±(0.02% + 5 mfl), except for the 1434-0C, which may have
an additional error of ± 1 fl when the rheostat is used.

Incremental: See table. This is the accuracy of the change
in resistance between any two settings of the same dial.

Total Resistance Number of Catalog
Description Resistance(n) Per Step Decades Number

Decade Resistor

1434-N 11,111 0.1 n 5 1434-9714
1434-M ~ 111,110 1.0 n 5 1434-9713
1434-P 1,111,100 10 n 5 1434-9716
1434.QC 1,111,105 1 n/div 4 + rhea 1434-9576
1434·8 1,111,110 1.0 n 6 1434-9702
1434-X 111,111 0.1 n 6 1434-9724
1434-G ~ 1,111,111 0.1 n 7 1434·9707

~ Federal stock numbers are listed before the Index.
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1444-A 10-kQ standard with temperature
sensor, shown with carrying case.

1444-A Reference Resistance Standard
• 10 kfl

• 3 ppm accuracy

• 1 ppm-per-year stability

• extremely low temperature coefficient

• guarded 4-terminal connections

The high stability and extremely low temperature co
efficient of the 1444 Reference Resistance Standard well
suits it for use in standards laboratories that lack a
closely controlled environment. Also, because this stan
dard is practically unaffected by atmospheric pressure
changes or mechanical and thermal shock, it is valuable
as a portable standard for intercomparisons.

The resistor used as a standard consists of two large
5-kilohm resistor elements wound on metal substrates
that have the same thermal expansion coefficient as the
wire to avoid stresses caused by temperature changes.
The Evanohm * wire used is bare to eliminate any me-

chanical constraints caused by changes in the hardness
of the normally used lacquer coating. After winding, the
resistor elements are high-heat treated to ensure the ut
most stability. The resistor is then placed in a heavy
stainless-steel container, totally evacuated, back-filled
with extra-dry nitrogen, and hermetically sealed. The ni
trogen avoids possible oxidation effects that might other
wise be caused by the minute amounts of humidity pres
ent in even the best oil. All leads are brought out through
glass-to-metal seals, a thermometer well is provided, and
a temperature correction chart is supplied.

Sensor The 1444-A contains an additional resistor, a
lO-kfl temperature sensor with a temperature coefficient
of 1,000 ppm, which is mounted in close thermal contact
with the standard resistor elements. The temperature of
the standard can then be measured with a high degree of
accuracy by measurement of the resistance of the sensor.
The container of the 1444-A is shock mounted in an outer
container and then placed in a foam-rubber-Iined carry
ing case.

* Registered trademark of the Wilbur B. Driver Company.

final value. INSULATION RESISTANCE, >10" n from resistor
terminals to ground.
Terminals: Gold-plated copper binding posts, 4 each for stan
dard, sensor, and ground.
General: Thermometer well and temperature sensor provided.
Extra-dry-nitrogen filled, hermetically sealed in heavy stain
less-steel case. Supplied with an outer container and foam
rubber-lined carrying case.
Mechanical: (With carrying case). DIMENSIONS (wxhxd):
11.5xlO.63x8.5 in. (293x270x216 mm). WEIGHT: 12 Ib
(6 kg) net, 17 Ib (8 kg) shipping.

SPECIFICATIONS
Nominal value: 10 kfl.
Accuracy: ::t3 ppm, compared with an uncertainty of 0.1 ppm
to a standard measured by NBS with a stated uncertainty of
1 ppm.
Stability: 1 'ppm, 1st year; 0.5 ppm! yr, thereafter.
Environment: TEMPERATURE COEFFICIENT, individual tem
perature-correction chart for 18 to 28°C supplied. At 23°C,
alpha ";;±0.1 ppm! DC; beta ";;-0.05 ppm! °C' between 18 and
28°C. Value changes <±0.1 ppm with normal atmospheric
and humidity variations. THERMAL TIME CONSTANT, 1 hour
minimum.
Electrical: POWER, 0.1 W max. VOLTAGE, 500 V max to case.
THERMAL EMF, <±0.1 ",V under normal test conditions. CUR
RENT REVERSAL, value changes <±0.1 ppm. DIELECTRIC
SOAKING EFFECT, value stabilizes within 5 s to ±0.1 ppm of

Description

1444-A Reference Resistance Standard,
10 kO, with sensor

Catalog
Number

1444-9700
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1440 Standard Resistor
• O.01fl to 1 Mfl

• accuracy ±O.01 %

• stability ±1 0 ppm per year

• low thermal emf to copper

These extremely stable resistors are intended for use
as laboratory or production standards for calibrating re
sistance bridges and for substitution measurements.

Units of 0.01 and 0.1 11 are made of sheet metal with
a low temperature coefficient of resistance, punched in
a meander pattern to reduce inductance. Units of 1 11
and above are card-type wire-wound resistors, carefully

SPECIFICATIONS

Accuracy: See table. Measurements on the low-value units
should be made with a four-terminal connection. All meas
urements at 23°C.
Calibration Accuracy: Resistors are calibrated by comparison,
to a precision of ±20 ppm, with working standards whose ab
solute values are known typically to ±10 ppm as determined
and measured in terms of reference standards periodically
measured by the National Bureau of Standards. The measured
deviation in % from nominal value, at 23°C and 0.01 watt, is
entered on the label on the reverse side of the resistor.
Stability: Typically ±1Q ppm per year (l Mfl to 1 fl).

Temperature Coefficient (Max): See table.
Power Rating: 1 W. The corresponding current is indicated on
the resistor and iri the table below. This dissipation will cause

wound and adjusted. Low-temperature-coefficient wire
is used for units of 1 nand 1011; Evanohm * wire is used
for units above 10 n. All units are heat cycled to reduce
strains and are repeatedly checked to eliminate any that
show abnormal behavior. They are encased in sealed,
oil-filled, diallylphthalate boxes to promote long-term sta
bility and to provide mechanical protection.

The 1440 resistors have low-thermal-emf binding posts
and removable banana plugs to provide the four terminals
necessary for accurate measurements at low values of
resistance. A label on the reverse side lists initial calibra
tion and date, serial number, and space for future cali
bration data.

* Registered trademark of the Wilbur B. Driver Company.

a temperature rise of approx 25°C and a resulting temporary
resistance change due to the temperature. If this rating is ex
ceeded, permanent changes may result.

Residual Impedances: Approx shunt capacitance (2-terminal
measurement), 2.5 pF; less for 3-terminal measurement. Typi
cal series inductance, see table.

Approx Frequency Characteristics: See table.

Terminals: Gold-plated jack-top copper binding postS .l~-in.

spacing) with banana plugs that are removable and can be
replaced by 6-32 screws for installation of soldering lugs.

Dimensions (less terminals): 2.25x2.47xO.34 in. (58x63x9
mm).

Net Weight (approx): 2 oz (57 g).

Approx Frequency for
0.1% Resistance Change

Series R Parallel R
Max Inductance

Resistance * Accuracy Current Typical

0.01 n. ±0.1O% 5A 0.1 "H
0.1 n. ±0.05% 2A 0.1 "H
In. ~ ±0.02% 1.0 A 0.12 "H

10 n ±0.01% 310 mA 0.13 "H
lOOn ±0.01% 100 mA 5."H

1 kn ±0.01% 30 mA 2.5"H
10 kn ±0.01% 10 mA

100 kn ±0.01% 3mA
1 Mn ±0.01% 1 mA

• Other special values, available on request.

~ Federal stock numbers are listed before the Index.

3 kHz
20 kHz

300 kHz
1 MHz
3 MHz
2 MHz

200 kHz
20 kHz

2 kHz

1 kHz
10 kHz
30 KHZ

300 kHz
1 MHz
1 MHz
1 MHz

100 kHz
10 kHz

Temperature
Coefficient

T~oa ppm
+30 ppm
±20 ppm
±20 ppm
±10 ppm
±10 ppm
±10 ppm
±10 ppm
±10 ppm

Catalog
Number

1440-967.1
1440-9681
.1440-9601
1440-9611
1440-9621
1440-9631
1440-9641
1440-9651
1440-9661
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1442 Coaxial Resistance Stand.ard'
• ±O.05%-per-year stability

• one- or two-port

• GR900® connectors

The General Radio 1442's are designed to serve as
standards of resistance and, used with GR coaxial capaci
tance standards, as standards of dissipation factor. In
either role, they can be used to calibrate impedance
bridges at frequencies as high as 100 MHz.
- See GR Experimenter for March-April 1969.

R 9 nH

~
2.5:I . I.:: pF

Equivalent circuit of a 1442 resistor shown with approximate values of
capacitance and inductance.

connecting standa'rd to lA-inch x 28 threaded stud (GR 938
binding post) or tapped hole.
Dimensions (diameter x length): 1. 19x2.38 in. (31x61 mm).

SPECIFICATIONS
Initial DC Accuracy: :'::0.1% except ±0.25% for 1442-0.
Stability: ±0.05% per year.
Dissipation: 1 W max.
Capacitance (inner to outer conductor): 5 pF, typical.
Inductance: 9 nH, typical.
Temperature Coefficient of Resistance: ±50 ppm;oC, except
±100 ppm! °C for 1442-0.
Available: 900-WN SHORT CIRCUIT, 900-09 ADAPTOR for

Description

Coaxial Resistance Standard
1442-0
1442-G

1442-K
1442-N

Resistance

1.0 n
10 n

100 n
1000n

Catalog
Number

1442-9703
1442-9706

1442-9709
1442-9712

100
FREOUENCY-MHz

0.'

.0

,n/..
1/I..
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'" '0/
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l---V V V

0 - t--t- r-- t-r-. Ai{I--
2

~n II,
-0.

o

o

o

'?
o

'0010
FREOUENCY - MH.r

•

"In,lon

0
c-r-11'

r-K te:
•

•
I ·I\,ooon

•

\I
2

I \
0..

0.'

0.'

1.02

1.0

0.'

Typical ratios of effective ac series resistance to dc resistance, using a
GR 900-WN connected to one end of the 1442 resistor.

Typical ratios of effective ac series reactance to dc resistance, using a
GR 900-WN connected to one end of the 1442 resistor.
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1660-A Precision Inductance-Measuring Assembly includes 1632-A Inductance Bridge,
1311-A Oscillator, 1232-A Tuned Amplifier and Null Detector.

1660-A Precision
Inductance-Measuring Assembly

• 0.1 nH to 1.1 kH, ±0.1% accuracy

• comparison to 6-figure resolution

• series or parallel L, no sliding balance

• in-line readout, automatic decimal point

The 1660-A assembly contains the 1632-A Inductance
Bridge with appropriate oscillator and null detector, as
sembled, interconnected, and measurement-ready. The
inductance bridge can be supplied alone so you can make
your own assembly with a suitable oscillator and detector,
particularly if measurements are required at frequencies
other than the 11 provided by the oscillator in this
assembly.

The 1632 Bridge measures series or parallel compo
nents of two-terminal grounded inductors, at audio fre
quencies. Its high accuracy suits the most demanding
absolute measurements, while its six-place resolution

192 MANUAL INDUCTANCE MEASUREMENT

enables you to make high-precision intercomparisons of
inductance standards by substitution methods.

The Owen bridge circUit uses for the standard of reac
tance a capacitor that, owing to its very low residual
impedances, exhibits a negligible change in its effective
capacitance over the audio frequency range. The Owen
circuit also makes possible the use of the high accuracy
of decade resistors for the inductance balance.

Inductance is indicated by the setting of a six-decade
control, conductance by the setting of four decades and
a continuously variable control. The dials, which show
only the pertinent digit of each decade, indicate induc
tance directly. Resistance, either series or parallel, is the
reciprocal of the conductance setting. An eight-position
mUltiplier automatically indicates both the decimal point
and the units of measurement.

For maximum accuracy in the measurement of both
large and small values of inductance, the residual im
pedances associated with' the unknown terminals have
been minimized.

GENERAL RADIO 1973 CATALOG



Maximum Measurable Q: Series connection, proportional to
frequency, 60 at 100 Hz; parallel connection, 80 at 100 Hz
and RN of 100 j<fl, inversely proportional to frequency and to RN.
Frequency Range: Nominally 1 kHz and lower. Usable to 10
kHz with accuracy considerations discussed above. Oscillator
in 1660 assembly generates 50, 60, 100, 120, 200, 400, and
500 Hz, 1, 2, 5, and 10 kHz only.
Generator: Type 1311-A Oscillator supplied in 1660 assembly.
Type 131O-A is recommended for continuous frequency cover
age. Max safe bridge voltage is 1 V on low-l ranges to 100 V
on high ranges; values engraved on panel.
Detector: Type 1232-A Tuned Amplifier and Null Detector sup
plied in 1660 assembly and recommended for general use.
Supplied: 274-Nl Shielded Patch Cord and 874-R34 Patch
Cord for generator and detector connection; 1632-P1 Trans
former to match low bridge input impedances to 600-fl gen
erator.
Power: 105 to 125 or 210 to 250 V, 50 to 400 Hz, 22 W for
1311-A Oscillator. Null Detector operates from internal battery
supply. Bridge requires no power.
Mechanical: Bench cabinet assembly. DIMENSIONS (wxhxd):
19x23x10.5 in. (483x584x267 mni). WEIGHT: 62 Ib (29 kg)
net, 92 Ib (42 kg) shipping.

Although available in the Type 1660-A assembly with
oscillator and null detector, the 1632-A Inductance Bridge
is offered separately for those who have the necessary
companion instruments or wish to use frequencies not
provided.

The 1632 is ideally suited to the measurement of stan
dard inductors, by direct measurement to ±O.l%, or by
substitution measurement, in comparison to external
standards to a resolution of up to 1 ppm.

SPECIFICATIONS

Note: Specifications for the bridge alone are as given above
for the assembly, except as noted.
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x16xlO.5 in. (483x406x267 mm); rack, 19x15.75x
8.5 in. (483x400x230 mm). WEIGHT: 40 Ib (19 kg) net, 53
Ib (25 kg) shipping.

SPECIFICATIONS
Inductance: RANGE, 0.1 nH to 1111 H. ACCURACY, ±0.1%,
direct reading, except at extremes of inductance, frequency,
and Q ranges; ±(1% + 1 nH) on lowest range (0.1 nH to 111
ILH). If Q is less than 1, accuracy isredu~
(+0.05 ± Q.)% / Ox. Values of Q. at 1 kHz are:

d- High Z e- High Z f- High Z
Range a,b,c d- Low Z e- Low Z f· Low Z g h

R. HI 10 lJ 100 lJ 1 klJ 10 klJ 100 klJ

OJ ±0.03% ±0.005% ±0.002% ±O.OO2% ±0.02% ±O.l%

Above 1 kHz, multiply Q. values by f'H,. Additional error of
0.001 (f'H,)'% on lowest l range and of 0.04 (f'H,)'% on highest
range. Two nearly even inductors can be intercompared to a
precision of 10 ppm or better. Bridge adds about 1 pF to
capacitance across inductor. Bridge reading with unknown
terminals shorted is about 0.1 ILH.

Conductance: RANGE: 0.1 nuto 1111 u. ACCURACY: ±1%,
direct reading, reduced at extremes of inductance, conduc
tance, frequency, and Q ranges. CN capacitor decades are
adjusted within ±1% + 5 pF. PREDICTABLE ERRORS: If Q
is greater than 10, the error in either series resistance or par
allel conductance is increased to Ox (+0.05 ± Q.)%. (See
above table for values of Q. at 1 kHz, and, above 1 kHz, mul
tiply Q. values by f'H,.)· When bridge reads series conductance,
there is an additional error in series resistance of 0.15 Ox% at
1 kHz, when the l decades are set at 1/10 full scale (RN= 10
kfl); this error is proportional to frequency (with constant Ox)
and approximately proportional to resistance (RN) of l decades.

1632-A Inductance Bridge

.J

o Federal stock numbers are listed before the Index.

Description

Precision Inductance-Measuring Assembly

166O-A, 115 V
166O·A, 230 V

Replacement Battery (9 used)

Description

1632-A Inductance Bridge 0
Bench Mount
Rack Mount

Catalog
Number

1660-9701
1660-9711
8410-1372

Catalog
Number

1632-9801
1632-9811
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1630-AV Inductance-Measuring Assembly
The 1308-A oscillator provides continuous coverage

from 20 Hz to 20 kHz. When measurements are required
at frequencies other than those given for the internal
detector, the 1232-A Null Detector is recommended.

SPECIFICATIONS
Supplied: This assembly includes the 1633 Incremental-Induc
tance Bridge, 1265 Adjustable DC Power Supply and 1308
Audio Oscillator and Power Amplifier.
Mechanical: Pedestal cabinet. DIMENSIONS (wxhxd): 22.5x
43x20 in. (572x1092x508 mm). WEIGHT: 310 Ib (145 kg)
net, 460 Ib (215 kg) shipping.

operates normally); upper limits are 100 mH for f .;;; 120 Hz,
10 mH for f .;;; 1 kHz.
Accuracy: Additional ±1% error for f .;;; 400 Hz; correction can
be made for errors at higher f. TEMPERATURE COEFFICIENT
of resistance: 20 ppm/ °C.
Current Rating: 20 A continuous, 50 A intermittent, (total
rms); 50 A continuous with forced air cooling.
Terminals: High-current type accommodates wires up to 0.25
in. dia from generator and unknown inductor; binding posts
for connection to bridge.
Supplied: Cable, connects to bridge Unknown terminals.
Mechanical: Lab bench cabinet. DIMENSIONS (wxhxd): 10.5x
4.25x5 in. (267x108x127 mm). WEIGHT: 5.3 Ib (2.4 kg)
net, 7 Ib (3.2 kg) shipping.

• test lev.els from millivolts to kilovolts

• L accuracy 1% (R and Q, 2%)

• discrete frequencies: 50, 60, 100, 120, .•• 15.75 kHz

This assembly is a complete system for the measure
ment of inductance and loss of coils with ferromagnetic
cores. It consists of a 1633 Incrementahlnductance
Bridge with specially suited dc and ac powe.r supplies in
a cabinet-type rack with all necessary interconnecting
cables.

The supplies can produce 200-voltampere outputs into
a wide range of load impedances and are designed to
pass the large dc and ac currents required.

1633-P1 Range-Extension Unit

The 1633-Pl can be used with the 1633-A Incre
mental-Inductance Bridge to extend the current ratings
to 50 amperes. It connects a 250-watt, O.I-ohm resistor
in parallel with one of the bridge arms.

SPECIFICATIONS
Inductance Ranges: Only a, b, and c ranges of the 1633-A
bridge; its readout must be multiplied by 0.1 (otherwise it

Description

1630-AV Inductance-Measuring Assembly
115 V, 60 Hz
115 V, 50 Hz
230 V, 60 Hz
230 V, 50 Hz

Description

1633-P1 Range-Extension Unit

Catalog
Number

1630-9827
1630-9847
1630-9837
1630·9857

Catalog
Number

1633-9601
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1633-A Incremental-Inductance Bridge

• direct reading at 9 frequencies
in series Land R or Q

• 0.2 fLH to 1000 H

• 20 Hz to 20 kHz

• accuracy ± 1%

• apply up to 1250 V and 50 A, ac and dc

• numerous safety features

The 1633-A was designed primarily for measuring in
ductance and loss of transformers, chokes, and similar
components at very high levels of ac and dc excitation
and over a wide frequency range. Easy to operate and
flexible in application, it can also measure other nonlinear
elements such as Zener diodes, rectifiers, thermistors,
and lamps. The bridge contains a highly selective nine
frequency detector for effective harmonic rejection and
can be supplied complete with high-power ac and
dc supplies as the Type 1630 Inductance-Measuring
Assembly.

The incremental-inductance bridge uses a circuit that
incorporates active elements* in stable operational am-

GENERAL RADIO 1973 CATALOG

plifiers. Although large signal and bias levels may be
applied to the unknown indicator, this circuit keeps sig
nals in the bridge small, minimizes corrections, and elim
inates sliding balance. Current and voltage in the un
known inductor are nearly identical in magnitude and
waveform to those applied at the GEN ERATOR terminals.
In many instances measurements can be made on the in
ductor while it is actually operating in your circuit.

Up to 7 amperes rms (combined ac and dc) can be
passed through the inductor during measurement, up
to 50 amperes if you use the 1633-P1 Range-Extension
Unit. The impressed voltage can be as high as 1250
volts. Two power supplies are available, a dc supply and
a variable-frequency oscillator, which are designed spe
cifically for use with the bridge. Most conventional power
supplies are not suitable.

The internal detector is highly selective at nine fre
quencies between 50 Hz and 15.75 kHz. Owing to high
detector sensitivity and low noise, measurements can be
made at excitation levels below one volt on the highest
inductance ranges and 10 millivolts on the lowest range.

* H. P. Hall, R. G. Fulks, "The Use of Active Devices in Precision
Bridges," Electrical Engineering, May 1962.

MANUAL INDUCTANCE MEASUREMENT 195



SPECIFICATIONS
Ranges and Accuracy:

Full-Scale Ranges Lowest
Scale

Measurement Frequency a b c d e Division

Inductance 50, 60, 100, 120 Hz 10 mH 100 mH 1H 10 H 100 H 1000 H 20 ",H

400,800,1000 Hz 1 mH lOmH 100 mH 1H lOH 100H 2 ",H

10, 15.75 kHz 100 J,LH 1 mH 10mH 100 mH 1H 10 H 0.2 J,LH

Resistance All 10n lOOn 1 kn 10 kn 100 kn 1 Mn 10mn

Q 00 to 1, direct reading at above frequencies 0.9
Largest scale reading: 1000

Max rms volts 12.5 125 1250 1250 1250 1250

Min rms volts 50,60 Hz 0.025 0.25 2.5 2.5 2.5 2.5
for 1% accuracy

1 kHz 0.006 0.06(internal detector) 0.6 0.6 0.6 0.6

Max rms amperes·· 7 7 7 2 0.7 0.2
with extension unitt 50 50 50

Accuracy

±(1% of reading or 0.1% of full scale)
±(2"f,.,,/100Q,) %*,
±2% above 10 kHz
~r ±3% above 15.75 kHz

±(2% of reading or 0.1%
4" fl<H, Q,

of full scale) ± 100 %*

11 Q accuracy =
± 2% ±0.001 ±0.0005 ftH,*

* The frequency-error term is 5 times larger on highest L range.
** Max rms current = Vi'dc + 12.c

t 1633-P1 Range-Extension Unit contains a O.l-n resistor, which you connect externally to shunt RB (on the 3 lowest bridge ranges). Inductance
and resistance values are reduced by a factor of 10.

Available: 1633-P1 Range-Extension Unit, 1232-A Tuned
Amplifier and Null Detector, 1308-A Audio Oscillator and
Power Amplifier.
Power: 105 to 125 V or 210 to 250 V, 50 to 60 Hz, = 6 W.
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x12.75x10.25 in. (483x324x260 mm); rack, 19x
12.25x8.75 in. (483x311x222 mm). WEIGHT: 31 Ib (14 kg)
net, 48 Ib (22 kg) shipping.

Generator: External only (not supplied). For optimum per
formance when dc bias is used, ac supply must be able to
withstand large dc currents in output circuit, and dc supply
large ac currents. For dc bias, use 1265-A Adjustable DC
Power Supply, 200 W; over the audio-frequency range, use
1308-A Audio Oscillator and Power Amplifier, 200 VA.

Detectors: INTERNAL: Selectively tuned to 50,60, 100, 120,
400,800 Hz, 1, 10, and 15.75 kHz; response varies < 3 dB
for frequency components within ±1% of the nominal. Re
sponse at 2nd harmonic is typically 50 dB lower. EXTERNAL:
Use the 1232-A Tuned Amplifier and Null Detector, which is
tunable continuously, 20 Hz to 20 kHz.

Description
1633-A Incremental-Inductance Bridge

115-V Bench Model ~
115-V Rack Model
230-V Bench Model
230-V Rack Model

Catalog
Number

1633-9801
1633·9811
1633-9802
1633-9812

1265-A Adjustable DC Power Supply

Meters: Voltage and current; ranges switch with output
ranges.
Overload Protection: Overload circuit trips at approx 1¥2 times
full-scale current.
Regulation: VOLTAGE OR CURRENT: 0.2% for 10% line-volt
age change; 1% for 100% load change. SPEED OF RE
SPONSE: Approx 0.1 second.
Hum Level (rms): For 60-Hz operation, approx 70 dB below
full-scale de output (55 dB on 5-A ranges); for 50-Hz opera
tion, 6 dB higher.
Power: 105 to 125 or 210 to 250 V, 50 or 60 Hz, 380 W at
rated load. (Specify if for 50 Hz.)
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x7.5x17.25 in. (483x190x438 mm); rack, 19x7x15
in. (483x178x381 mm). WEIGHT: 70 Ib (32 kg) net, 124 Ib
(57 kg) shipping.

The 1265-A supplies dc bias for the 1633-A Incremen
tal-Inductance Bridge. Its characteristics include wide
ranges of current and voltage, a passive low-impedance
output circuit that will pass high alternating currents, and
a choice of voltage or current regulation.

The instrument has four voltage ranges and four cur
rent ranges and will deliver its maximum rated power of
200 watts to 8, 80, or 800 ohms. Range switches are
interlocked to prevent most likely overload situations. In
addition, electronic circuit prevents damage from over
load.

SPECIFICATIONS
Full-SCale Output Ranges: 12.5,40, 125,400 V dc; 0.16, 0.5,
1.6, 5 A dc; in any combination up to 200 W.

~ Federal stock numbers are listed before the Index.
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Description

1265-A Adjustable DC Power Supply
115-V Models

60-Hz, Bench
60-Hz, Rack
50-HZ, Bench
50-HZ, Rack

230-V Models
60-Hz, Bench
60-Hz, Rack
50-Hz, Bench
50-Hz, Rack

Catalog
Number

i265-9801
1265-9811
1265-9803
1265-9813

1265-9802
1265-9812
1265-9804
1265-9814
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1482 Standard Inductor
• stable within ±O.01 % per year

• low, known temperature coefficient

• minimized connection errors

• toroidal-free from external fields

The 1482 is an accurate, highly stable standard of self
inductance for use as a low-frequency reference or work
ing standard in the laboratory. Records extending over
16 years, including those of inductors that traveled to
national laboratories in several countries for calibration,
show long-term stabilities well within ±O.Ol%.

Each inductor is a uniformly wound toroid on a ceramic
core. It has a negligible external magnetic field and
hence essentially no pickup from external fields. The in
ductor is resiliently supported in a mixture of ground cork
and silica gel, after which the whole assembly is cast
with a potting compound into a cubical aluminum case.

Sizes of 1 mH and above have three terminals, two for
the inductor leads and the third connected to the case,
to provide either a two- or three-terminal standard. The
lOO-/LH size has three additional terminals for the switch
ing used to minimize connection errors.

For comparing other inductors with these standards,
the 1632-A Inductance Bridge is recommended.

SPECIFICATIONS'
Inductance Range: See table.
Accuracy of Adjustment: See table.

Calibration: A certificate of calibration is provided with each
unit, giving measured values of inductance at 100, 200, 400,
and 1000 Hz, with temperature and method of measurement
specified. These values are obtained by comparison, to a pre
cision, typically, of better than ±0.005%, with working stan
dards whose absolute values, determined and maintained in
terms of reference standards periodically certified by the Na
tionl Bureau of Standards, are known to an accuracy typically
±(O.02% + 0.1 /LH) at 100 Hz.
Stability: Inductance change is less than ±0.01% per year.
Dc Resistance: See table for representative values. A meas
ured value of resistance at a specified temperature is given on
the certificate of calibration.
Low-Frequency Storage Factor Q: See table for representative
values of Q at 100 Hz (essentially from dc resistance). An in
dividual value of Q, calculated from the measured dc resist
ance, is given on each certificate of calibration.
Temperature Coefficient of Inductance: Approx 30 ppm per
°C. Minute temperature corrections may be computed from
dc resistance changes. A 1% increase in resistance, produced
by a temperature increase of 2.54°C. corresponds to 0.0076%
increase in inductance.
Resonant Frequency: See table for representative values. A
measured value is given on the certificate of calibration.
Max Input Power: For a rise of 20°C, 3 W; for precise work, a
rise of 1.5°C, 200 mW. See table for corresponding current
limits.
Terminals: Jack-top binding posts on i4-in. spacing with re
movable ground strap.
Mechanical: Lab-bench cabinet. DIMENSIONS (wxhxd): 6.5x
6.5x8 in. (l66x166x204 mm). WEIGHT: 11.5 Ib (5.3 kg) net,
13 Ib (6 kg) shipping.

14829720225.60.9864004.9_0.1lOH1482-T

Nominal Adjustment 'Resonant 'Dc Milliamperes,
Induct- Accuracy Frequency Resistance 'Qat rms for, Catalog

Description ance (Percent) (kHz) (Ohms) 100 Hz 200 mW 3W Number

Standard Inductor 0
1482-8 100 ",H ±0.25 2250 0.083 0.76 1550 6010 1482-9702
1482-£ 1 mH ±0.1 800 0.84 0.75 490 1890 1482·9705
1482·H 10 mH ±0.1 220 8.2 0.77 156 600 1482-9708
1482·L 100 mH ±0.1 71 81 0.78 50 192 1482-9712
1482-P 1 H ±0.1 14.6 616 1.02 18 70 1482-9716

+

, Representative values. Actual values given on certificate.

o Federal stock numbers are listed before the Index.
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1491-G

1491 Decade Inductor
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Max Voltage: 500 V rms. Switch will break circuit at 500 V if
turned rapidly, but voltages above 150 V may cause destruc
tive arcing with switch between detent positions.
Terminals: Binding posts on 3M-in. centers; separate ground
terminal provided.
Mechanical: Lab-bench cabinet. DIMENSIONS (wxhxd):
Bench, 17x8.75x6.5 in. (432x223x166 mm); rack, 19x8.75x
4.88 in. (483x223x124 mm). WEIGHT: 1491-0, bench model,
23 Ib (11 kg) net, 30 Ib (14 kg) shipping; 1491-G, bench
model, 27 Ib (12 kg) net, 34 Ib (16 kg) shipping; rack models
are heavier by 1.75 Ib (0.8 kg).

• high-Q, 200 and above

• shielded toroidal cores for small mutual inductance
little effect from external fields

• sealed against moisture

The 1491 Decade Inductor is an assembly of several
940 Decade-Inductor Units in a single metal cabinet.
The units have no· electrical connection to the panel, but
a separate ground terminal is provided, which can be con
nected to the adjacent low terminal, leading to the small
est decade.

These inductance decades are convenient elements for
use in wave filters, equalizers, and tuned circuits through
out the range of audio and low radio frequencies. As
components in oscillators, analyzers, and similar equip
ment, they are especially useful during the preliminary
design period, when you need to vary circuit elements
over relatively wide ranges to determine optimum oper
ating values. As moderately precise standards of induc
tance they have values of low-frequency storage factor,
Q, that are much larger than those of air-core coils.

SPECIFICATIONS
Note: See also specifications for 940 Decade Inductor Units.
Frequency Characteristics: Percentage increase in effective
series inductance (above the zero-frequency value, Lo ) may be
obtained by interpolation in accompanying graph for any set
ting of the highest-value decade used, when LOW terminal is
grounded to cabinet.
Zero Inductance: Approx 1 J.LH.

Variation of inductance with frequency for the
1491 Decade Inductors.

940's Catalog
Description Total Steps Included Number

Decade Inductor
1491-0 Bench 11.11 H 0.001 H E, F,G, H 1491-9704

Rack~ 1491-9714
1491-G Bench 11.111 H 0.0001 H DO, E, F, G, H 1491-9707

Rack· 1491-9717

~ Federal stock numbers are listed before the Index.

198 INDUCTANCE DECADES AND STANDARDS GENERAL RADIO 1973 CATALOG



940-00

940 Decade-Inductor Unit

SPECIFICATIONS
Accuracy: Each unit is adjusted so that its inductance at zero
frequency and initial permeability will be the nominal value
within the accuracy tolerance given in the following table:

Frequency Characteristics: For any specific operating fre
quency, Figure 2 shows the percentage increase in effective
series inductance (above the value when f = 0), which is en
countered with the extreme settings of each of the five
decade-inductor units when the chassis is floating. Interpola
tion may be used for intermediate settings.

Each 940 Decade-Inductor Unit is an assembly of four
inductors (relative values, 1, 2, 2, 5) wound on molyb
denum-permalloy dust cores, which are combined by
switching to give the eleven successive values from 0 to
10. The decade switch has high-quality ceramic stator
and-rotor members and well-defined ball-and-socket de
tents. All contacts are made of a silver alloy and have a
positive wiping action.

are approximate and are based on the largest inductor in the
circuit for each setting.
Incremental Inductance: Dc bias current Ib will reduce the
initial inductance as shown in the incremental curves, Figure 1.

Catalog
Number

Inductance
Total Steps

RMS I, (mA)

Switch 0.1% 0.25% IncreaseSetting Increase

940-00 940-E 940-F 940-G 940-H

1 141 17

I
5.4

I
1.7

I
0.54

2,3,4 100 12 3.8 1.2 0.38
5,6,7,8,9,10 63 8 2.4 0.8 0.24

Storage Factor Q: See Figure 3:
Dc Resistance: Approx 45 n per henry.
Temperature Coefficient: Approx -25 ppm per degree C be
tween 16° and 32°C.
Max Safe Current: Approx 200 times the pertinent I, value (30
times for the 940-00). Max current engraved on dial.
Terminals: Solder lugs. Circuit insulated from chaissis.
Mechanical: Panel-mounting (hardware, dial plate, and knob
included). DIMENSIONS (wxhxd): 8x3.5x4.25 in. (204x89x
108 mm). WEIGHT: 3.5 Ib (1.6 kg) net, 6 Ib (2.8 kg) shipping.

Description

±0.6%

940-H

1H100 mH

±0.6%

940·G

lOmH

±1%

940-F940-E

1 mH

±2%±2%

100 J,lH

940-00

Inductance
per step

Accuracy

Unit

Change in Inductance with Current: Fractional change in initial
inductance with ac current for each type of toroid is shown in
the normal curves, Figure 1, in terms of the ratio of the operat
ing current, I, to I" the current for 0.25% change, solid line
(0.1 %, broken line). For ratios below unity, inductance change
is directly proportional to current. Values of I" listed below,

Decade Inductor
940-00

940-E <V
940-F <V
940-G <V
940-H <V

1 mH
0.01 H
0.1 H

1 H
10 H

100 ~,H

0.001 H
0.01 H
0.1 H
1H

0940-9810

0940-9705

0940-9706
0940-9707
0940-9708
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Figure 1. Percentage change in normal and
incremental inductance with ac and bias
current. Incremental curve is limited to an
ac excitation less than h.

Figure 2. Change in effective inductance
with frequency for the 940 Decade-Inductor
Units.

Figure 3. Variation of Q for the maximum
inductance of each 940 Decade-Inductor
Unit at low excitation levels. Dashed curves
correspond to use with chassis floating.

<V Federal stock numbers are listed before the Index.
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1710 INewl

RF Network Analyzer
for complete rf network analysis:

• wide sweep range, 3 decades, 0.4 to 500 MHz

• wide dynamic range, 115 dB

• fine resolution, 0.005 dB

• three channels

• 50-il and 75-il measuring circuits

• complex impedance and admittance measurement

• complex transmission and reflection

• direct-reading group delay and test level

• built-in variable-width marker

• pushbutton s-parameter selection .

• multiple displays including built-in polar

• fully programmable

/

Tailored capability The 1710 is a sophisticated, yet
simply operated system for accurate measurements of
magnitude, phase, and group delay of either of two sig
nals relative to a third reference signal; impedance and
immittance measurements are equally simple. The an
alyzer operates over a broad swept-frequency range of
400 kHz to 500 MHz and a wide dynamic range of 115 dB
in either 50- or 75-il systems.

Measurements can be made with a 10-kHz or a 100-Hz
bandwidth and the results can be displayed for one chan
nel only, both channels alternately, or as a vector differ
ence. The sweep is variable - as wide as 500 MHz or
as narrow as 1 kHz, with a choice of log or linear sweep
modes and a choice of sweep times from 10 ms to 100 s.
A built-in variable-width marker adds to the operating
ease.

The basic analyzer consists of a tracking sweep gen
erator, a tracking detector, and a processor - individual
units completely integrated into a single system and fully
programmable for use in computer-controlled systems.
An optional display oscilloscope, polar display capability,
and group delay capability can be added to increase the
usefulness of the basic system. Five measurement cir
'cuits are available to suit various applications and include
50-ohm and 75-ohm transmission tees, 50-ohm and 75
ohm transmission-reflection bridges, and, for the ulti
mate convenience and versatility, an s-parameter meas
uring set. A probe is offered for applications that require
immittance and impedance measurements.

Time-saving simplicity The 1710 provides complete
control over all parameters but does so with such sim
plicity that calibration, setup, and measurement proce
dures are reduced to little more than the push of a but
ton and the twist of a knob. Consider, for example, the
complete characterization of a 50-to-250 MHz amplifier.
CALIBRATE: Using a 75-il Transmission-Reflection
Bridge, set the 1710 controls to their marked initial
positions and check the system calibration.
SETUP: Set the sweep controls for the 50-to-250 MHz
frequency range and the desired sweep time, and set the

202 HIGH-FREQUENCY MEASURING SYSTEMS

sweep-generator power to the de
sired input level, as displayed on
the scope. Connect the 75-ohm am
plifier to the Unknown terminals.
MEASURE: Set the channel selec
tor to B and push the Both button
to observe the simultaneous phase
and magnitude characteristics
(either can be displayed individ
ually, if desired). Vary the input
level to measure the gain-com
pression and saturation character
istics or expand the magnitude
display to 0.025 dB per division
for a detailed look at the flatness
of the magnitude display (a sim
ple turn of the offset control will
keep the desired portion on
screen). Push the Delay button
to observe the group delay (which
can be displayed with the magni
tude information, when needed).

Set the channel selector to A to
measure both the magnitude and
phase of the return loss or set it
to AB Alternate for a simultaneous
measurement of gain and return
loss. For a polar plot, simply push
the Polar display button.

Precise data for all needs In all probability, the 1710
will characterize any 400 kHz-to-500 MHz device in your
facility and will do so with such speed, accuracy, and
simplicity that hours of valuable development or produc
tion time can be saved.

You can test nearly any passive device including filters,
cables, antennas, switches, di-plexers, couplers, atten
uators, components (resistors, inductors, capacitors) and
materials such as insulators, dielectrics, and semicon
ductors. Analyses of active devices are equally facilitated,
including complete circuits or networks, amplifiers, ac-
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convert to a polar plot, greatly adds to the convenience
and usefulness of the measurement.

The example shows the frequency response and phase
characteristics of a bandpass filter from 89 to 91 MHz.
A 50-!l Transmission Tee, together with the optional dis
play oscilloscope and polar display capability, makes such
measurements possible - quickly and precisely.

Filter comparison Having two measurement channels
greatly simplifies testing, particularly since the results
from both channels can be displayed simultaneously.
This capability is highly desirable for devices such as di
plexers, tees, or any other network containing one input
and two outputs. It is also useful for comparing one de
vice to another, such as a standard unit.

The response charac
teristics of two. 185-MHz
low-pass filters are dis
played to determine how
closely they match. They
were measured using a
50-!l Transmission Tee
and the built-in display
oscilloscope.

Delay equalization
Group-delay measure
ments can be made sim
ply and directly at the
push of a button with the
low-cost optional group
delay capability. The ex
ample shows the com
bined characteristic of
three cascaded delay
equalizers using a 50-!l
Transmission Tee.

High-attenuation filter response This doLJble exposure
demonstrates the ease with which wide-dynamic-range
measurements can be made. With normal gain, the en
tire response characteristics of the notch are not visible.
But, by the simple flick of a switch, an additional 20-dB
gain is inserted and the I NORMAL)

upper limit is increased to -0

100 dB. If des-ired, the 10

range can be further in- 20

creased to 115 dB by the :
use of rf substitution.

The measurements
were made on a 75-!l low
pass filter by the use of a
75-!l Transmission Tee.

Transistor s parameters The S-Parameter Measuring
Set provides measurements of S", S,2> S21' or S22' each at
the push of a button. External bias is easily applied and
a built-in line stretcher precisely establishes a reference
plane to eliminate the effects of coaxial-line lengths of
the mounts. Transistor mounts are available to accommo
date a wide variety of transistor and diode configurations.

,
SOOMIU

,
29.6Mttz

FREQUENCY

,
250MIU

FREQUENCY

FREQUENCY, lOG SWEEP

o
50WHz

-1011Hz

0-

eo- ,
O~NHz

TO-

29.6MHt
FREQUENCY

tive filters, monolithic or hybrid circuits, transistors, dio
des, and tubes. The S-Parameter Measuring Set is par
ticularly valuable for active devices and includes pro
vision for external bias to each measurement port.

Narrow-band-filter response The excellent frequency
stability, extremely low residual fm, and low spurious
signal level permit precise frequency response measure
ments of a wide variety of narrow-band filters. The fo+8f
sweep capability provides a simple, yet highly accurate,
method for detailed narrow-band analyses of selected
portions of the over-all response.

In this example, the characteristics of a crystal filter
with a nominal center frequency of 30 MHz are first
checked with a frequency resolution of 20 kHz per divi
sion and a magnitude resolution of 10 dB per. division.
A more detailed analysis is then made at 2 kHz per divi
sion to provide greater resolution around the center
frequency. The measurements were made with a 50-!l
Transmission Tee.

Cable attenuation and return loss The wide sweep
range provides a rapid means for comprehensive cable
measurements, and the simultaneous display of attenua
tion and return loss simplifies interpretation.

Here the attenuation
and return-loss character
istics of a 50-ohm cable
aSSemb\ are presented
on the isplay oscillo
scope. The signal to the
unknown (input level) was
set to -10 dBm and is
displayed simultaneously
with the attenuation(which
varies from 10 to 12 dB)
and the return loss (which is greater than 30 dB).

Amplifier gain vs frequency Amplifier-gain character
istics are readily determined from the simultaneous dis
play of the input level and output level. The wide sweep
range and the expanded-sweep feature permit displays
of the over-all response or detailed portions of it.

Depicted is gain vs
frequency of a vhf pre-
amplifier with a 30-MHz ~:

notch filter. Note that the 30-

input level to the ampli- ~ 40-

fier has been adjusted to
-40 dBm. To determine
the amplifier's saturation
characteristics, the input
level would be adjusted
from -40 dBm toward 0
dBm and the subsequent change in gain observed. Since
the measurement is automatic and the results are quickly
obtained, displays of this type are very useful for tuning
or otherwise adjusting wide-band circuits.

Bandpass filter characteristics Where both phase and
magnitude are important, the simultaneous display of
both on the rectilinear plot, plus the pushbutton ability to

GENERAL RADIO 1973 CATALOG HIGH-FREQUENCY MEASURING SYSTEMS 203



The measurements displayed are the s" character
istics of a transistor attached to the optional S-Parameter
Measuring Set by means of a 1607-P41 Transistor Mount.

Filter-response uniformity With a display resolution of
0.005 dB per minor division and the ability to select any
portion of the 400 kHz-to-500 MHz frequency range for
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observation, highly detailed and accurate analyses of re
sponse characteristics are not only possible but ex
tremely simple. A continuously adjustable display off
set from +100 to -100 dB is an additional aid in precisely
selecting the portion of
the characteristic that is
ot particular interest.

The ±0.05-dB response
uniformity of the 70-MHz
bandpass filter shown, for
example, is determined
easily by the high sensi
tivity of the analyzer. The
filter was connected to a
50-il Transmission Tee.

Error Analysis
E (system error) System error varies with the applica

tion and the measuring circuit as follows (for the worst
cases):

magnitude E = MC + 0 + FR + DR + CT + DO
phase E = MC + 0 + FR + DR + CT + DO
polar E = magnitude E + phase E + A
absolute-level E = 0 + FR + CT
group-delay E D + A

MC (measuring-circuit error) Measuring-circuit errors
are given in the specifications for the individual circuits.
For transmission measurements, MC is characterized by
the transmission frequency response (can be calibrated
out) and the equivalent-source and detector matches
(greater than 25 and 30 dB, respectively, under normal
operating conditions). For reflection measurements, MC
is characterized by the directivity and the reflection fre
quency response. For absolute-level and group-delay
measurements, the MC errors are small and are included
elsewhere.

D (display error) This term is associated with the op-

SPECIFICATIONS
Test Frequency: 0.4 to 500 MHz in 3 bands, (1) 0.4 to 5 MHz,
(2) 4 to 50 MHz, (3) 40 to 500 MHz. CW ACCURACY: ±2% of
dial setting. CW RESOLUTION: 3 digit with moving decimal;
last digit subdivided into 5 parts. CW STABILITY: 0.02% of
full bandllO min, after 1-h warmup. RESIDUAL FM: 100,
200, and 1000-Hz rms deviation in 100-Hz system bandwidth
for bands 1,2, and 3 respectively.
Sweep: MODES: Multiband log, single-band log or Linear,
linear fo + [',.1. In f o + [',.f mode, fo continuously adjustable
across full band; [',.f continuously adjustable from zero to full
band; 20% (fo + [',.f) over-range provided on bands 1 and 2;
also 9 calibrated [',.f positions in 1, 2, 5 sequence in each
band. MARKER: Intensified trace displays position of f o + [',.f
sweep in full band log or linear mode as well as top band of
multiband sweep. SWEEP TIME: 0.01, 0.1,1, and 10 s/band
calibrated, plus Xl to X10 continuous: Manual sweep mode
converts continuous Time multiplier to manual control. SYNC:
Free running, Line triggered, or single sweep selected by panel
control; pushbutton and external Trigger.
Test Level (to unknown(s)): 0 to -66 dBm in 10- and I-dB
steps plus continuous vernier ACCURACY: ±2 dB over full
frequency range. SOURCE OUTPUT: +13 dBm max to allow
for 13-dB measuring-circuit loss without comparable loss in
test-level range.
Measurement Channels: 2 independent measuring detectors
(A and B) in addition to a reference detector. MODES: A
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tional display oscilloscope and is equal to the 0.05 div I div
vertical linearity, the 0.05 divI div horizontal linearity, and
any operator-readout error.
FR (frequency-response error) This term can be cali
brated out.
DR (dynamic-response error) For magnitude measure
ments, there is one dynamic-response error term; for
phase measurements, there are two. For absolute-level
measurements, the dynamic-response error is included in
the frequency-response specification.
CT (crosstalk error) This is given by the crosstalk curve.
DO (display offset error) For magnitude and phase meas
urements, this term applies only when it is necessary to
expand the display about a position other than that used
for the initial calibration.
A (miscellaneous errors characterized by accuracy) For
polar measurements, this term defines the circle of con
fusion; for group-delay measurements, it includes errors
due to the measuring circuit, frequency response, dy
namic response, crosstalk, and display offset.

only, B only, A/ B alternate, A-B vector difference. CHARAC
TERISTIC IMPEDANCE: 50 or 75 .11 at measuring interface,
with 25-dB equivalent source match and 30-dB equivalent
detector match (with 1710·P50 or -P75).
Absolute Level Measurements: 80 dB (0 to -80 dBm). RESO
lUTION: 10 dBmjdiv. FREQUENCY RESPONSE (can be cali·
brated out): ±2 dB from 0.4 to 500 MHz.
Group-Delay Measurements (optional): 50, 10, 2.5, 10 ns/div
(400 to 8D ns full scale), where D = sweep time in msj sweep
width in MHz. RESOLUTION: 4D ns, limited by noise base.
DISPLAY OFFSET: +200 to -200D ns, continuous, with reso
lution of 0.2D ns. ACCURACY: 4D ns + 0.1 ns/ns, over a
20-dB magnitude range; 4D ns + 0.02 nsf ns with external
calibration of sweep time and sweep width.
Magnitude Measurements (loss or gain): >130 dB (0 to -110
dBm normal, -20 to -130 dBm with signal-channel matching
pad of + 14 dB removed and detector switch at reflection
+6-dB position). RESOLUTION: 10, 2.5, I, 0.25, 0.1, and
0.025 dB/div (80 to 0.2 dB full scale). Polar magnitude dis
played as radius of 4-in. dia circle with 0.02-in. spot dia; mag
nitude at 4-in. dia is adjustable over 80-dB range with zero at
center in all cases. FREQUENCY RESPONSE (can be cali
brated out): ±0.2 dB from 0.4 to 200 MHz, ±0.4 dB from 0.4
to 500 MHz. DYNAMIC RESPONSE: 0.2 ± 0.005 dB/ dB to
10 dB, ±0.1 dB/lO dB beyond 10 dB. CROSSTALK: See
curve. DISPLAY OFFSET: +100 to -100 dB, continuous, dial
resolution ±0.2 dB and accuracy ±0.001 dB/dB offset.
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S-Parameter Measurements (optional): When ordered as an
option for added capability, set is hous'ed with sweep gener
ator, detector, and processor in larger systems cabinet and
includes coaxial interconnections. When ordered as a retrofit
kit, set is housed separately from system in its own bench or
rack cabinet and does not include coaxial interconnections
071O-P50 required). GR 1607-P transistor-mount accesso
ries are directly compatible. MEASUREMENTS: S'" S'" S'" S2l,
s" and S2l, s" and s" and vector difference between two simi
lar parameters; push-button or remote selected. TRANSMIS
SION FREQUENCY RESPONSE (can be calibrated out): ±0.8
dB magnitude, ±6° phase. REFLECTION FREQUENCY RE
SPONSE: ±1.5-dB magnitude (short-circuit/ open-circuit),
±8° phase, DIRECTIVITY: 40 dB from 1 to 500 MHz, 45 dB
from 3 to 400 MHz; minimum frequency for 40-dB directivity
under bias (> 27 mA) is (bias in mA - 25) / 5.5, MHz. BI~S:

±25 V, 300 mA max. REFERENCE-PLANE EXTENSION: 100
mm, calibrated to O.l-mm increments. INSERTION LOSS
(source to unknown): 16 dB nominal. CHARACTERISTIC IM
PEDANCE: 50 n only.
Impedance and Admittance Measurements: The 1710-P5 Im
mittance Probe (available) provides measurements of imped
ance from 0.5 n to 1 Mn and admittance from 1 /LU to 2 U.
Displays magnitude and phase (i Z I Lep or IY I Lep) or polar
(R+jX or G+jB). MAGNITUDE ACCURACY: ±3% for decade
ranges at fixed frequency, for multidecade ranges see curve.
Add ±3° for sweep frequency. PHASE ACCURACY: ±1.5°
typical for fixed frequency, ±1Q0 for sweep frequency. POLAR
ACCURACY: Same as magnitude (see curve); for best accu
racy, the smaller of G or B should be> 1/10 the larger. BIAS:
Bias can be applied at rf input for tests of semi-conductor
devices. SUPPLIED: Probe tips with guard, BNC adaptor,

100-n Standard Calibrator, sweep adaptor cable, clip termi
nals, binding-post adaptor, GR900® adaptor, component test
stand, storage box.
Interface: PROGRAMMABILITY: Functions programmable by,
and data available as, analog or digital signals. Sweep func
tions not programmable but frequency programmable by ana
log voltage and digital band selection. RF level programmable
in 10-dB steps by BCD signal and 10 dB continuously by analog
voltage. All detector-channel SWitching and display-range
switching programmable by !ogic-Ievel inputs. X-Y OUTPUTS:
4 V full scale behind 100 n for recorder; pen lift output is
switch closure with 100-mA sink capability from ±12 V to
lower pen. COUNTER OUTPUT: 10 mV rms into 50 n below
6 MHz; frequency is local oscillator (test frequency + 80 kHz)
divided by 1, 10, or 100 on bands 1, 2, or 3. AUXILIARY I-F
OUTPUTS:. Magnitude linearly related to channel monitored;
80-kHz bandwidth at 80-kHz i-f; channels A, B, and reference.
SWEEP TRIGGER INPUT: 2 V required.
Display Oscilloscope (optional): Flat-faced rectangular crt with
P7 phosphor and 4 x 5-in. internal parallel-free graticule with
0.5-in. major divisions and O.l-in. minor divisions.
Polar-Display Capability (optional): MAGNITUDE: Displayed·
as radius of 4-in. dia circle with 0.02-in. spot dia; magnitude
at 4-in. dia is adjustable over 80-dB range with zero at center
in all cases. PHASE: 360° continuous, 10° / div on arc of 4-in.
dia circle. ACCURACY: O.l-in. circle of confusion in 4-in. dia
display. AUXILIARY GRATICULES (4 supplied): Linear and
dB radial scales with 10° phase intervals; full size for direct
viewing and parallax-corrected for photography.
Transmission Tees
(available): 50 n
1710-P1 (requires
1710-P50 Matching
Pad Cable Set), 75 n
1710-P4 (requires
1710-P75 Matching
Pad Cable Set). Three
way power dividers, 3 output ports. FREQUENCY: Dc to 500
MHz. FREQUENCY RESPONSE: Part of system specification.
INSERTION LOSS: 10 dB for 1710-P1, 8 dB for 1710-P4;
nominal.
Transmission-Reflection Bridges
(available): 50-n 1710-P2 (re
quires 1710-P50 Matching-Pad
Cable Set), 75-n 1710-P3 (re
quires 1710-P75 Matching-Pad
Cable Set). Include unknown,
reflection, and reference ports
and matched, open-circuit, and
short-circuit standards. FRE
QUENCY: 0.4 to 500 MHz.
TRANSMISSION FREQUENCY
RESPONSE (can be calibrated
out): ±0.8-dB magnitude, ±6° phase. REFLECTION FRE
QUENCY RESPONSE: ±1.5-dB magnitude (short circuit/open
circuit), ±8° phase. DIRECTIVITY: 40 dB frqm 1 to 500 MHz,
45 dB from 3 to 400 MHz. INSERTION LOSS: 12 dB for 1710
P2, 14 dB for 171O-P4; nominal.
RF Bridges (available separately): The basic bridges of the
1710-P2 and -P3 Transmission-Reflection Bridges are a"ail
able separately as the 874-BR and 874-BR (75 n) RF

IMr.
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Phase Measurements:
360° -180° to +180°
or 0 to 360°). RESO
LUTION: 50, 10, 2.5,
and 1° / div (360° to 8°
full scale). FRE
QUENCY RESPONSE
(can be calibrated 'out):

. ±2° from 0.4 to 200
MHz; ±4° from 0.4 to
500 MHz. DYNAMIC
RESPONSE: ±0.015 de
gree/ degree ±0.04 div
per major scale div;
±OS /10 dB (2° total
for 80 dB). CROSS
TALK: See curve. DIS
PLAY OFFSET: +200
to -200°, continuous,
with resolution of ±:0.2°
and accuracy of ±0.005
degree/ degree.
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Bridges. While these units can be used alone, in pairs, or
with the 17l0-P1 and -P4 to form special measuring cir
cuits and test fixtures for use with the 1710 RF Network
Analyzer, care must be taken to provide a reference signal of
suitable level.and frequency tracking. For most applications,
the 17l0-P2 and -P3 Transmission-Reflection Bridges, which
do provide the required reference signal, are recommended.
Transistor Mounts (available): Four versions, each accepts
up to 4 leads, which are "swallowed" so that lengths (up to
2 in.) and irregularities are of no consequence. Two versions
are for grounded-base measurements, two for grounded emit
ter or collector; they differ in pin spacing. The O.l-in. dia pin
circle is for semiconductor package types: TO-18, 28, 52, 54;
MT-30, 38; RO-44, 51, 64, 65, 66, 70, 73, 78; U-3; X-8, etc.
The 0.2-in. dia pin circle is for package types: TO-5, 9, 11, 12,
16,26,31,33,37,38,39, 43; MD-14; MM-4, 8; MT-13, 20,
23,37; RO-2, 3,4,5,10,24,30,33,34,46,48,49,50,61,
62,79, etc.
Termination Kit (available): Recommended to help establish
a zero-phase-reference plane at a koown position with respect
to the mount and the device under test. The 1607-P40 Termi
nation Kit includes the 874-UlO U-Line Section, 874-WN10
Short Circuit, and 874-W010 Open Circuit.

Power: 105 to 120 V, 50 to 60 Hz, 115 W max plus 50 W for
Display Oscilloscope plus 20 W for S-Parameter Measuring Set.

Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, with or without Display Oscilloscope, 19.5x14x20.7 in.
(495x356x526 mm); bench with S-Parameter Measuring Set,
19.5x17.2x20.7 in. (495x437x526 mm). WEIGHT: Bench
with no options, 76 Ib (35 kg) net, 96 Ib (44 kg) shipping, plus
17 Ib (8 kg) for Display Oscilloscope, plus 22 Ib 00 kg) for
S-Parameter Measuring Set.

Description

1710 RF Network Analyzer
Bench Model
Rack Model

Select following options, if desired
OP1 Display Oscilloscope
OP2 S-Parameter Measuring Set
OP3 Polar Display Capability
OP4 Group-Delay Measurement Capability

Options available for customer installation
OP1R Retrofit Kit (Display Oscilloscope)
OP3R Retrofit Kit (Polar Display)
OP4R Retrofit Kit (Group Delay)
1713 S-Parameter Measuring Set*

Bench Model
Rack Model

Service Kit, for maintenance ease, includes
3 extender boards, 2 GR874<iil adaptors with
SMA plugs, and a GR874·to·GR874 patch cord

Accessories Available
1710-P1 Transmission Tee (50 U)*
171O-P2 Transmission-Reflection Bridge (50 U)*
1710-P3 Transmission-Reflection Bridge (75 U)**
1710-P4 Transmission Tee (75 n)**
1710-P5 Immittance Probe, for impedance and

admittance measurements
1710-P50 Matching-Pad Cable Set (50 U)
1710-P75 Matching-Pad Cable Set (75 n)
Transistor Mounts, for S-Parameter Measuring

Set (OP2 or 1713)
With O.l-in. pin circle:

1607-P43, Grounded Base
1607-P44, Gnd Emitter or Collector

With 0.2-in. pin circle:
1607-P41, Grounded Base
1607-P42, Gnd Emitter or Collector
1607-P40 Termination Kit

----
* Requires a 1710-P50 Matching-Pad Cable Set (50 n).

** Requires a 1710-P75 Matching·Pad Cable Set (75 U).

Catalog
Number

(Describe
exactly as
shown on
the left.)

1710-9611
1710-9614
1710-9615

1713-9600
1713-9601

1710-9510

1710-9601
1710-9602
1710-9603
1710-9604

1710-9605
1710-9650
1710-9675

1607-9643
1607-9644

1607-9641
1607-9642
1607-9640

Extended Capability
These systems and accessories are available to extend

the performance and measurement versatility of the basic
1710 RF Network Analyzer. Inquiries are invited for a
system tailored to your particular laboratory or produc
tion needs.

2260 RF Network Analyzer System
This computer-controlled system is based on the 1710

RF Network Analyzer, providing accurate transmission
and reflection measurements from 400 kHz to 500 MHz.
Because of its high speed and operating simplicity, this is
an excellent investment for production applications and
design or research applications that involve a large num
ber of measurements.

The system typically includes a synthesizer and offset
generator, tracking detector and display processor, dis
play oscilloscope, computer and computer interface unit,
teletypewriter, rf interface unit, and desk console. Ac
cessories for both 50-ohm and 75-ohm measurements
are available as are such options as a synthesizer for
resolution to a fraction of 1 Hz, large-screen display
oscilloscope, special rf interface units, device adaptors
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and measurement adaptors, high-speed paper tape
reader or magnetic tape unit, X-Y plotter, and program
mable power supplies.

The 2260 RF Network Analyzer System is another in
the System's 2200 family - a family characterized by
high performance, simple programming and operation,
supreme flexibility, and relatively low cost.

...
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Synthesizer Systems
These systems incorporate a tracking synthesizer in

place of the normal tracking oscillator. The resultant
outstanding freq uency resolution and noise reduction
lend these systems to precision tests on narrow-band
devices such as crystal filters.

Dual-Processor Systems
For independent measurements of each unknown

channel, including separate settings of resolution, offset,
and bandwidth, the 1710 can be equipped with two
processors and two display oscilloscopes. This system
provides a wide variety of measurement combinations,
including simultaneous polar plots of return loss and
rectilinear plots of transmission characteristics or vice
versa, simultaneous displays of transmission group delay
and return loss, and displays of multiple characteristics
of a single parameter such as both a polar and rectilinear
display of transmission characteristics or return loss.

1715 Sampling X-Y Recorder
This recorder attaches simply to the 1710 and provides

a large, 8lf2xll- or llxl7-inch, recording of the measure
ments. It is an excellent accessory for applications where
permanent records are required, such as for statistical
analyses or documented performance verification. The
sampling feature provides fast, pushbutton recordings of
any oscilloscope display, even while the analyzer sweeps
at a very high rate, and is required to obtain hard-copy
group delay plots.

1716 Reference Storage Unit
The 1716 stores a reference or zero-line trace in a

digital memory so that it may be subtracted from subse
quent measurements as a frequency-response correction.
For example, with this accessory, a frequency-response
flatness of 0.025 dB can be achieved over the full 500
MHz operating band of the 1710 Network Analyzer.

1717 Counter-Marker Generator
The 1717 provides five continuously adjustable fre

quency markers on the display oscilloscope or X-V plotter.
The marker frequencies are precisely determined from
a digital counter incorporated in the unit.
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1641 Sweep-Frequency Reflectometer
• 20 MHz to 18 GHz

• direct reading in SWR and loss

• simple setup - accurate results

• unusually high directivity

• precalibr.ated operation

• complete - add only source

Simple setup The 1641 measures standing-wave
ratios from 1.005 to infinity and insertion loss from a to
50 dB over a frequency range of 20 MHz to 18 GHz
single or swept frequency and direct reading! It's not
just an indicator of transmitted and' return signals; it
contains all the required coaxial hardware including di
rectional couplers, detectors, and terminations. Once cal
ibrated, it requires no recalibration after range changes.

Accurate measurements The 1641 is an economical,
yet highly accurate, reflectometer with the added advan
tages of simplicity and speed of operation. Having few,
if any, intrinsic errors (residual or operational) this re
flectometer eliminates the need for computing correc
tions. You can spend your time making measurements,
not calculations.

Versatile measurements The GR sweep-frequency re
flectometer meets the requirements of most common in
dustrial and military specifications for production testing
and quality-control procedures. It can be used for the
adjustment of device parameters, data collection, and GO,
NO-GO testing against established limits.

The 1641 features a broad frequency band, displays
SWR and loss simultaneously, and incorporates a sweep
mode that is particularly useful for the search and iden
tification of resonances. Thus, cables and other trans
mission networks can be quickly analyzed, and filters,
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cavities, and couplers can be easily adjusted for the de
sired performance.

The unknown can be one-, two-, or multi-port, passive
or active, bi- or "unidirectional. Vital characteristics can be
measured of attenuators, isolators, power dividers, term
inations, loads, switches, couplers, amplifiers, and what
all. Antenna SWR measurements are a natural. By
measurement of the insertion loss through a transmission
path between two antennas, the characteristics of the an
tennas and those of the intervening dielectric material
can also be analyzed. The resolution of the 1641 even
permits measurements of connectors and other low-SWR
devices.

Automatic measurements The 1641 can be remotely
programmed, a feature that permits computer-controlled
tests and automatic data acquisition when programmable
sources and suitable data conversion, processing, and
recording instruments are used.

Signal source Although the 1641 depends on an ex
ternal source of test signals, its requirements aren't
stringent - 10 mW into 50 n or, for greater resolution,
100 mW. The source should be capable of la-kHz modu
lation and of output leveling controlled by signals from
the 1641. A source with I-kHz internal modulation can
be used.

Sweep-frequency display, the 1641-Z For a display of
sweep-frequency measurements, the 1641 can be or
dered with a Tektronix* Type R564 Storage Oscilloscope
and two Type 2A63 Plug-ins - completely assembled as
the Type 1641-Z Sweep-Frequency Reflectometer. Other
oscilloscopes, with a vertical sensitivity of 0.1 per cm and
a horizontal sensitivity to suit the selected sweep genera
tor, are adequate but a storage oscilloscope is recom
mended for use at the slow sweep rates required for low
level (Iow-SWR and high-attenuation) measurements.

* Registered trademark of Tektronix Inc.
-See GR Experimenter for March-April, 1969 and Octl Dec 1970.
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SPECIFICAnONS
Frequency: 20 MHz to 18 GHz, covered by 3 rf units with overlapping ranges, as tabulated.

RANGE of frequency, f 20 to 1500 MHz 0.5 to 7 GHz Ito 18 GHz

Measurement Accuracy for return-loss and SWR, % of 3%, fixed 6%, fixed 1 to 8%, fixed
r of device being measured, for large r. Specified for 4%, swept 11%, swept 4 to 11%, swept
fixed and swept frequency.

Directivity, min, significant for measurements of small 40dB 40dB,f<4 34dB,f<8
reflection coefficient r.' 36.5 dB, 4 < f 30 dB, 8 < f < 16

28 dB, 16 < f
Residual SWR, max, corresponding to above directivity 1.02 1.02, f < 4 1.04, f < 8

1.03,4 < f 1.068, 8 < f < 16
1.08,16 <f

Insertion-Loss Accuracy, where L is insertion loss (in ±0.1 dB ± 0.015 L, for fixed-frequency measurements
dB) of device being measured. Specified for fixed and ±0.3 dB ± 0.015 L, for swept-frequency measurements
swept frequency.

Equivalent Source Match (max SWR looking into the 1.03 1.02 + 0.02 fGH' 1.04 + 0.012 fGH,
unknown connector)' except 1.18, 12 < f

Residual Detector Match to unknown device, max SWR 1.01 + 0.007 fGH, 1.01 + 0.007 fGH, 1.02 + 0.005 fGH<

Connectors, for source GR874 GR874 Type N
for unknown device GR900, 14 mm GR900, 14 mm APC-7, 7 mm

* Also see curve.

Characteristic Impedance: 50 n, nominal.
RF Signal to Unknown Device: 100 p.W, typical.
SWR Ranges: 1.005 to 2.0 with source of 100 mW (l W max),
1.02 to co with source of 10 mW (l W max). Individual meter
scale ranges are 1.005 to 1.03, 1.02 to 1.10, 1.05 to 1.35,
1.2 to 2.0, and 2.0 to co.

Insertion and Return-Loss Ranges: 10 to 50 dB with source
of 100 mW (l W max), 0 to 40 dB with source of 10 mW (1 W
max). Individual meter-scale ranges 'Of 0 to 13, 10 to 23, 17
to 30, 27 to 40, and 37 to 50 dB.
Outputs: MODULATION: 10 kHz, on-off, positive and negative,
o to 15 V, 400-n internal impedance, 1-kn min load impe
dance. DC SIGNAL OUTPUT: ;;, 1 V into 1 kn.
Programmable Functions: Meter full scale, meter indication,
meter display (SWR, loss, or both), meter-scale lamps, and
display time constant are all remotely programmable by clo
sures to ground.
Supplied: WITH 1641 AND 1641-Z: Calibrated graticule for
Tektronix R564 oscilloscope, BNC-to-BNC and GR874-to-BNC
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Catalog
Number

1641-9601
1641-9602
1641-9603
1641-9605

Rack ModelsBench Models

Description

patch cords, and power cord. WITH 1641-9601 AND -9602
RF UNITS: 900-W100 Standard 100-n Termination, 900-WNC
Standard Short-Circuit Termination, 1641-9606 Transfer De
tector (l4-mm connector) and GR874 patch cord. WITH
1641-9603 RF UNIT: 1641-6904 Transfer Detector (7-mm
connector), and 1641-Pll Short/Open Termination.
Required: RF SOURCE: Fixed or swept frequency with 10- to
100-mW leveled output (l W max). OSCILLOSCOPE: Prefer
ably use a storage scope or dc recorder to display sweep
ffequency data- (fixed-frequency data are displayed on panel
meter). FOR 1641-9603 HIGH-FREQUENCY RF UNIT: 50-n
termination (Americon 7000-6100 or Weinschel 1404 GPA);
for source cables, at 1 to 13 GHz, standard type N patch cords
with male connectors, and at 13 to 18 GHz, 0.141 semi-rigid
cable with male type N connectors.
Available: Tektronix R564B oscilloscope with 2A63 Differen
tial Amplifier Plug-ins (included with 1641-Z), 1641-9605 Kit
including carrying case with GR900'" adaptors to N and SMA;
GR8748 adaptors to TNC, N, and BNC; and 900-W50 50-a
Standard Termination.
Power: 100 to 125 or 200 to 250 V, 50 to 60 Hz, 5 W max.

Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
1641 bench, 19.5x12x23 in. (495x305x584 mm); 1641 rack,
19x1.6.5x20.5 in. (483x419x521 mm). WEIGHT: 1641 bench
mainframe, 42 Ib (20 kg) net, 91 Ib (42 kg) shipping; 1641
rack mainframe, 35 Ib (16 kg) net, 84 Ib (38 kg) shipping;
1641-9601 RF UNIT, 13 Ib (6 kg) net. 1641-9603 RF UNIT:
3.5 Ib (1.6 kg) net.

1641 Sweep-Frequency Reflectometer
20 MHz to 1.5 GHz 1641-9702 1641-9712
20 MHz to 7 GHz 1641-9701 1641-9711
20 MHz to 18 GHz' 1641-9704 1641-9714
20 MHz to 18 GHz 1641-9705 1641-9715
500 MHz to 7 GHz 1641-9703 1641-9713
500 MHz to 18 GHz 1641-9706 1641-9716
1 GHz to 18 GHz 1641-9707 1641-9717

1641-2 Sweep-Frequency Reflectometer, with display oscilloscope
20 MHz to 1.5 GHz 1641-9902 1641-9912
20 MHz to 7 GHz 1641-9901 1641-9911
500 MHz to 7 GHz 1641-9903 1641-9913

Transfer Detectors, included (where appropriate) with 1641
and 1641-Z; not included with RF Units purchased separately
20 MHz to 7 GHz 1641-9606
1 GHz to 18 GHz 1641-9604

RF Units, to fill partially equipped models
20 MHz to 1.5 GHz
,500 MHz to 7 GHz
1 GHz to 18 GHz

1641-9605 Accessory Kit

, Includes all three RF Units
U.S. Patent Number 3,479,587.
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1602-9702
0874-9631
0874·9921
0874-9663

Catalog
NumberDescription

SPECIFICATIONS
Frequency: 40 MHz to 1.5 GHz, direct reading; to 20 MHz
with a frequency correction applied to susceptance reading.
Conductance: 0.01 to 4000 mu.
Susceptance: -4000 to +4000 mu.
Accuracy (both conductance and susceptance): ±(3% + 0.2
mU) for 0 to 20 mu, ±(3yM% + 0.2 mu) above 20 mU
(where M is scale multiplying factor), up to 1 GHz; ±(5% +
0.2 mu) to 1.5 GHz. For matching of impedances to 50" n,
accuracy is ±3% up to 1.5 GHz.
Supplied: Two 1602~p4 Terminations as conductance stan
dards, one 1602-P1 Adjustable Stub and one 1602-P3 Variable
Air Capacitor as susceptance standards, two GR874 patch
cords to connect to generator and detector, 1602-P10 and
-P11 Multiplier Plates, and a wooden storage case.
Required: GENERATOR: Must supply 1 to 10 V. GR high
frequency oscillators recommended. DETECTOR: Sensitivity
of 10 /LV needed. 1241 Heterodyne Detector recommended.
Available: 874-FBL Bias Insertion Unit, coaxial adaptors, line
stretcher, balun, component mount, Smith charts.
Mechanical: TERMINALS: GR874 coaxial connectors which
can easily be converted to type N or other common connector
types by means of GR874 adaptors. DIMENSIONS (wxhxd):
5.5x7.5x5.5 in. (140x190x140 mm). WEIGHT: 8.5 Ib (3.8 kg)
net, 18 Ib (8.5 kg) shipping.

1602-B UHF Admittance Meter 1>
874-LK20L Constant-Impedance Adjustable Line
874-UBL Balun
874-ML Component Mount

874-ML Component Mount for the connection of lumped
elements (resistors, capacitors, or inductors).

Description The 1602-8 UHF Admittance Meter com
prises three identical loops, in parallel, driving a null
detector and magnetically coupled to three coaxial lines.
All these lines are fed from the same voltage so the cur
rent in each line, hence the magnetic field, is proportional
to the terminating impedance. One of these lines is ter
minated with a standard resistance, one with a reactance
standard, and one with an unknown admittance. In op
eration, the coupling of the loops must be adjusted
simultaneously until a null is obtained on the detector.
Each loop has a calibrated scale and the settings at null
condition indicate the value of the unknown device.

Versatile building block This null-type instrument
measures complex impedance and admittance in coaxial
~ystems and, as a reflectometer, will deter"mine SWR,
Impedance" magnitude, and reflection coefficient magni
tude. It can be used to adjust a network to a predeter
mined admittance, to match one network to another, and
to match antennas and other networks to 50-ohm circuits.

A broad line of accessories adapts the 1602-8 to spe
cific measurements, for example:

Constant-Impedance Adjustable Line The 874-LK20L
can be set to one-half wavelength to eliminate corrections
for the length of transmission line between the unknown
and the measuring point. When the line is set to one
quarter wavelength, the Admittance Meter dials read in
impedance parameters, i.e., the series resistance and
reactance of the unknown.

874·UBL Balun for use with balanced impedances.

The Admittance Me"ter assembled for component measurements with
unit oscillator and 1241 Oetector. A line stretcher (Type 874-LKL)
connects the component mount to the unknown terminal of the Ad
mittance Meter.

• direct-reading conductance
and susceptance

• measures SWR directly

1602-8 UHF Admittance Meter
• 20 MHz to 1.5 GHz

o Federal stock numbers are listed before the Index.
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1606-8 Radio-Frequency Bridge
• 400 kHz to 60 MHz

• direct reading in ohms

• adaptable to coaxial connectors

• accurate, compact, simple operation

The 1606-B accurately and easily measures the resist
ance and reactance of antennas, transmission lines, net
works, and components. It is particularly well suited for
measuring low values of impedance of rf devices. Its
range can be extended by means of an external parallel
capacitor to measure high impedances.

Precision Coaxial Connections In this latest model of
the popular 1606 RF Bridge, the Unknown terminals are
adaptable to coaxial connectors, in particular the GR900.
This is a significant advantage that not only permits the
measurement of components having coaxial fittings but
also ensures better repeatability a'nd more accurate defi
nition of the measurement plane. This permits the 1606
to be precision calibrated against coaxial standards such
as the 1406 Coaxial Capacitance Standards and the vari-

SPECIFICATIONS

Ranges of Measurement

Reactance: ±5000 fi at 1 MHz. This range varies inversely as the
frequency; at other frequencies the dial reading must be divided
by the frequency in MHz.

Resistance: 0 to 1000 fi.

ous GR900® precision components: open- and short-cir
cuits, 50·, 100-, and 200-ohm Standard Terminations,
and the various lengths of precision air line.

Accessory Adaptor Kit With the 1606-P2 adaptor kit,
the 1606-B can be fitted to accept GR900 and GR874®
connectors (the adaptors include compensation to match
50-ohm standards and components). The kit will also
adapt to a 14-mm flange connector (a GR900 flange is
included to convert GR900 connectors), or to other com
mon connectors (N, BNC, TNC, etc) by the use of GR900
adaptors.

Description Measurements are made by a series-sub
stitution method in which the bridge is first balanced with
a short circuit across the Unknown terminals. The short
is then removed, the unknown impedance connected,
and the bridge rebalanced.

The entire mechanical design is such that the instru
ment can operate under difficult environmental condi
tions similar to those specified for testing military elec
tronics equipment. The 1606-B bridge is therefore an
excellent instrument for field use.

Accuracy

Reactance: At frequencies up to 5 MHz, ±2% ±(1 + 0.004 Rf) fi; 5
to 50 MHz, ±2% ±(1 + 0,0008 Rf) fi; where R is the measured re
sistance in ohms and f is the frequency in MHz.

Resistance: At frequencies up to 50 MHz,

± [ 1% + 0.0024f2 ( 1 + 10~0)% ± lO-;X fi +0.1 fi ]

(where X is the measured reactance in ohms). Subject to correc
tion for residual parameters.

Available: 1606-P2 PRECISION COAXIAL ADAPTOR KIT.
Mechanical: Bench cabinet. DIMENSIONS (wxhxd): 12.5x
9.5x10.25 in. (318x242x261 mm). WEIGHT: 23 Ib 01 kg)
net, 30 Ib 04 kg) shipping.

SPECIFICATIONS FOR 1606-P2
Capacitance Added: By adaptor to GR900, 0.38 pF at refer
ence plane (less fringing capacitance); by flange adaptor, 0.18
pF.
Weight: Net, 100z (283 g); shipping, 12 oz (340 g).

Frequency: 400 kHz to 60 MHz.
Satisfactory but somewhat less accurate operation can be

obtained at frequencies as low as 100 kHz and somewhat
above 60 MHz.
Generator: External only (not supplied), to cover desired fre
quency range. Recommended, Type 1211-C and Type 1215-C
Unit Oscillators, Type 1330-A Bridge Oscillator, Type 131O-A
Oscillator, Type 1003 Standard-Signal Generator.
Detector: External only (not supplied). A well shielded radio
receiver is recommended.
Supplied: 2 leads of different lengths to connect unknown im
pedance to bridge terminals; 1/2-in. spacer and 3M-in. screw to
mount component to be measured directly on bridge termi
nals; 874-R22LA Patch Cord.

<$> Federal stock numbers are listed before the Index.

Description

1606-B Radio-Frequency Bridge <S>
1606-P2 Precision Coaxial Adaptor Kit

Catalog
Number

1606-9702
1606-9602
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874-LBB Slotted Line

Typical measurement setups showing use of slotted line, SWR indicator
(upper) and heterodyne detector (lower).

0874·9651
0874-9521

0874·9652

Catalog
Number

probe rides on a carriage driven by a pulley-and-cord
linkage conveniently operated from one end of the line.
A source of about one milliwatt rf power is adequate for
most measurements. The detector can be a I-kHz stand
ing-wave indicator such as the GR 1234 or a heterodyne
detector such as the GR 1241. In the former case, rf
detection takes place in a diode detector built into the
carriage.

Description

874-[BB Slotted Line

874-EKA Basic Slotted-Line Kit
874-lV Micrometer Vernier

SPECIFICATIONS

Frequency: 300 MHz to 8.5 GHz, usable to 9 GHz. Operates
below 300 MHz (where probe travel equals V2 wavelength) if
extended with lengths of GR874 air line or with another slotted
line in series.
Probe: TRAVEL: 50 cm; scale in cm with 1 mm per division.
SCALE ACCURACY: ±(0.1 mm + 0.05%). PICKUP CON
STANCY (flatness): ±1.25%.
SWR: <1.01 + 0.0016 (fGH,)' up to 7.5 GHz, <1.10 to 8.5 GHz.
Characteristic Impedance: 50 fi ±0.5%.
Supplied: Storage box, rf probe, 2 microwave di"odes, Smith
Charts.
Required: 874-D20L Adjustable Stub for tuning diode when
audio-frequency detector such as GR 1234 is used, suitable
generator and detector, one each 874-R22LA and 874-R22A
Patch Cords.
Available: Oscillators, power supplies, sow meter, detectors,
50-fi air lines, adaptors, and terminations.
874-LV Micrometer Vernier:
For precise measurements
of high SWR (>10) by width
of-minimum method, and
for precise phase measure
ments.· Micrometer head,
calibrated to 0.001 cm, is
mounted on arm that at
taches to rear base rod of
slotted line. One turn of
barrel advances head 0.5 874-lV Micrometer Vernier
mm; maximum range is 2.5
cm, can be read to ±0.002
cm.
874-EKA Basic Slotted-Line Kit: For SWR and impedance
measurements. Includes 874-LBB Slotted Line (does not in
clude generator and detector); 25-ft ea of 874-A2 and -A3
coaxial cable; 2 ea 874-BBL, -B, -CA, -C8A, -CLA, -C58A,
-CL58A, -PL58A, and -PRL58A connectors; 874-D20L and
-D50L adjustable stubs; 874-LAL adjustable line; 874-QBJL,
-QNJL, and -QNPL adaptors; 874-R22A, -R22LA, and -R34
patch cords; 874-TL tee; 874-W50BL, oWN, and -WO termina
tions, 874-TOK tool kit; and 874-Z stand.
Mechanical: DIMENSIONS (wxhxd): 26x4.5x3.5 in. (660x114x
89 mm). WEIGHT: 8.5 Ib (3.9 kg) net, 23 Ib (11 kg) shipping.

GA 1234
STANDING-WAVE

N£TER

87LLBB
SlOTTED UNE

GR IZle OSC'UATOR WITH
MODULATING POWER SUPPL:1

OSCiLLATOR

~~~~.NPORT
81~a~(--ro- LOW-PASS

POWER FILTER 874-G
SUPPLY ATTENUATOR

A basic UHF measurement tool A slotted line is one of
the most important basic measuring instruments in high
frequency work. It is used to determine the standing-wave
pattern of the electric field in a coaxial transmission line;
from this knowledge, several circuit characteristics can
be determined of a circuit connected to the load end of
the line. For example, the degree of mismatch (usually
expressed as SWR) between the load and the transmis
sion line can be calculated from the ratio of the maximum
amplitude of the wave to the minimum. The load imped
ance can be calculated from the SWR and the position
of the voltage minimum on the line. Electrical length and
time delay can also be measured accurately. These ca
pabilities make the slotted line a valuable instrument for
measurements on antennas, components, coaxial ele
ments, networks, transistors, and diodes.

• 300 MHz to 9 GHz

• low residual SWR

• rugged construction

• many lines in one with GR874® adaptors

Twenty-two lines in one The 874-LBB can be converted
in seconds to interface with any of the popular UG con
nectors by use of GR874 low-SWR adaptors, available for
BNC, C, HN, Microdot, N, SMA, SC, TNC, GR900, and
Amphenol APC-7 connectors. A complete set of adaptors
will convert the 874-LBB into the equivalent of 22 low
SWR slotted lines.

The 874-LBB is a 50-ohm, air-dielectric coaxial line
whose electric field is sampled by a probe that projects
through a longitudinal slot in the outer conductor. The
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900-LB Precision Slotted Line

Specified residual SWR of the 900-LB Precision Slotted Line in combina
tion with various GR90()@ precision adaptors.

Included with the slotted line is a full set of acces
sories; no additional parts are needed for common meas
urements, except the generator and detector, which
should be selected according to frequency range of
interest.

information he needs to evaluate the over-all performance
of devices and networks over a wide band.

The outstandingly low SWR of the 900-LB should save
users the many hours required to calibrate less accurate
instruments.

Equipped with the appropriate GR900 low-SWR adap
tor, the 900-LB becomes a type-N slotted line (or BNC,
or TNC, etc) whose specifications still exceed those of
slotted lines originally equipped with that connector (see
curve below).

I I I J---
Slo\~'>+-- '-- I l.-

I-I--~NC.C. sC w' - f.-aNC. GR874

/'
I-- ~'iPE~ 7rnrn I

~ ...Ir.R900 Ir IREeT

7 8
1700-"-J."

3 4 5 6
FREOUENCY GHz

2

a: 1.06
~
VI 1.04

LlO

1.08

Unparalleled precision The most precise coaxial con
nector, the GR900, and a nearly perfect section of coaxial·
transmission line combine to give the 900-LB ·Precision
Slotted Line unparalleled performance specifications. The
residual SWR of the instrument is that of its GR900®
connector: 1.001 + 0.001 fGHz' For those whose applica
tions demand the ultimate in accuracy, the 900-LB can
be calibrated against a 900-LZ Reference Air Line, an im
pedance standard with a SWR under 1.0025 at 9 GHz.

In the field of microwave impedance measurement, the
slotted line is the fundamental instrument, because of its
inherent accuracy, broadband characteristics, and phase
measuring capabilities. Among the many transmission
line parameters that can be determined with the slotted
line are SWR, reflection-coefficient magnitude and phase,
attenuation or insertion loss, and wavelength. The admit
tance or impedance of source or termination can be meas
ured; so also can transistor and diode characteristics and
dielectric constant. It gives the design engineer all the

• 300 MHz to 8.5 GHz

• extremely low SWR

• impedance is 50 !l ± 0.1 %

• adaptable with precision to other connectors

Supplied: Adjustable probe-tuner assembly, rf probe, microm
eter carriage drive accurate to 0.01 mm, 900-WN Precision
Short-Circuit Termination, 900-WO Precision Open-Circuit Ter
mination, 874-R22A Patch Cord, 874-Q9000L adaptor, 1N21C
and 1N23C detector diodes, Smith charts, storage case.
Required: Generator and detector.
Mechanical: DIMENSIONS (wxhxd): 27.5x10x4.75 in. (699x
254x121 mm). WEIGHT: 11 Ib (5 kg) net, 34 Ib (16 kg)
shipping. .

SPECIFICATIONS
Frequency: 300 MHz to 8.5 GHz. Operates below 300 MHz
(where probe travel equals 1(2 wavelength) if extended with
lengths of GR900 air line or with another slotted line in series.
Probe: TRAVEL: 50 cm; scale in cm. SCALE ACCURACY:
±(0.1 mm + 0.05%). Attached vernier resolution is 0.1 mm
and micrometer carriage-drive resolution is 0.002 mm. PICK
UP CONSTANCY (flatness): ±O.5%.
SWR: <1.001 + 0.001 fGH, (unknown connector side), calibra
tion data supplied.
Repeatability: Within 0.05% (0.0005 SWR).
Characteristic Impedance: 50 il ±0.1%. CONTACT RESIS- '
TANCE (90b-BT connector): <0.57 mil.

Description

900-LB Precision Slotted Line ~

Catalog
Number

0900-9651

~ Federal stock numbers are listed before the Index.
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measurements on nonlinear elements, measurements
that require a high degree of harmonic rejection and the
use of a low-level test signal. The expanded I-dB full
scale range (equivalent to 1.12 SWR) makes possible
very accurate low-SWR measurements at low signal
levels.

Block diagram of the heterodyne detector

The system Each 1241 consists of an 874-MRAL
Mixer, 1236 '-F Amplifier, 874-G10L 10-dB Pad, and
874-EL-L 90 0 Ell , plus an oscillator and filter. For max
imum shielding, components are equipped with locking
GR874® connectors (which can be used interchangeably
with the nonlocking type).

The frequency range can be extended by the use of
oscillator harmonics, but with reduced sensitivity and
dynamic range. To cover wide frequency ranges eco
nomically, it is recommended that you obtain one com
plete 1241 detector plus the appropriate oscillators and
filters for the additional frequency ranges desired.

The 1241 is a general-purpose, highly sensitive high
frequency detector system for relative signal-level meas
urements and for use as a null detector. The excellent
shielding makes it suitable for low-level measurements in
the presence of high-level external fields.

Gain, loss, signal level The 1241 can be used to meas
ure insertion loss and attenuation, crosstalk in multiter
minal devices such as switches, and antenna gain and
radiation patterns. It can also be used as a field-strength
indicator and as a laboratory high-frequency receiver.
Signal levels can be measured over an 80-dB range, even
more with the use of external attenuators.

Rf voltmeter When calibrated at one signal level and
frequency with the aid of a standard-signal generator, the
1241 can be used as a selective voltmeter, in a 50-ohm
system, at that frequency.

Detector This is the recommended null detector for
the 1602-B UHF Admittance Meter and is an excellent
standing-wave indicator for use with the 874-LBB and
900-LB Slotted Lines. The 1241 is particularly useful for

• high sensitivity

• choice of bandwidth

• agc for null detection

• 70-dB calibrated attenuator

• expanded scale

1241 Heterodyne Detector
40 to 2030 MHz

SPECIFICATIONS

Frequency (in MHz):
Local Oscillator~

Fundamental
2nd harmonic"
3rd harmonic **
4th harmonic"
Filter Supplied

1363

40' to 530
82 to 1030

138 to 1530
194 to 2030
874-F500L

1362

190 to 950
410 to 1870
630 to 2790
850 to 3710
874-FlOOOL

121S·BV

870 to 2030
1770 to 4030
2670 to 6030
3570 to 8030
874-F2000L

Mechanical: Bench or rack models. DIM ENSIGNS (wxhxd):
19x7x8.25 in. (483x178x210 mm) except 1241-9704 and
-9705 are 14 in. (386 mm) high. WEIGHT: 1241-9700 and
-9701, 20 Ib (10 kg) net, 26 Ib (12 kg) shipping; 1241-9702
and -9703, 24 Ib (11 kg) net, 30 Ib (14 kg) shipping; 1241
9704 and -9705, 29 Ib (14 kg) net, 35 Ib (16 kg) shipping.

• 40 MHz is the practical low-frequency limit.
•• For harmonic operation, the appropriate low-pass filter must be used. Description

Catalog
Number

Sensitivity: 4 p.V behind 50 n (-100 dBm) typical for 3-dB
meter deflection over residual noise reading (narrow band
width).
Electrical: MIXER: GR 874-MRAL Mixer. INPUT TERMINAL:
Locking GR874 coaxial connector.
Power: 105 to 125 or 210 to 250 V, 50 to 60 Hz, 40 W max.

1241 Heterodyne Detector
40 to 530 MHz, with 1363 oscillator, Bench Model

Rack Model
190 to 950 MHz, with 1362 Qscillator, Bench Model

Rack Model
870 to 2030 MHz, with 1218-B., oscillator, Bench Model

Rack Model
1237·A VHF/UHF Preamplifier, recommended to provide

local-<lscillator isolation and improved sensitivity

1241·9700
1241·9701
1241·9702
1241·9703
1241·9704
1214-9705

1237·9700
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12361-F Amplifier

- See GR Experimenter for July-Aug 1967.

and precise data. It will also find application in noise
figure measurements.

An excellent companion to the 1236 is the 1237 VHF I
UHF Preamplifier. Use it as a superheterodyne preamp
(ahead of the mixer) for even better sensitivity and meas
urement accuracy than you get with the 1236 alone.

Precision detector systems The 1236 I-F Amplifier is
available in combination with an appropriate local oscil
.Iator (power supply for which is built into the 1236),
mixer, low-pass filter, an additional preamplifier, and
connecting coaxial components to make up complete
precision test receivers. These Type 1241 Heterodyne
Detectors are available for use in anyone of three fre
quency ranges from 40 to 2030 MHz.

SPECIFICATIONS

Frequency: CENTER FREQUENCY: 30 MHz. BANDWIDTH:
= 4 MHz wide band, = 0.5 MHz narrow band, selected by
panel switch.
Sensitivity: 3.5 p.V narrow band, 9 p.V wide band, open-circuit
voltage behind 400 n for indication 3 dB above noise level.
NOISE FIGURE: 2 dB, typical. PREFERRED SOURCE IMPE
DANCE: 400 nll7 pF (equivalent of 874-MRAL Mixer).
Meter: SCALE: -2 to 10 dB normal, with ±0.2-dB linearity
over 0 to lO-dB range; 1 dB full scale expanded (1.12: 1 SWR)
with ±0.03-dB linearity; 40-dB min range, compressed scale.

Gain: ATTENUATOR: 70 dB in 10-dB steps with ±(O.l dB +
0.1 dB/lO dB) accuracy at 30 MHz; lO-dB min range con
tinuous gain control.
Outputs: VIDEO (modulation): 1.5 V max behind 600 n, I-MHz
bandwidth. I-F: 0.5 V max into 50 n. POWER SUPPLY: 150
to 300 V dc adjustable, at 30 mA, regulated; 6.3 V ac' at 1 A.
Available: GR 1362, 1363, and 1218-BV as local oscillators,
874-MRAL Mixer, low-pass filters, attenuators, adaptors, 1237
VHF / UHF Preamplifier.
Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): 8x7.38x8 in. (213x187x213 mm). WEIGHT: 131b (6 kg)
net, 15 Ib (7 kg) shipping.

• 30-MHz precision lab receiver

• bandwidths: 0.5 and 4 MHz

• 2-dB noise figure, 3.5-JLV sensitivity

• preamplifier and 70-dB attenuator

• expanded scale

Precision laboratory receiver The 1236 will meet the
many critical demands placed upon a precision labora
tory receiver. More than an amplifier, it is a .complete
30-MHz measuring receiver with preamplifier, wide-range
calibrated attenuator, and a large meter with normal,
expanded, and compressed scales. The high sensitivity,
or low noise figure, with narrow bandwidth will provide
good small-signal performance and noise rejection for
excellent measurement accuracy. The availability of a
wider bandwidth also greatly simplifies use at higher fre
quencies where sources are generally less stable.

Gain stability during a measurement is ensured by a
fully regulated power supply; 10% line-voltage variations
change gain less than 0.05 dB. Frequency stability of
your local oscillator can be achieved by use of the 30-MHz
i-f output of this amplifier to drive an external afc loop.

Precision attenuation measurements You can measure
large values of attenuation easily with the 1236, owing to
the wide dynamic range of its preamplifier and attenuator.
A I-dB full-scale, expanded meter scale is provided,
which facilitates measurement of small values or changes
in attenuation. A continuous gain control permits setting
initial readings for easy subtraction in substitution meas
urements.

Precision SWR measurements The 1236 is recom
mended for the most precise SWR measurements, of both
high and low values. The expanded scale is equivalent to
1.12:1 full scale. The high sensitivity of the 1236 per
mits the SWR of solid-state devices to be measured at
signal levels low enough to avoid the effects of device
nonlinearity.

As a null detector, the 1236 offers the advantages of
its compressed (agc) meter scale for convenience in rap
id null balancing and its high sensitivity for sharp nulls

Description

1236-I-F Amplifier

Catalog
Number

1236-9701
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1234 Standing-Wave Meter
SPECIFICATIONS

Frequency: 1 kHz, adjustable ±30 Hz. BANDWIDTH: 10 to
100 Hz, adjustable with constant gain.

Input: Crystal Bolometer
Optimum 35kfl 20kfl 2kfl 200fl 2000source R
Input Z IMfl 350kO,f80H 35kfl,f8H 3.5kfl,fO.8H 3.5kfl,fO.8H
se~f~:ivitY 1.2"V I"V O.32"V O.I"V O.I"V
Noise' O.12"V O.12"V O.036"V O.OI2"V 0.012~V

'Equivalent input noise level with optimum source resistance and
minimum bandwidth.

Meter: SCALES: SWR, 1 to 4, 3.2 to 10, 1 to 1.2, and 1 to
1.05; 0 to 10, 1.6, and 0.45 dB; bolometer current, 0 to 10
mAo ACCURACY: ±(0.01 dB + 2% of reading) for 10-dB
scale; ±0.02 dB for 1.6-dB scale, ±0.007 dB for 0.45-dB
scale. SPEED: Slow and Fast, switch selected.
Gain: ATTENUATOR: Thr1~e separate attenuators: 20 dB in
lO-dB steps with ±0.1 dB/I0 dB accuracy, 45 dB in 5-dB
steps with ±0.05 dB!5 dB accuracy (for source R < 1.5 times
optimum listed in table) and < O.I-dB cumulative error, 5 dB
in I-dB steps with ±0.01 dB! dB accuracy and < 0.03-dB
cumulative error. GAIN CONTROL: 6-dB range with coarse
and fine controls.
Bolometer Bias Current: 4.3 and 8.7 mA, adjustable ±10'Yo.
Voltage limited for bolometer protection.
Outputs: DC: 1.5 V max behind 1.5 kil. AC: 100 mV rms
(SWR range 1 to 4), 300 mV rms (SWR 1 to 1.2), and 1 V rms
(SWR 1 to 1.05); 500-il source impedance; limitation on load,
R>6 kil.
Power: 100 to 125 or 200 to 250 V, 50 to 60 Hz, 4 W max;
or 22 to 35 V de at 90 mA from ext battery (use 1538-P3
Battery and Charger).
Mechanical: Flip-Tilt case. DIMENSIONS (wxhxd): 8.38x8.75x
11.25 in. (213x222x286 mm). WEIGHT: 9 Ib (4.1 kg) net,
13 Ib (6 kg) shipping.

• SWR ranges 1.05 to 4, full scale

• large meter with light-keyed scales

• precision attenuators

• highly sensitive

Precise SWR measurements The 1234 Standing-Wave
Meter incorporates many features to simplify its primary
use in measuring SWR with a slotted line, such as the
GR 874-LBB or the 900-LB Precision Slotted Line. Accu
rate measurements of low voltage SWR are possible with
the expanded 1.05 scale on the oversize meter face.
Reading the wrong meter scale is virtually impossible,
as the correct one is identified automatically by a small
light, right at the end of the scale.

You have fingertip control over (1) fine tuning of the
I-kHz amplifier, to permit matching exactly the frequency
of the modulating oscillator, (2) bandwidth, for optimiz
ing signal-to-noise ratio without affecting amplifier gain,
and (3) meter damping, for the right balance between
smoothing and speed of response. These controls, plus
the other usual ones, give you adequate means to select
appropriate measuring characteristics for a wide variety
of important tasks.

Precise attenuation measurements In attenuation
measurements, the 1234 also offers many particular ad
vantages. Three precision attenuators have a total range
of 70 dB in 1-, 5-, and lO-dB steps. Meter scales and at
tenuators are calibrated for use with a square-law detec
tor. Readings can be interpolated with extremely high
resolution on the 1.6- and GA5-dB full-scale meter
ranges. A special "memory" dial behind the wide-range
5-dB/ step attenuator knob permits you to make substi
tution measurements rapidly, without subtraction, and
therefore with little possibility of error..
-See GR Experimenter for February 1968.
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Description
1234 Standing-Wave Meter
1538-P3 Battery and Charger

Catalog
Number
1234-9701
1538-9603
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aaO-DCA Precision Directional Coupler
The 880-DCA is a precision unidirectional 50-ohm

coupler with excellent response from 3 GHz to 18 GHz
and the highest directivity of any high-frequency or broad
band coupler available. Its wide frequency coverage
eliminates the need for three, or even four, separate oc
tave couplers with their attendant expense and nuisance
in broadband measurements.

Precise tracking of one unit to the next and the lowest
SWR of any broadband coupler make the 880-DCA a valu
able asset to your reflectometer or network-analysis appli
cation. This coupler is also well suited to signal leveling
and power or SWR measurements. Altogether, it is a
most useful component for your microwave standards
lab or new microwave instrumentation.

SPECIFICATIONS
Frequency: 3 to 18 GHz.
Directivity: 34 dB to 8 GHz, 30 dB to 18 GHz; see curve.
SWR (main line): 1.12 to 14 GHz, 1.16 to 18 GHz.
Electrical: IMPEDANCE: 50 n. INPUT: Main line 5 kW/..,;TMH; max.
Auxiliary line, 2 W max. INSERTION LOSS: 0.4 dB max, including
coupled power. COUPLING: 18 ±2 dB to 18 GHz; see curve. TRACK
ING (unit to unit): ±0.6 dB.
Mechanical: IEEE 7-mm (APC-7) connectors. DIMENSIONS (wxhxd):
5.75x3.3x1.34 in. (146x87x34 mm). WEIGHT: 0.9 Ib (0.4 kg) net, 2 Ib
(1 kg) shipping.
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Description

880-DCA Precision Directional Coupler

Catalog
Number

0880-9500

1237 VHF/UHF Preamplifier

Typical noise figure, gain, and reverse attenuation characteristics of the
VHF/UHF preamplifier.

SPECIFICATIONS
Frequency: 150 kHz to 1 GHz.
Gain: > 10 dB; see curve.
Electrical: REVERSE ATTENUATION: > 43 dB to 700 MHz. NOISE: See
curve.
Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 1.5 W; or 9 V dc,
18 mAo
Mechanical: Locking GR874® connectors for input and output. DIMEN
SIONS (wxhxd): 6.25x3.69x2.5 in. (159x94x64 mm). WEIGHT: 1.5 Ib
(0.7 kg) net, 3 Ib (1.4 kg) shipping.

1237 VHF/UHF Preamplifier 1237-9700
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• 150 kHz to 1 GHz

• 10- to 30-dB gain

• >43-dB isolation

The 1237 is a low-noise, i.ow-Ievel, transistor amplifier
for use as a general-purpose amplifier, preamplifier, and
isolator, from 150 kHz to 1 GHz. In many applications, it
will provide the sensitivity you need for sophisticated
measurements with precision (without the need for high
test voltages). It is particularly useful in a heterodyne
detector system, used with a bridge.. As a component in
a small-signal measurement system, the 1237 also re
places a local-oscillator trap or isolator that might other
wise be needed to isolate the receiver local-oscillator
signal from the measurement instrument, bridge, or de
vice under test. The reverse attenuation of the 1237 con
veniently provides such isolation. A 30-MHz notch filter
in this preamplifier effectively blocks noise at that fre
quency, noise that might otherwise pass through a mixer
into a following i-f amplifier tuned to 30 MHz, such as the
GR 1236, and reduce its sensitivity.

The signal detection system that employs a modulated
signal, envelope detector, and tuned audio amplifier is
usually not so sensitive as a heterodyne detector. How
ever, with the broadband gain of one or two 1237's added
ahead of the envelope detector, the sensitivity of this
method approaches that of a heterodyne detector and
gives the benefits of wide-band operation without need
for a local oscillator.

The 1237 VHF/UHF Preamplifier consists of a three
stage solid-state amplifier, a 30-MHz stop-band filter, and
an ac power supply. It will operate from a g-V external
battery for field use or for isolation from the power line.
- See GR Experimenter for Marchi April 1969.
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Frequency Synthesizers

de to 500 MHz

Frequency synthesizers combine the features of a fre
quency standard with those of a tunable oscillator to pro
vide a highly accurate, yet tunable, output. In addition,
most synthesizers provide digital frequency selection for
precise resettability and a supremely clean output. Use
them for the most reliable and repeatable measurements.

General Radio synthesizers also offer add-on design
so you need purchase only the capability you require.
They also include provision to be externally locked to, or
driven by, an external frequency standard for unlimited
accuracy and repeatability from one unit to the next. All
can be remotely programmed for systems use and most
offer a search-sweep mode; one even provides you with
a built-in automatic sweep.

The GR selection of synthesizers covers the frequency
range from de to 500 MHz with resolutions as fine as
0.0001 Hz. Choose among nine basic types and over 386
variations plus models specially tailored to your specific
requirements. If you don't see exactly what you need on
the following pages, ask. .

Applications for frequency synthesizers include those
normally associated with signal generators and frequency
standards. Synthesizers are also uniquely qualified for
a variety of other uses:
• For measurements on sharply tuned devices: The sta

bility and resolution provided by a synthesizer may be
absolutely necessary. A crystal filter with a Q of 10,000,
for example, has half-power points only 50 ppm away
from the resonant frequency.

• For precise frequency determination of nuclear mag
netic resonance and electron paramagnetic resonance
or for heterodyne frequency measurements, where you
need answers continuously and without any ±l-count
uncertainty.

• For the study of lock range, capture range, and loop
stability of active bandpass filters found in frequency
multipliers and phase-locked telemetry loops.

• For the control of communications transmitters and
receivers or for the measurements of drift between a
fixed-frequency standard and an unknown frequency.
A natural companion to the synthesizer is a program-

mable attenuator. Refer to the GR 1452, for accuracy in
level control, over 80 dB, in I-dB steps.
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Oscillators

500 kHz to 2 GHz
General Radio offers a series of seven low-cost, com

pact oscillators that provide continuous coverage from
500 kHz to 2 GHz, with single-dial control and outputs
in the order of several hundred milliwatts. By appro-
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priate choice of power supply, you can secure from these
oscillators (1) maximum power, (2) optimum frequency
stability with minimum residual fm and a-m, (3) pulse
and square wave modulated output, (4) amplitude-regu
lated output for sweeping applications. Use them as
local oscillators in your heterodyne detector systems.
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Standard-Signal Generators

5 kHz to 500 MHz

A standard-signal generator is a source- of alternating
current energy of accurately known characteristics. The
carrier, or center, frequency is indicated by a dial setting,
the output voltage by a meter reading and associated at
tenuator setting, and the modulation by a meter reading
set by appropriate control knobs. Common types of
modulation signals are sine-wave, square-wave, and
pulse; the output signal may be either frequency- or
amplitude-modulated by these signals. When the fre
quency-modulation system produces a considerable ex
cursion in frequency at a relatively low-cyclical rate,
the instrument is known as a sweep-frequency gen
erator and is particularly useful for automatic data dis
play. Standard-signal generators are used for testing
radio receivers, as voltage standards over the range from
fractional microvolts to about a volt, and generally as
power sources in measurement of gai.n, bandwidth, sig-

nal-to-noise ratio, standing-wave ratio, and other circuit
properties. .

For use as a standard-signal generator, the oscillator
must be stable, have reasonably constant output over any
one frequency range, have good waveform, and have no
appreciable hum or noise modulation. Careful over-all
shielding of the generator is essential in order to mini
mize stray fields.

The three General Radio amplitude-modulated stan
dard-signal generators are general-purpose, wide-tuning
range instruments covering the range from 5 kHz to 500
MHz. Amplitude modulation is provided from an internal,
fixed-frequency, sine-wave generator or from an external
audio-frequency source. In addition to a choice of fre
quency ranges, the GR generators offer a wide selection
of performance features: high output, excellent shielding
for accurate low-level output, leveling, modulation ver
satility, and unusuqlly good stability. Each instrument
offers a well balanced combination of features that allow
the user to make fast and accurate measurements over a
wide range of test conditions.

Elements of a standard-signal generator.

GENERAL RADIO 1973 CATALOG

High-stability standard-signal generator.
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per step, set by standard 8-4-2-1 BCD signals. The
basic models have no front-panel controls, for system
economy and a neat appearance and to reduce the pos
sibility of accidental control misadjustments. A local
control panel is available as a standard option.

Highly flexible design A wide choice of options com
bines the benefits of C1:.::itom design with the economy of
off-the-shelf units. Standard resolution is 10 kHz (5 dig
its) but is expandable to 0.1 Hz (10 digits) in I-digit
increments.

The synthesizer also offers you a choice of a moderate
precision internal oscillator, a high-precision oscillator,
or no internal oscillator at all (for applications where an
external frequency standard is available to drive the syn
thesizer). In applications where two or more synthesizers
are to be used, only one need be driven by the external
standard (or internal oscillator) because the output from
one synthesizer can be used to drive the next. This is
both an economy in equipping a large facility and a
means of assuring frequency coherence.

SPECIFICATIONS
Fixed Frequency: 400 kHz to 159.99 MHz (and dc to 10 MHz)
in la-kHz steps with lOa-Hz search-sweep setability. Finer
steps optional, the finest being O.l-Hz steps with O.OOl-Hz
search-sweep settability. LOCAL CONTROL (Option 1): Set by
in-line-readout panel switches or external remote-control sig
nals; control transferred by single panel control. REMOTE
CONTROL: Set by 8-4-2-1 external signals; logic "1" is a to
0.5 V at 3 mA, logic "0" is +5 V at a mAo Programming time
< 100 j.LS per step except with economy resolution options (4F
or 4G), where it is = 5 ms for steps below 10 kHz.
Search-Sweep and Frequen.cy Modulation - (not available
with economy resolution options 4F and 4G): SWEEP WIDTH:
Up to 11 MHz. Any decade, with I-MHz steps or less, can be
replaced by a continuous control with a range of -1 to +10 X
one step of the decade being replaced, with a settability of
1/100 of one step. LOCAL CONTROL (optional): Digit to be
replaced is chosen by panel pushbuttons or external signal;
frequency is set by -1 to +10 multiplier plus continuous ver
nier or by external signal. REMOTE CONTROL: Digit to be

1061 Frequency Synthesizer
• to 160 MHz
• spurious > 80~dB down
• phase noise> 63-dB down
• 100-fLs switching speed
• +20-dBm leveled output
• your choice of resolution -10 kHz to 0.1 Hz

• search sweep
• programmable frequency and amplitude
• frequency- and amplitude-modulation capability

Exceptional spectral purity The 1061 provides a signal
output with exceptional spectral purity for any synthe
sizer application - non-harmonics are down more than
80 dB below the signal, harmonics are down more than
27 dB and phase noise is down at least 63 dB (typically
65 to 70 dB)! Equally important is the wide output range
of 0 dBm to +20 dBm (224 mV to 2.24 V) into 50 n.
The level can be set by an external dc signal or, with the
local-control option, by a panel control.

Search-sweep standard One of the more useful fea
tures of the 1061 is its built-in search-sweep capability.
Any decade, up to 1 MHz, can be electrically converted
into a continuously adjustable decade, to extend the
resolution two decades beyond its step-digit resolution
(a synthesizer with a nominal resolution of 100 Hz ac
tually has I-Hz resolution via the search-sweep dial).

The decade to be replaced is selected by an external
control input or, in models with the local-control option,
by panel pushbuttons. This capability provides the syn
thesizer with the convenience of a signal generator for
resonance or bandpass studies and also makes possible
sweep-frequency measurements because the search
sweep dial can be remotely controlled by a dc signal or
sawtooth waveform. Deviation rates up to 20 kHz can
be used even in low-distortion fm applications.

Built·in remote programmability In the 1061, rapid
remote programmability is standard - less than 100 j.Ls

222 SYNTHESIZERS GENERAL RADIO 1973 CATALOG



Auxiliary Outputs: Low-level output of dc to 10 MHz at 125 mV
±1O% rms, with ±0.25-dB flatness, < -38 dB distortion, avail
able at rear BNC connector. 10 MHz at 500 mV ::':20% into
50.0., which can be used to drive another synthesizer, 1 MHz
at 2.5 V pk-pk into 1 k.o., 42 MHz at 165 mV ::':20% into 50 .0.,
all available at rear BNC connectors.
Phase Modulation (optional); Output can be phase modulated
±3 rad from dc to 300 kHz, ::':1 rad at I-MHz modulation fre
quency, by external signal of 1 Vj rad at dc, flat within 2 dB to
300 kHz, into 7.5 k.o., applied to rear BNC connector.

Catalog
Number

(Describe
exactly

as shown
at the
I~ft.)

1169-9600

Description

1061 Frequency Synthesizer, 400 kHz to 160 M.l;lz
with la-kHz resolution and 100-Hz search settabilitr,
remote control, and ,external drive only

Bench Model
Rack Model

Select following options, if desired
OP1 Local Control Panel
OP2A Moderate-Stability Internal Oscillator
OP2B High-Stability Internal Oscillator
OP3 Phase Modulation
OP4A I-kHz digit resolution (la-Hz search)
OP4B lOa-Hz digit resolution (I-HZ search)
OP4C la-Hz digit resolution (O.l-Hz search)
OP4D I-Hz digit resolution (O.Ol·Hz search)
OP4E O.l-Hz digit resolution (O.OOl-Hz search)
OP4F 100-Hz digit resolution (economy,

5-ms switching, no search-sweep)
OP4G I-Hz digit resolution (economy,

5-ms switching, no search-sweep)
Available for customer installation

Digit Insertion Kit*

* Additional digits of resolution may be added to any synthesizer
equipped with options 4A through 4D.

U.S. Patent Number 3,509,483.

Accuracy of Fixed Frequency: Equal to that of drive source.
Drive source can be internal oscillator or external drive.
Internal Oscillator (optional): MODERATE STABILITY: lO-MHz
crystal oscillator. Adjustment range> 5X10-5 by manual trim
mer or > 5X1Q-6 by +6- to +9-V external dc signal. Stability
is 2XlO-7jOC from +20 to +50°C, 2X1Q-6jmo. HIGH STA
BILITY: 10-MHz crystal oscillator in proportional-control oven.
Adjustment range, > 4XlO-6 by manual trimmer or > 5X1O-7

by +6- to +9-V external dc signal. Stability, < 2X1o-IO j °C
from 0 to +50°C. Drift, ::':lXlO-ojwk, = 1XlO-"jday after 1
month of continuous operation, < 2X10- IO with ::':10% line
voltage variation, restabilizes within 2 h after power interrup
tion. Connector provided on rear for battery to maintain oscil-
lator during power interruption. .
External Drive (required on models without internal oscilla
tor): 5 or 10 MHz, 130 mV to 2.5 V rms into 500.0. applied to
rear BNC connector.

.Environment: TEMPERATURE: 0 to +50°C operating.
Supplied: Power cord, coaxial patch cord with GR874 connec
tors, 50-pin plug to mate with rear connector.
Available: GR874 adaptors, 1452 Programmable Attenuator.
Power: 90 to 1l0, 104 to 127, 180 to 220, 194 to 236, or
207 to 253 V; 48 to 66 Hz (45 to 48 Hz with high-line limit
decreased 5%, 360 to 440 Hz with low-line limit increased
5%); 70 W max. Connection provided for 15- to 18-V, 200-mA,
dc source to maintain high-stability oscillator during power
interruption.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19.75x6.9x24.88 in. (502x176x632 mm); rack, 19x
5.22x22.88 in. (483x133x569 mm). WEIGHT: Bench, 58 Ib
(27 kg) net, 69 Ib (32 kg) shipping; rack, 50 Ib (23 kg) net,
611b (28 kg) shipping.

160 MHz

IMHz

2 MHz

<-27 dB

<-80 dB

±1 dB ±0.3 dB

<-60 dB, re 1 rad, ::':(0.5 Hz to 15 kHz}
<-75 dB, re ~OO% carrier,

::':(0.5 Hz to 15 kHz}
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replaced is chosen by logic signal; frequency is set by +0.5V j
step (-0.5 to +5.0 V) dc signal with nonlinearity of ::':0.2 step
max. SWEEP (FM) RATE: Dc to 20 kHz, -3 dB. DEVIA
TION pk-pk: Same as sweep width. HARMONIC DISTORTION:
<3% for all deviations within range of decade selected. STA
BILITY; ±2XlO-4 step, ±lXlO-3 stepj min, ::':lX10-1 stepj h.
AMPLITUDE MODULATION: Dc to 1 kHz at 90% modulation, dc
to 5 kHz at 30% modulation, dc to 10 kHz at 15% modula
tion; with 5% distortion. Control via remote-control Signal
Output (see below), achieved by externally summing an a-m
rate source wjth a dc voltage to set average value of rf
composite signal.
Signal Output: 224 mV to 2.24 V rms (0 to +20 dBm into
50 .0.) from 50-.0. source, available at rear GR874® connector
(optionally on front panel). LOCAL CONTROL (optional): Set
by panel control with ::':1.5-dB accuracy or by external remote
control signal. REMOTE CONTROL: Set by external dc signal
of 2 X desired rms output voltage, into 100 k.o. applied to rear
BNC connector. Programming time < 100 P.s, to desired level
with::':l dB.

Output Level (freq
response) full
output

Harmonics, 50-fi load

Discrete Non
Harmonics

Noise Modulation

phase, rms*
amplitude, rms

* Also see curve.
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1062 Frequency Synthesizer
• to 500 MHz

• spurious> SO·dB down

• phase noise> GO-dB down

• 100-,us switching speed

• +13 dBm leveled output

• 10-kHz to 0.1-Hz resolution

• search-sweep

• programmable frequency and amplitude

• frequency and phase-modulation capability

This synthesizer is similar to the 1061 except its per
formance extends to 500 MHz! Detailed information is
available on request.
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1165 and 1168 Frequency Synthesizers
• to 160 MHz

• 1-V rms output

• 1-kHz to 1-Hz resolution

• programmable frequency and amplitude

A wide choice These synthesizers offer a variety of
capabilities to suit widely differing applications. For ex
ample, if 6-digit resolution is adequate for your use, the
basic 1165 with I-kHz resolution is a natural choice.
For higher resolutions, the 1165 is offered with 7 digits
(lOa-Hz resolution) and the 1168 is available with 8 or
9 digits (la-Hz or I-Hz resolution).

Remote control- a built-in advantage Ordinarily, eas
ily read in-line panel controls provide direct decimal
setting of the output frequency. However, frequency
selection can also be transferred by a single control to
external BCD signals for rapid remote programming (200

/LS to 5 ms for the basic models, depending on the step).
The 1165 and 1168 provide an output level continuously
adjustable from 100 mV to 1 V. This also can be remotely
programmed over the full range.

Basic economy The basic slave versions are an eco
nomical choice for applications where a precision 5-MHz
or la-MHz source is available. These versions contain
no internal oscillator and must be driven by an external
source such as a standard-frequency oscillator, the 10
MHz reference output of a version with an oscillator, or
the la-MHz reference output of a driven slave version.
Any number of these synthesizers can be cascaded and
thus offer the capability of multiple, coherent, frequen
cies for an entire system or array of systems.

Where independent operation is desired, a master
version is available for both the 1165 and 1168. The
master version includes a stable internal oscillator that
can be operated independently, locked to an external
standard, or replaced by one.

SPECIFICATIONS

GR 1165, 6 or 7 digits GR 1168, 8 or 9 digits

Frequency:
10 kHz to 159.999 MHz (optional to 159.9999 MHz), I 10 kHz to 159.99999 MHz (optional to 159.999999
I-kHz steps, optional to 100-Hz steps MHz), lO-Hz steps, optional to I-Hz steps
LOCAL CONTROL: Set by in-line readout panel switches or external remote-control signal; transferred by single panel
control. REMOTE CONTROL: Set by 4-line 8-4-2-1 external signal; logic '0" is +5 Vat 0 mA, logic "1" is < +0.5 Vat
3 mAo Programming time, < 200 !4S for steps ~ 100 kHz, < 5 ms for remainder (with added-resolution option for 1165:
< 50 ms for steps ~ 10 kHz, 1168 < 50 ms for steps ~ 100 Hz)

160 MHz

amplitUde, rms

OUTPUT LEVEL (frequency response), fuJi output
1/10 output

HARMONICS output into 50-a load
DISCRETE NON-HARMONICS
NOISE MODULATION phase, rms (see curve)

100 mV to 1 V rms into 50 a from 50-a source; I 100 mV to 1 V rms into 50 a from 50-a source;
GR874® connector mounts on front or rear panel. GR874@ connector mounts on front or rear panel.
LOCAL CONTROL: Set by calibrated control or by external remote control signal. REMOTE CONTROL: Set by external dc
signal of 4x desired rms output voltage, into 100 ka, applied to rear BNC connector. Programming time, 10 ms to within
1 dB of desired output; control accuracy ±1 dB typical, ±2 dB max, including leveling errors.

10 kHz 100 kHz 110 MHz

-0, +I db I ±0.13 dB
-I, +2 dB ±1.3 dB (±1 dB typical)
<-25 dB <-30dB

<-60dB (-70 dB typical) 1<-55 dB (-60 dB typical)
< -53 dB « -51 dB for 1165 with 100-Hz resolution)

re 1 rad, 0.5 Hz to 15 kHz
< -63 dB, re 100% carrier, 0.5 Hz to 15 kHz.

Signal Output:

Auxiliary Outputs:

I
-12 V at 50 mA, +5.6 V at 50 mA, +18 V at 100 rnA;
available at rear tip jacks.
10 MHz at 500 ±50 mV rms into 50 a. 1 MHz at > 2 V pk-pk into 10 ka; available at rear BNC connectors.
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1165-9710
1165-9711
1165-9712
1165-9713
1165-9720
1165-9721
1165-9722
1165-9723

1168-9700
1168-9701
1168·9702
1168-9703
1168-9720
1168·9721
1168-9722
1168-9723

Catalog
Number

1165 Frequency Synthesizer
6-digit Master Version, Bench Model
6·digit Master Version, Rack Model
6·digit Slave Version, Bench Model
6·digit Slave Version, Rack Model
7-digit Master Version, Bench Model
7-digit Master Version, Rack Model
7-digit Slave Version, Bench Model
7-digit Slave Version, Rack Model

1168 Frequency Synthesizer
8-digit Master Version, Bench Model
8-digit Master Version, Rack Model
8-digit Slave Version, Bench Model
8-digit Slave Version, Rack Model
9-digit Master Version, Bench Model
9-digit Master Version, Rack Model
9-digit Slave Version, Bench Model
9-digit Slave Version, Rack Model

Description

3 V max into 50 n, at rear BNC connector. After power inter
ruption to oscillator, 30 minutes required for oscillator to
stabilize within lock range. Panel lamp warns of lock failure.
External Drive (required for slave versions): 5 or 10 MHz at
130 mV min, 3 V max into 50 n at rear BNC connector.
Environment: TEMPERATURE: 0 to +50°C operating, -40 to
+75°C storage. HUMIDITY: 95% RH and +40°C. BENCH
HANDLING: 4 in. or 45° (MIL 81OA-VI).
Supplied: Power cord, coaxial patch cord with GR874 connec
tors, 50-pin plug to mate with rear connectors.
Power: 100 to 125 or 200 to 250 V, 50 to 60 Hz; 105 to 125
or 210 to 250 V, 50 to 400 Hz; 50 W max. Connection pro
vided for 15- to 18-V, 200-mA, dc source to maintain oscillator
during power interruption.
Mechanical: Bench or rack models. 1165: DIMENSIONS (wx
hxd): Bench, 19.75x5.15x20.88 in. (502x131x530 mm); rack
19x3.5x18.38 in. (483x89x466 mm). WEIGHT: Bench, 43
Ib (20 kg) net, 52 Ib (24 kg) shipping; rack, 36 Ib (17 kg) net,
45 Ib (21 kg) shipping. 1168: DIMENSIONS (wxhxd): Bench,
19.75x5.15x22.88 in. (502x131x581 mm); rack, 19x3.5x
20.38 in. (483x89x517 mm). WEIGHT: Bench, 48 Ib (22 kg)
net, 59 Ib (27 kg) shipping; rack, 41 Ib (19 kg) net, 52 Ib
(24 kg) shipping.
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Phase Modulation: Output can be phase modulated ±3 rad
from dc to 300 kHz :±:l rad at I-MHz modulation frequency,
by external signal of 1 V/ rad at dc, flat within 2 dB to 300 kHz,
into 7.5 kn, applied to rear BNC connector.
Frequency Modulation: (Via phase modulation, see above).
DEVIATION pk-pk: Same as sweep width above. External O-to
15 kHz signal of 2.5 V pk, applied to panel BNC connector or
rear connector, produces full selected deviation, flat ±1 dB.
HARMONIC DISTORTION: <1 % for fm <1 kHz, <3% for mod
ulation frequencies ~ 15 kHz, with sweep-width range set to
1 or 10 kHz. HUM AND NOISE: ;;;. 60 dB below max deviation
at any sweep-multiplier setting.
Accuracy of Fixed Frequency: Equal to that of drive source.
Drive source can be internal oscillator (master versions), ex
ternal lock (with internal oscillator only), or external drive.
Internal Oscillator (master versions): 10-MHz precision oscil
lator in proportional-control oven. Adjustment range, ±2X1o-"
by manual trimmer. Stability, < 2X1o-'o/ °C from 0 to +50°C
when operated continuously. Drift, ±lX1Q-8/wk, = 1X1Q-'/
da~ ~fter I-month continuous operation. 10% line-voltage
vanatlon causes < 2X1Q-'o change, restabilizes to within
"': 1X1Q-8 two hours after power interruption. Connection pro
Vided on rear for battery to maintain oscillator during power
interruption.
External Lock (master versions): Internal oscillator can be
locked t? external signal within ±4XlO-7 of 5 MHz or integer
submultiple down to 100 kHz, 100 mV rms min into 1 kn to

1065 Sweeping Frequency Synthesizer
• to 160 MHz

• sweep frequencies

• 1-V rms output

• 1-Hz resolution

• programmable frequency and amplitude

digital frequency controls with linearity better than 1%.
Wide-Ldnd sweeps up to the fUll frequency range of 160
MHz are provided. The 1065 can also be frequency
modulated with a peak-to-peak b.f of 5 Hz to 160 MHz
by external signals with rates up to 15 kHz. All sweep
width and sweep-speed controls are remotely program
mable.

Sweep frequencies The 1065 combines the accuracy,
stability, and full 9-digit resolution of the 1168 with the
versatility of a precision sweep-frequency generator. Any
calibrated sweep width from 5 Hz to 2 MHz can be ob
tained, centered on any frequency selected by the normal

Description

1065 Sweeping Frequency Synthesizer, 9-digits. includes
internal oscillator

Bench Model
Rack Model

Catalog
Number

1065·9720
1065·9721
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Frequency Synthesis to 70 MHz
1161, 1162, 1163, and 1164 Frequency Synthesizers
• to 70 MHz

• to 7 digits plus search sweep

• programmable frequency selection

• 80 models plus t.ailored specials

Economical variety This is one of the most economical
families of synthesizers available today, thanks to its
modular construction. You pay only for the capability you
need. This same benefit also permits maximum flexibility
to meet nearly any application, large or small, simple or
complex. Over 80 models are stocked, with four basic
upper-frequency limits of 100 kHz, 1 MHz, 12 MHz, and
70 MHz. In addition, each type is available with any num
ber of digits from 3 to 7 and each can be ordered with or
without "search-sweep" or remote programmability.

Search-sweep The optional search-sweep feature of
these synthesizers allows any decade, up to 1 MHz, to be
replaced by a continuously adjustable decade, controlla
ble from -1 to +10 times one step of the decade being
replaced. The added resolution is normally 100 times
finer than that of the replaced decade; thus the resolution
of a 7-digit lOa-kHz model with the search-sweep option
is 0.0001 Hz (rather than the normal 0.01 Hz). When
the search-sweep dial is calibrated by means of an inter
nal calibrating mixer, the resolution is greater still - as
fine as 10-1> H'z for the same laO-kHz synthesizer. You
select the decade to be replaced by simply pushing a
button on the front panel.

An added advantage of the search-sweep mode is the
fact it can also be externally controlled with an analog
signal. Since any decade of 1 MHz or below can be re-
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placed by the search-sweep dial, with an external saw
tooth waveform (such as available from many oscillo
scopes) you can convert the synthesizer for sweep-fre
quency use from a to 1 MHz (100 kHz for the GR 1161).

Remote control For automated measurements and
computer control, these synthesizers can be ordered
with remote programmability - each digit can be set by
an external signal in less than 200 p.S. Together with the
external control of search-sweep, these programmable
digits make the synthesizer a boon to fully automatic
testing of a host of frequency-sensitive instruments and
components.

SPECIFICATIONS
Accuracy of Fixed Frequency: Equal to that of drive source.
Drive source can be internal oscillator or external lock.
Internal Oscillator: 5-MHz crystal oscillator. Adjustment range
±7 to 10x1Q-6 by panel trimmer. Stability <2x10-'/oC from
+20 to +50°C.
External Lock: Internal oscillator can be locked to external
signal of 5 MHz or integer submultiple down to 100 kHz, 250
mV rms min into 1 kn to 5 V rms max into 50 n, applied to
rear GR874®connector.
Environment: TEMPERATURE: 0 to +50°C operating.
Supplied: Power cord, coaxial patch cord with GR874 connec
tors, bridging unit for maintenance ease.
Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 55 W (60
W for 1164); or 20 to 28 V dc at 1.8 A.
Mechanical: Rack-bench cabinet. 1161, 1162, 1163: DIMEN
SIONS (wxhxd): Bench, 19x5.5x15.5 in. (483x140x394 mm);
rack, 19x5.25x13 in. (483x133x330 mm). WEIGHT: 38 Ib
(18 kg) net, 45 Ib (21 kg) shipping. 1164: DIMENSIONS (wx
hxd): Bench, 19x5.25x19.25 in. (483x133x489 mm); rack,
19x5.25x17 in. (483x133x432 mm). WEIGHT: 45 Ib (21 kg)
net, 52 Ib (24 kg) shipping.
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GR 1161 0 to 100 kHz GR 1162 0 to 1 MHz GR 1163 30 Hz to 12 MHz GR 1164 10 kHz to 70 MHz
Fixed Frequency:

o to 100 kHz, 100-Hz steps (op- 0 to 1 MHz, I-kHz steps (op- 30 Hz to 12 MHz, 10-kHz steps 10 kHz to 70 MHz, 100-kHz
tionaI to O.01-Hz steps and tional to O.l-Hz steps and (optional to I-Hz steps and steps (optional to 10-Hz steps
O.OOOl-Hz search-sweep setta- O.OOl-Hz search-sweep settabil- O.Ol-Hz search-sweep settabil- and O.l-Hz search-sweep setla-
bility). ity). ity). bility).
LOCAL CONTROl,: Set by in-line-readout panel switches. REMOTE CONTROL (optional): set by lO-line contact closures (4-line 8-4-2-1 avail
able). Programming time,-200 J1s to establish new frequency.

Search·Sweep and Frequency Modulation (optional)
SWEEP WIDTH: To 100 kHz. I SWEEP WIDTH: To 1.1 MHz I SWEEP WIDTH: To 1.1 MHz. I SWEEP WIDTH: To 1.1 MHz.
Any decade, 1 MHz or below, can be replaced by continuous control of -1 to +10 X the decade replaced. LOCAL CONTROL: Decade re
placed is set by panel pushbuttons, frequency set by -1 to +10 continuous dial with added resolution of 2 significant digits (4, when self
calibrated). REMOTE CONTROL: Frequency set by +0.3 V/siep (0 to ±1.5 V) de signal into 6 kn. SWEEP (FM) RATE: Dc to 1 kHz,
±1 dB. DEVIATION pk·pk: Same as sweep width. HARMONIC DISTORTION: 3%; rate, up to 100 kHz at reduced deviation. STABILITY: 0.001
X digit step of decade replaced per h, after 2-h warmup.

Signal Output
o to 2 .V rms, ac coupled, into ;;;, son, flat ±1 dB above 50 Hz,
metered with ±0.2-V accuracy. 0 to 800 mV rms, dc coupled, into
;;;, 100 kn, flat ±0.2 dB to 10 kHz, not metered. Panel GR874<!l
connector.

o to 2 V rms, behind 50 n, me- 200 mV to 2 V rms, behind
tered with ±10% accuracy 50 n, metered, leveled ±5%
above 0.2 V. 0 to 2 V rms be- ±0.02 V to 100 kHz, ±3%
hind 0 n, flat ±1.5 dB into 50 n ±0.02 V above 100 kHz. Switch
above 50 Hz, metered. Panel selects panel or rear GR874<!l
GR874® connector. . connector.

LOCAL CONTROL: Single control with panel monitor. REMOTE CONTROL (1164 only): 6 to 10 V into 5 kn.
FRACTIONAL FREQUENCY DEVIATION, averaging times of 10 ms and 1 s:

70 MHz: 7x10-'o (10 ms),
3xlO-" (1 s)

10 MHz: 3x1Q----9 (10 ms), 10 MHz: 5x1Q----9 (10 ms),
3xlo-" (1 s) 5x10-" (1 s)

1 MHz: 3xl(}--1 (10 ms), 1 MHz: 5x10-a (10 ms),
3xlo-'o (1 s) 5xlO-'o (1 s)

100 kHz: 3x10-' (10 msJ. 100 KHz: 5xro-' (10 ms),
3xlO-' (1 s) 5x10-' (1 s)

HARMONICS, full output into 50 n: < -30 dB

100 kHZ: 3x1(}--1 (10 ms),
3xIo-'o (1 s)

1 MHz: 3x1(}--1 (10 ms),
3xlO-'o (1 s)

100 kHz: 3xlo-' (10 ms),
3xlO-' (1 s)

HARMONICS, full output into 50 n: < -40 dB
DISCRETE NON-HARMONICS:

<-80 dB I <-60dB <-60dB
NOISE MODULATION, rms, 0.5 Hz to 15 kHz, re 1 rad for phase, re 100% carrier for amplitude:
Phase: -70 dB Phase: -52 dB . Phase: -52 dB
Amplitude: -70 dB AmplitUde: -70 dB Amplitude: -60 dB

<-60 dB

Phase: -52 dB
Amplitude: -60 dB

Auxiliary Outputs:
39/50 and SO/51 MHz at
100 mV into 1 kn from rear
subminiature connectors.

50 and SO/51 MHz at 100 mV
into 1 kn from rear subminia
ture connectors.

1 MHz at 400 mV into 1 kn; 5,5/5.1 ref, and 42 MHz at 100 mV into 1 kn; from rear
200 mAo

40/49 MHz at 100 mV into
1 kn; 30 and 90 MHz at 50 mV
into 50 n; and SO/51 MHz at
25 mV into 50 n from rear sub-
miniature connectors.

subminiature connectors; +18 V dc, up to

See page 315 for dlglt'lnsertlon modules•

Coherent Decade Frequency Synthesizers
blSt D dlIP'th MWI anua rogramma e ep eca es with Manual Step Decades

Output Frequency Ran~e Output Frequency Range
Smallest '0- 0- 30 Hz- 10 kHz- 0- 0- 30 Hz- 10 kHz-

Step 100 kHz 1 MHz 12 MHz 70 MHz 100 kHz 1 MHz 12 MHz 70 MHz
0.01 1161-AR7C 1161-A7C Type
Hz 1161-9527 1161-9597 Catalog No.
0.1 1161-AR6C 1162-AR7C 1161-A6C 1162-A7C 0 Type
Hz 1161-9526 1162-9527 1161-9596 1162-9597 Catalog No.
1.0 1161-AR5C 1162-AR6C 1163-AR7C 1161-A5C 1162-A6C 1163-A7C Type
Hz 1161-9525 1162-9526 1163-9527 1161-9595 1162-9596 1163-9597 Catalog No.

Continuously 10 1161-AR4C 1162-AR5C 1163-AR6C 1164-AR7C 1161-A4C 1162-A5C 1163-A6C 1164-A7C Type
Adjustable Hz 1161-9524 1162-9525 1163-9526 1164-9527 1161-9594 1162-9595 1163-9596 1164-9597 Catalog No.
Search/

100 1161-AR3C 1162-AR4C 1163-AR5C 1164-AR6C 1161-A3C 1162-A4C 1163-A5C 1164-A6C TypeSweep
Decade Hz 1161-9523 1162-9524 1163-9525 1164-9526 1161-9593 1162-9594 1163-9595 1164-9596 Catalog No.

(CAD) 1 1162-AR3C 1163-AR4C 1164-AR5C 1162-A3C 1163-A4C 1164-A5C Type
Included kHz 1162-9523 1163-9524 1164-9525 1162-9593 1163-9594 11-64-9595 Catalog No.

10 1163-AR3C 1164-AR4C 1163-A3C 1164-A4C Type
kHz 1163-9523 1164-9524 1163-9593 1164-9594 Catalog No.

100 1164-AR3C 1164-A3C Type
kHz 1164-9523 1164-9593 Catalog No.

0.01 1Hjl-AR7 1161-A7 Type
Hz 1161-9507 1161-9417 Catalog No.
0.1 1161-AR6 1162-AR7 1161-A6 1162-A7 Type
Hz 1161-9506 1162-9507 1161-9416 1162-9417 Catalog No.

1.0 1161-AR5 1162-AR6 1163-AR7 1161-A5 1162-A6 1163-A7 Type
Hz 1161-9505 1162-9506 1163-9507 1161-9415 1162-9416 1163-9417 Catalog No.

Step 10 1161-AR4 1162-AR5 1163-AR6 1164-AR7 1161-A4 1162-A5 1J.163-A6 1164-A7 Type

Decades Hz 1161-9504 1162-9505 1163-9506 1164-9507 1161-9414 1162-9415 1163-9416 1164-9417 Catalog No.

Only 100 1161-AR3 1162-AR4 1163-AR5 1164-AR6 1161-A3 1162-A4 1163-A5 1164-A6 Type
Hz 1161-9503 1162-9504 1163-9505 1164-9506 1161-9413 1162-9414 1163-9415 1164-9416 Catalog No.

1 1162-AR3 1163-AR4 1164-AR5 1162-A3 1163-A4 1164-A5 Type
kHz 1162-9503 1163-9504 1164-9505 1162-9413 1163-9414 1164-9415 Catalog No.

10 1163-AR3 1164-AR4 1163-A3 1164-A4 Type
kHz 1163-9503 1164-9504 1163-9413 1164-9414 Catalog No.

100 1164-AR3 1164-A3 Type
kHz 1164-9503 1164-9413 Catalog No.

. .Patent Number 3,300,731

o Federal stock nUlnbers are listed before the Index.
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High-Frequency Oscillators
500 kHz-to-50 MHz Oscillators

Frequency: 500 kHz to 50 MHz with ±2% calibration accu
racy and 0.4% typical warmup frequency drift. Variable L
and C in main tuned circuit.
Output: 200 mW into 50 n, see curves (solid, 1269; da.shed,
1264 or 1267 power supply).
Power: 1269, 1267, or 1263 power supply recommended
(available as sets); 1201 or 1203 can be used.
Mechanical: Unit cabinet. DIMENSIONS (wxhxdepth behind
panel): 8x7.63x9.75 in. (203x193x248 mm). WEIGHT: 12
Ib (6 kg) net, 19 Ib (9 kg) shipping.

0480-9848
0481-9842
0481-9846
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Rack Adaptor Sets, to rack mount bench models:
480-P408 for 1211-G
481-P412 for 1211-C9 and 1211-C7
481-P416 for 1211-C3

Description

Catalog
Number

1211-9437
1211-9577

1211·9703

1211-9439
1211-9579
1211·9449
1211-9589
1211-9459
1211-9599

1211-9433
1211-9573
1211-9443
1211-9583

500 kHz-ta-50 MHz Oscillators
1211-G, without power supply, Bench Model <?>
1211-C9, with 1269-A Power Supply for maximum power:

115-V Bench Mode!
115-V Rack Model
215-V Bench Model
215-V Rack Model
230-V Bench Model
230-V Rack Model

1211-C7, with 1267-B Power Supply for best cw stability
and very low residual fm:

115 to 230-V Bench Model
115 to 230-V Rack Model

1211-C3, with 1263-C Power Supply for monitored and
leveled output and square-wave modulation:

115-V Bench Model
115-V Rack Model
230-V Bench Model
230-V Rack Model

Description

50-to-250 MHz Oscillators

1000

Frequency: 50 to 250 MHz with ±1% calibration accuracy
and 0.2% typical warmup frequency drift. Semi-butterfly
tuned circuit.
Output: To 125 mW into 50 n, see curves (solid, 1269;
dashed, 1264 or 1267 power supply).
Power: 1269, 1267, 1264, or 1263 power supply recom
mended (available as sets); 1201 or 1203 can be used.
Mechanical: Unit cabinet. DIMENSIONS (wxhxdepth behind
panel) 8x7.63x7.5 in. (203x193x191 mm). WEIGHT: 7.5 Ib
(3.5 kg) net, 10 Ib (4.6 kg) shipping.

1215-9433
1215-9573
1215·9443
1215-9583
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1215-C3, with 1263·C Power Supply for monitored and
leveled output and squarewave modulation:

115-V Bench Model
115-V Rack Model
230-V Bench Model
230-V Rack Model

Rack Adaptor Sets, to rack mount bench models:
. 480-P408 for 1215-G
481-P412 for 1215-C7 and 1215-C9
481·P416 for 1215·C4 and 1215·C3

1215-9437
1215-9577

1215-9434
1215-9574
1215-~444

1215-9584

1215-9703

1215-9439
1215-9579
1215-9449
1215-9589
1215-9459
1215-9599

50-ta-250 MHz Oscillators
1215-C, without power supply, Bench Model <?>
1215-C9, with 1269-A Power Supply for maximum power:

115-V Bench Model
115·V Rack Model
215-V Bench Model
215-V Rack Model
230-V Bench Model
230·V Rack Model

1215-C7, with 1267-B Power Supply for best cw stability
and very low residual fm:

115 to 230-V Bench Model
115 to 230-V Rack Model

1215-C4, with 1264·B Power Supply for square-wave
and pulse modulation:

115-V Bench Model
115-V Rack Model
230-V Bench Model
230-V Rack Model

<§ Federal stock numbers are listed before the Index.
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56-to-500 MHz Oscillators

Frequency: 56 to 500 MHz with ±2% calibration accuracy and
0.8% typical warmup frequency drift. Variable Land C in
main tuned circuit.
Output: To 250 mW into 50 n, see curve.
Power: 1269,1267,1264 or 1263 power supply recommended
(available as sets); 1201 or 1203 can be used.
Mechanical: Convertible-Bench cabinet. DIMENSIONS (wxhx
depth behind panel): 8x7.63x8.25 in. (203x193x210 mm).
WEIGHT: 7.5 Ib (3.5 kg) net, 10 Ib (4.6 kg) shipping.
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Rack Adaptor Sets, to rack mount bench models:
480-P408 for 1363
481-P412 for 1363-A7 and 1363-A9
481-P416 for 1363-A4 and 1363-A3

Description

Catalog
Number

1363·9417
1363-9507

1363·9414.
1363·9504
1363·9424
1363-9514

1363·9701

1363·9419
1363·9509
1363·9429
1363-9519
1363·9439
1363-9529

Description

56-to-500 MHz Oscillators
1363, without power supply, Bench Model
1363-A9, with 1269-A Power Supply for maximum power:

115-V Bench Model
115-V Rack Model
215-V Bench Model
215-V Rack Model
230-V Bench Model
230-V Rack Model

1363-A7,. with 1267-B Power Supply for best cw stability
and very low residual fm:

115 to 230-V Bench Model
115 to 230-V Rack Model

1363-A4, with 1264-B Power Supply for square-wave
and pulse modulation:

115-V Bench Model
115-V Rack Model
230-B Bench Model
230-V Rack Model

220-to-920 MHz Oscillators

Frequency: 220 to 920 MHz with ±1% calibration accuracy
and 0.2% typical warmup frequency drift. Butterfly tuned
circuit.
Output: To 200 mW into 50 n, see curves (solid, 1269; dashed,
1264 or 1267 power supply). Calibrated attenuator.
Power: 1269, 1267, 1264, or 1263 power supply recom
mended (available as sets); 1201 or 1203 can be used.
Mechanical: Convertible-Bench cabinet. DIMENSIONS (wxhx
depth behind panel): 8x7.63x8.25 in. (203x193x210 mm).
WEIGHT: 8 Ib (3.4 kg) net, llib (5 kg) shipping.
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1362-A3, with 1263-C Power Supply for monitored and
leveled output and square-wave modulation:

115-V Bench Model
115-V Rack Model
230-V Bench Model
230-V Rack' Model

Rack Adaptor Sets:
480-P408 for 1362
481-P412 for 1362-A7 and 1362-A9
481-P416 for 1362-A4 and 1362-A3

1362·9413
1362-9503
1362-9423
1362-9513

0480-9848
0481-9842
0481·9846
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1362-9701

1362·9419
1362·9509
1362-9429
1362·9519
1362-9439
1362·9529

1362·9417
1362-9507

1362-9414
1362·9504
1362-9424
1362-9514

220-to-920 MHz Oscillators
1362, without power supply, Bench Model 0
1362-A9, with 1269-A Power Supply for maximum P9wer:

115-V Bench Model
115-V Rack Model
215-V Bench Model
215-V Rack Model
230-V Bench Model
230-V Rack Model

1362-A7, with 1267-8 Power Supply for best cw stability
and very low residual fm:

115 to 230-V Bench Model
115 to 230-V Rack Model

1362-A4, with 1264-8 Power Supply for square-wave
and pulse modulation:

115-V Bench Model
115-V Rack Model
230-V Bench Model
230-V Rack Model

o Federal stock numbers are listed before the Index.
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450-to-1050 MHz Oscillators

Frequency: 450 to 1050 MHz with ±1% calibration accuracy
and 0.2% typical warmup frequency drift. Butterfly tuned
circuit with logarithmic frequency scale.
Output: To 150 mW into 50 n, see curves (solid, 1269;
dashed, 1264 or 1267 power supply). Calibrated attenuator.
Power: 1269, 1267, 1264, or 1263 power supply recom
mended (available as sets); 1201 or 1203 can be used.
Mechanical: Convertible-bench cabinet. DIMENSIONS (wxhx
depth behind panel): 8x7.63x8.25 in. (203x193x21O mm).
WEIGHT: 7 Ib (3.2 kg) net, 11 Ib (5 kg) shipping.
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1361-A3, with 1263-C Power Supply for monitored and
leveled output and square-wave modUlation:

115-V Bench Model
115-V Rack Model
230-V Bench Model
230-V Rack Model

Rack Adaptor Sets, to rack mount bench models:
480-P40S for 1361-A
4S1-P412 for 1361-A7 and 1361-A9
481·P416 for 1361-A4 and 1361-A3

Description

Catalog
Number

1361-9414
1361-9504
1361-9424
136'1·9514

1361·9417
1361-9507

1361-9701

1361-9419
1361-9509
1361-9429
1361-9519
1361-9439
1361-9529

450-to-l050 MHz Oscillators
1361-A, without power supply, Bench Model
1361-A9, with 1269-A Power Supply for maximum power:

115-V Bench Model
115-V Rack Model
215-V Bench Model
215-V Rack Model
230-V Bench Model
230-V Rack Model

1361-A7, with 1267-B Power Supply for best cw stability
and very low residual fm:

115 to 230-V Bench Model
115 to 230·V Rack Model

1361·A4, with 1264-B Power Supply for square-wave
and pulse modulation:

115-V Bench Model
115-V Rack Model
230-V Bench Model
230-V Rack Model

Description

900 MHz-to-2 GHz Oscillators
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900-MHz-to-2 GHz Oscillators
121S-BV, without power supply, Bench Model
121S-BV7, with 1267-B Power Supply for best cw stability

and very low residual fm:
115 to 230-V Bench Model
115 to 230-V Rack Model

121S-BV4, with 1264-B Power Supply for square-wave
and pulse modulation:

115-V Bench Model
115-V Rack Model
230-V Bench Model
230-V Rack Model

121S-BV3, with 1263-e Power Supply for monitored and
leveled output and square-wave modulation:

115-V Bench Model
115-V Rack Model
230-V Bench Model
230-V Rack Model

Rack Adaptor Sets, to rack mount bench models:
4S1-P412 for 12IS-BV
4SI-P416 for 121S-BV7
482-P412 for 121S·BV4 and 121S-BV3

With its electronic frequency control, the 1218-BV can be
phase locked to an external reference signal to provide high
power, low noise, and the stability of the reference signal
against warmup drift and microphonics. In heterodyne sys·
tems, where a difference signal must be stable to remain
within the bandwidth of a tuned detector, the 1218·BV can
be used as the local oscillator. With a phase detector operat
ing at the difference frequency, the 1218-BV can track small
changes in the frequency of the test oscillator and hold the
difference frequency steady.
- See GR Experimenter for November-December 1965.

Frequency: 90U to 2000 MHz with ±1% calibration accuracy
and 0.1% typical warmup frequency drift. Main tuning by
tracked adjustable lines.
Fine Tuning: MANUAL: > ±2 MHz, by turning of 6f knob.
Power-level pulling by 6f control is ±0.5 dB for ±2 MHz
change. REMOTE: > 4 MHz for 50 V change in dc signal
applied to front or rear jacks; ±25 V typical useful range; 6f
control sets center value from +10 to -20 V. Positive-going
voltage decreases frequency. Applied voltage ±50 V max.
Input equivalent to 10 kn, 150 pF, and -1.3 mA current
so.urce in parallel across terminals, one of which is grounded.
Ext source should have < 1000 n internal impedance; can be
ac coupled. Step-response time < IlL s typical.
Output Level: > 160 mW into 50 n to 1.5 GHz, drops linearly
to > 110 mW at 2 GHz, see curve. CONTROL: > 20-dB at
tenuation by uncalibrated control. EXTERNAL MODULATION:
Panel jack provided for external audio-frequency modUlation;
=30 V rms into 6 kn produces 30% a-m.
Power: 1267, 1264, or 1263 power supply recommended
(available as sets); 1201 can be used.
Mechanical: Unit cabinet. DIMENSIONS (wxhxdepth behind
panel): 12x7.63x7.5 in. (305x193x191 mm). WEIGHT: 14 Ib
(7 kg) net, 26 Ib (12 kg) shipping.

1267-8 for regulated voltages For such applications
as parametric-amplifier pumps, the oscillator must be
stable against all power-line variations and free of modu
lation from power-supply ripple. In these applications,

. the 1267-8, 1264-8, and 1263-C power supplies are rec
ommended because of their regulated outputs.

Oscillator Power Supplies
1269-A for non-critical applications The 1269-A pro- 1264-8 for amplitude modulation Other applications

vides unregulated voltages, at a savings, for less stringent require power supplies in which the plate-supply voltage
requirements. is controllable to modulate or to regulate the oscillator

output. The 1264-B provides 100% amplitude modula
tion at a high level by square waves or pulses as well as
cw operation. Both plate and heater supplies are elec
tronically regulated and the internal I-kHz modulation
frequency is highly stable.

A switch permits cw, standby, internal square-wave
modulated, or externally modulated operation. Indepen-
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SPECIFICATIONS
Supplied: Power cord, output-socket mating plug (entire cable
for 1263) plus (for 1263) a GR874-to-GR874 coaxial patch
cord, 874-VRL Voltmeter Rectifier, 874-EL-L 90° Ell.
Available: Rack adaptor sets for power supplies separately or
with oscillators.

dent panel controls vary the regulated supply voltage for
cw operation and the modulation amplitude for square
wave and pulse operation.

1263-C for leveled output and amplitude modulation
The 1263-C is particularly useful in a feedback loop to
maintain constant oscillator output as the oscillator fre
quency is varied. Constant output not only speeds and
simplifies measurements where the oscillator is tuned
manually but is essential when sweep measurements are
being made. Both plate and heater supplies are regulated
and an internal I-kHz is included for square-wave modu
lation.

The dc potential developed by the oscillator output
rectifier is compared with an adjustable dc reference in
the feedback system. A rapid correction is applied to
the plate current to hold the oscillator output to a preset
level. Rf blanking can be accomplished by external short
ing of the reference potential.

Description

1269-A Power Supply, bench models:
115-V model 0
215-V model
230-V model

1267-8 Regulated Power Supply, bench models:
115/215/230-V model

1264-8 Modulating Power Supply, bench models:
115-V model
230-V model

1263-C Amplitude-Regulating Power Supply, bench models:
115-V model 0
230-V model

Rack Adaptor Set, for 1264-B or 1263-G alone
(other combinations are available)

1264-Pl Adaptor Cable, used when 1264-B powers
1215-G Oscillator (included in 1215-G4 set) 0

Catalog
Number

1269-9701
1269-9711
1269-9712

1267-9702

1264·9702
1264-9703

1263-9703
1263-9713

048a-9848

1264-9601

•

1263-C Amplitude-Regulating
Power Supply

1264-8
Modulating Power Supply

•

:-__IlIlS>_

1267-8 Regulated
Power Supply

High Output:
300 V ±5%, at 50 mA:
410 V with no load: at
nominal line voltage.
< 80-mV ripple at full
load. 50 rnA max.

300 V, 70 mA max: volt
age regulation: ±0.25%
for line and load
changes. < 1-mV ripple
at full load.

200 to 300· V adjustable, 50 mA max:
< 0.5-V change for 10-V line change.
< 1-mV ripple (B- grounded), < 5-mV
ripple (B+ grounded).

o to 300 V adjustable, 30 rnA max.
< 1-mV ripple at full load.

Low Output:
6.3 V ac, 3 A max, un
regulated.

6.5 V dc, 1 A max:
±0.25% regulation for
line changes.

6.2 to 6.8 V de adjustable, 1 A max:
< 5-mV change with 10-V line change.
< 5-mV ripple at full load.

6.5 V dc, 1 A max: regulated. < 1-mV
ripple.

Modulated Output:
None None. Standby switch

controls 300-V output in
dependently.

850 to 1150 Hz* internal square wave,
adjustable to within 0.3 Hz of desired
value (20 Hz to 50 kHz by external 20
to 50-V rms sine-wave input, to 100
kHz by external 20-V positive pulse).
< 0.1% (0.04% typical) frequency
change for 10-V line change: 0.5 ±5%
adjustable duty ratio. 160 to. 210 V
adjustable output. < 1.5 I1S rise and
decay times for 15-kG,f300-pf load: no
rampoff.

950 to 1050 Hz** internal squarewave,
adjustable: < 5-Hz change with line
changes: 0.5 to 0.53 adjustable duty
ratio: 50 I1S rise and decay, no over
shoot, < 0.5% rampoff.

Regulation of Oscillator Output Level:
None None None Under ±5% rf-output changet (includ

ing effects of harmonics) below 500
MHz, with 1211, 1215, 1362 oscillators.

Output Voltmeter:
None None None Reads average of rms carrier level

with I-kHz squarewave modulation:
accuracy ±1O% after standardizing
with internal circuit and rectifier cor
rection for extremely high frequencies.

Power:
105 to 125, 195 to 235, or 210 to 250V, 50 to 60 Hz
(400 Hz with 5% increase in voltage requirements).

105 to 125 or 210 to 250 V, 50 to 60 Hz.

50W I 75W 85W I 55W

Mechanical:
Convertible-Bench cabinet. DIMENSIONS (wxhxd):
4.25x7.63x9.25 in. (108x193x235 mm). WEIGHT:
1269, 6 Ib (2.7 kg) net, 8 Ib (3.7 kg) shipping: 1267,
8 Ib (3.7 kg) net, 10 Ib (4.6 kg) shipping.

Convertible-Bench cabinet. DIMENSIONS (wxhxd): 8x7.63x9.25 in. (203x193x
235 mm). WEIGHT: 1264, 12 Ib (5.5 kg) net, 15 Ib (7 kg) shipping: 1263, 15 Ib
(7 kg) net, 18 Ib (9 kg) shipping.

* Internal squarewave generator can be synchronized to external sinewave or squarewave signal: sync range is > ±1% for 5-V-rms, I-kHz sinewave.
In internallSquarewave mode, a sync output of > 2 V pk-pk behind 18 kG is provided. .

** A gate output is coincident with "off" interval of modulation, > 1 V into 30 kll ,f 300 pF: < 50-l1s rise and decay times: < 0.01 V during "on"
interval.

t Correction time for 2:1 step change in selected oscillator output is < 0.5 ms, cw: < 50 ms 1-kHz squarewave modulated. Recovery time after
blanking, < 2 ms, cw: < 200 ms, I-kHz squarewave modulated. Hum and noise < ±0.3%, cw, < :±3%, 1-kHz squarewave modulated.

o Federal stock numbers are listed before the Index.
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1003 Standard-Signal Generator
• 67 kHz to 80 MHz

• 1 ppm typical over-all stability

• variable-speed sweep

• optional programmability and crystal calibrator

• 180-mW output (3 V across 50 n)

• 0 to 95% a-m

High stability The GR 1003 achieves a 1O-to-1 im
provement in frequency stability without sacrificing the
other performance characteristics expected in a fine
signal generator. The frequency-generating system is
a single-range, highly stable oscillator followed by fre
quency dividers to provide the successively lower ranges.
Thus the high stability of one range is the stability of all,
and range switching is accomplished without any transi
ent instability. All-solid-state design ensures both low
drift warmup and high reliability.

Applications Important in the testing of devices with
steep-slope frequency characteristics are the stability,
residual fm, and settability of the signal source. Noise,
drift, or poor resolution can make it impossible to deter
mine the test frequency accurately enough. The 1003
eliminates these obstacles without introducing spurious
outputs, tuning complications, and potential signal leak
age.

Sweep operation and automatic tuning Two models of
the 1003 contain the Auto-Control I Sweep Unit which
enables the generator to be tuned automatically on com
mand to within 0.1% of any preset frequencies. Two fre
quencies, which will also act as limits for sweep operati?n,
can be set on front-panel controls; additional frequencies
can be preset externally for automatic tuning. In the
swept mode, the sweep rate can be set from 0.05 to 5%

per second and the sweep limits from 0.2% of the center
frequency to the full width of the frequency range in use.
Two potentiometers generate horizontal-sweep voltages
with resolution suitable for both narrow- and wide-band
sweeping. The rf output is blanked during return sweep
and an external blanking voltage is also generated.

The simpler manual-control models use a fast, fixed
speed drive motor for rapid coarse tuning and a very fine
manual vernier; this combination justifies the use of a
long, high-resolution frequency scale.

Frequency control Vital to the use of a standard-signal
generator is the accuracy with which frequency can be
determined, both absolute and relative. The long slide
rule of the 1003 is calibrated to within 0.25% for absolute
frequency readings; this main tuning control also has a
vernier scale that permits small changes and interpola
tion between crystal-calibrator frequencies to be made
to a resolution of 0.01%.

A separate front-panel ..Dof control, calibrated in ppm,
tunes electronically over a ±500-ppm range with a resolu
tion of 2 ppm. External control of this electronic tuning
facilitates phase locking the generator frequency and
gives a limited fm capability.

With external counters, for which outputs are provided,
these high-resolution capabilities can be further extended
to absolute frequency settability.

Thus, the excellent stability and control of the 1003
ensure that its frequency will change only when, and by
the exact amount, desired by the operator.

Modulation Internal 400- and 1000-Hz a-m is adjust
able and metered 0 to 95%; it has very low distortion
owing to the use of envelope feedback. External a-m is
provided for with a 20-kHz ac mode and a direct-coupled
mode for remote level control and low-frequency square
wave modulation. Incidental fm is unusually low.
- See GR Experimenter for July-August 1967 and September-October
1969.
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Catalog
Number

1003-9701
1003-9702
1003-9703
1003-9705
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The stability of the 1003 compared
with that of other signal generators.

1003 Standard-Signal Generator
Basic model 0
with Auto-Control/Sweep Unit
with Crystal Calibrator
with Auto-Control and Crystal Calibrator

Patent Number 3,529,260.

Description
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lation within modulation bandwidth. Dc coupled, dc to 20
kHz, carrier off with O-V input; 1.5-V output into 50 n with
+5 V into 10 kn. Max input 10 V pk.
Auxiliary Outputs: MAIN FREQUENCY: ;"0.5 V pk-pk cw into
50n at output carrier frequency. SUBHARMONIC FRE
QUENCY: ;"0.3 V pk-pk = squarewave behind 150 n. Fre
quency between 67 and 156 kHz is coherent and integrally
related to carrier frequency by factor N shown on main dial.
Environment: LEAKAGE: Negligible effect on receiver sensi
tivity measurements down to 0.1 p.V. TEMPERATURE: 10
to 50°C operating.
Supplied: GR874-to-GR874 patch cord, power cord, two 12
pin connectors for external controls.
Power: 105 to 125, 195 to 235, or 210 to 250 V, 50 to 60 Hz
(to 400 Hz for Auto-Control models), 33 W max.
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x1lx15.25 in. (483x279x387 mm); rack, 19x10.5x
12.75 in. (483x267x324 mm). WEIGHT: 64 Ib (30 kg) net,
87 Ib (40 kg) shipping.

SPECIFICATIONS

Frequency: 67 kHz to 80 MHz in 10 ranges of 67 to 156, 135
to 312, 270 to 625, 540 to 1250 kHz, 1.08 to 2.5, 2.16 to 5,
4.32 to 10,8.64 to 20, 17.28 to 40, and 34.56 to 80 MHz.
ACCURACY: ±0.25% (±0.1% typical); 140-in. logarithmic
scale, plus logging scale, with vernier, of 8500 div, 0.01%1 div.
Crystal Calibrator (in some models): tv1arkers at 50-kHz, 200
kHz, and I-MHz intervals, accurate to 20 ppm. Beat level ad
justable and suitable for sweep-calibration purposes.
Tuning: MANUAL: 1% per revolution of manual fine-tuning
control, calibrated in 0.01 % increments; fast tl,ming by push
button-controlled drive motor. ELECTRONIC: Internal ±500
ppm nominal, settable to better than 2 ppm. External = 60
ppml V to ±1000 ppm typical, limited fm capability. Input
±15 V max into 15 kn; + V increases frequency.
Auto-Control (Auto-Control models only): TUNING: Tunes on
command to preset frequencies (2 set by panel controls,
others by external voltages or voltage dividers); tuning speed
= 5%1 s, positioning accuracy 0.1%. SWEEP: Width adjust
able from 0.2% of center frequency to full width of selected
range. Rate adjustable from Mlf of 0.05% to 5%/s. Sweep
voltage output of 1 VII % frequency change for sweep widths
to 4% (±2% of center frequency); for wide sweeps output is
= 65 mV for 1% frequency change. Either output can be cen
tered with respect to ground. Blanking voltage of + 9V behind
15 kn (separate from sweep voltage) available during return
sweep. ANALOG OUTPUT: "" -7 V to 0 V behind 7.5 kn
(= 82 mV11% frequency change) proportional to shaft posi
tion or logging scale.
Stability: <5 ppm per 10 min after warmup, 1 ppm typical.
Frequency varies <1 ppm with ±1O% line-voltage change,
range switching (instant restabilization), rf-level adjustments,
or load variations. Warmup drift, 150 ppm typical, in 3 h at
20·C.
Distortion and Noise: DISTORTION: <5% typical. RESIDUAL
A-M due to hum and noise within 15 kHz: ;" 85 dB down, rela
tive to carrier. RESIDUAL FM: <3 Hz pk at high-frequency
end, <1 Hz pk at low-frequency end.
Rf Output: CWo 0.05 p.V to 3 V across 50 n (-133 to +22.6
dBm; to 180 mW). MODULATED: 0.05 p.V to 1.5 V across
50 n (-133 to +16.6 dBm; to 45 mW). IMPEDANCE: 50 n.
SWR: <1.02 with attenuator set for 0 dBm or less, <1.05 for
+10 dBm, <1.20 for +20 dBm. CONTROL: 155 dB total, i.e.,
140 dB in 10-dB steps with attenuator plus 10 dB or more
with continuous control. LEVELING: At full power, accurate
to ±1 dB; allowance for attenuator, ±0.1 dBIlO-dB step, ±0.5
dB max accumulated error. STABILITY: Warmup drift <0.3
dB, temperature effects <0.01 dBloC, line-voltage variations
<0.02 dB. METER: Reads volts across 50 nand dBm.
Modulation: LEVEL: 0 to 95% cOntinuously adjustable. Stable
within ±1 dB independent of carrier or modulation frequency
(within modulation bandwidth) and output level. BAND
WIDTH: At 100-kHz carrier, 500-Hz max modulation frequency
for 95% a-m and 2 kHz for 30% a-m; >l-MHz carrier, 3 kHz
max for 95%; >2.5-MHz carrier, 10 kHz max for 50%. ME
TER: Reads 0 to 100%. Accuracy ±5% fs with internal modula
tion, ±10% fs with external modulation, 0 to 95% within modu
lation bandwidth. INCIDENTAL ANGLE MODULATION: <0.1
rad pk at 30% a-m. INTERNAL: 400 and 1000 Hz ±O.5%, 2-V
output behind 100 kn available at panel connector. Envelope
distortion: <1% at 50% a-m, <2% at 70% a-m. EXTERNAL:
Ac coupled, 20 Hz to 20 kHz, 2 V into 2.5 kn for 95% modu-

o Federal stock numbers are listed before the Index.
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1026 Standard-Signal Generator
• 9.5 to 500 MHz, single-dial tuning

• 5-V output across 50.n. (500 mW), leveled

• crystal calibrator

• incidental fm < 1 ppm + 100 Hz

.• audio, video, and pulse a-m

• fm and phase-lock capability

Applications This vhf signal generator was designed
to meet the most exacting requirements for measure
ments on a-m receivers, filters, attenuators, and other
components and incorporates many convenience features
to let the operator give his full attention to the measure
ment rather than the instrumentation. The ease of opera
tion and outstanding performance of the 1026 in the
most critical applications must be experienced to be
appreciated.

Unusually high-level output signals are available for
antenna-pattern and impedance measurements, receiver
overload and cross~modulation tests, and measurements
of large insertion losses without auxiliary amplifiers and
the attendant setup and tuning problems. Similarly, pre
cision attenuation and excellent shielding make possible
tests with the very low signal levels required in other
receiver measurements. Carrier distortion, residual a-m
and fm, and incidental fm are all kept to very low levels.

Leveling High-gain feedback of the detected carrier
to the modulation amplifier provides very precise leveling
in all modes of operation, modulated and unmodulated.
With audio modulation, envelope 'feedback ensures low
envelope distortion; with pulse modulation, the peak of
the pulsed carrier is leveled.

Modulation versatility Amplitude modulation up to
95% can be imposed on the carrier from a highly stable
internal I-kHz' oscillator or from an external audio
source. The dc-coupled modulation input eliminates low
frequency phase-shift modulation. The characteristics
are suitable for glide-slope and omni-range receivers. In
addition, the generator has provisions.for wide-band ex
ternal modulation to 300 kHz and for pulse modulation
with an on-off ratio typically greater than 40 dB at full out
put. An accurate panel meter monitors modulation levels.

High accuracy The main frequency drum scales are
accurate to ±0.5% direct reading and can be calibrated
even more closely over small spans through use of the
internal 1 and 5 MHz crystal frequencies, both of which
are usable to 500 MHz and are accurate to ±0.001%. The
fiducial mark is adjustable to permit easy scale calibra
tion. Also provided is an auxiliary output to drive a fre
quency counter for extreme precision in the setting and
measuring of generator frequency. This output can be
disabled at will and isolated by > 100 dB. An external
signal applied to this same terminal will beat with the
generator frequency and generate a difference frequency
that is available at the Beat output jack; thus the 1026
will serve as a heterodyne frequency meter as well.

Fm and phase-locked operation The generator fre
quency can be electrically controlled by an external dc
or audio frequency signal. Good linearity is attained for
narrow-band fm throughout the carrier frequency range;
in the important 88-108 MHz range, peak deviations up
to 100 kHz are readily obtainable. Using an external
phase detector and dc amplifier, one can phase-lock the
generator frequency to an external frequency standard
for'stabi lity.
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Convenient Many features are included which not only
mean convenience for the operator but will also reduce
potential errors and permit operation by less-skilled per
sonnel. True single-dial frequency control speeds fre
quency setting and eliminates the misadjustments possi
ble with signal generators in which the amplifier tracking
depends upon auxiliary-trimmer adjustment by the op
erator. A parallax-free fiducial mark and illumination of

only the scale in use reduce possible error in frequency
readings. All controls and indicators are grouped by
function, and their use is self-evident, obviating frequent
reference to operating instructions. Output connectors
are easily convertible to practically any common coaxial
connectors with GR874® adaptors.

- See GR Experimenter for March 1967.

MHz, harmonics can add :'::3% and rectifier characteristic can
add :'::2% errors.
Modulation: Amplitude modulation provided in four modes:
INTERNAL 1 kHz: Modulation lev!;) I adjustaple 0 to> 95% and
metered to within :'::3% of reading :'::2% of full scale. Envelope
feedback provides leveling and holds distortion to < 1% at
30% modulation and < 3% at 80% modulation. Modulating
frequency, 1 kHz :'::0.5%; after 2-hour warmup stable to better
than 0.1 % over 8-hour period or for line-voltage variations of
:'::10%. .I-kHz signal available at MOD binding posts, about
2.5 V behind 100 kn.
EXTERNAL AUDIO: Response flat to dc, down < 0.5 dB at 10
kHz. Square-wave response 0 to 10 kHz; rise and fall time
< 10 jJ.s; overshoot < 10%; rampoff negligible. Modulation is
adjustable 0 to > 95% for dc to 5-kHz input, to > 70% at 10
kHz, and is metered to within :'::5% of reading :'::5% of full
scale for sine-wave inputs from 20 Hz to 10 kHz. For 95%
modulation < 3 V, peak required into 3 kn. Envelope feedback
provides leveling and holds distortion at 30% modulation to
< 1% up to 1 kHz, < 5% up to 10 kHz.
EXTERNAL WIDE BAND: Modulation level adjustable 0 to
> 80%. Response flat to:'::3 dB for 50-Hz to 300-kHz inputs at
carrier frequencies above 108 MHz. Average carrier is leveled
and metered, but modulation depth and linearity should be
monitored externally. For full modulation, about 0.6 to 3.5 V
(depending on carrier frequency) are' required into 3 kn.
EXTERNAL PULSE: Required input pulses, at least 10 V peak,
positive going (max 30 V); repetition rate 500 Hz to 150 kHz;
duration 1 to 300 jJ.S (min 3 jJ.S on 9.5- to 22-MHz range); max
50% duty' ratio. Input impedance 3 kn. Output pulse, dura
tion within :'::0.5 jJ.S of input; rise and fall times < 1 jJ.S each on
all ranges but 9.5 to 22 MHz (up to 3 jJ.s); rampoff < 5%. On
off ratio> 30 dB; at max output setting of carrier level is typi- 
cally> 40 dB. Peak amplitude of pulses is leveled and me
tered to within :'::1 dB added to accuracy specified for cw
leveling.
INCIDENTAL FM (accompanying a-m): < 1 ppm + 100 Hz pk
at 1 kHz, 50% a-m. RESIDUAL FM: < 0.05 ppm pk. RESI
DUAL A-M Due to hum and noise in 15-kHz bandwidth: ~70

dB below carrier level in cw, internal I-kHz, and external-
audio modes. -
Environment: LEAKAGE: Negligible effect on receiver sensitiv
ity measurements down to 0.1 jJ.V.

Supplied: GR874-to-GR874 patch cord, power cord, 12-pin
connector for external controls, phone plug.
Power: 105 to 125 or 200 to 250 V, 50 to 60 Hz, 90 W max.
Mechanical: Rack-bench cabinet. DIMENSIONS (wxhxd):
Bench, 19x17.75x15.25 in. (483x451x387 mm); rack, 19x
17.5x13 in. (483x445x330 mm). WEIGHT: 96 Ib (44 kg) net,
1561b (72 kg) shipping.

SPECIFICATIONS

Frequency: 9.5 to 500 MHz in 6 ranges (lowest 3 ranges are
linear) :

Frequency Vernier-Scale Scale
Range Main-Scale Interval Length
(MHz) Interval (kHz) (in.)

9.5 to 22 100 kHz 5 14.25
21.2 to 49.6 200 kHz 11 14.25
47.4 to III 500 kHz 25 14.25

100 to 220 1 MHz 45 to 60 13
216 to 430 2 MHz 80 to 150 10.5
400 to 500 2 MHz 150 4

ACCURACY: :'::0.5% direct reading, after initial adjustment of
fiducial mark; :'::0.01% with internal crystal calibrator at 1.0
MHz intervals, :'::0.05% typical by interpolation.
Calibration Provisions: INTERNAL CRYSTAL FREQUENCY:
:'::0.001% accuracy, provides calibration at 1- and 5-MHz in
tervals over entire frequency range. EXTERNAL COUNTER:
Output of = 0.1 to 1 V behind 500 n provided for calibration
by counter. When not needed, output can be disabled with
> 100-dB isolation; external counter can be simultaneously
disabled by a contact closure to eliminate interference from
counter's internal signals.
Tuning: MANUAL: Main frequency control, spinner'knob with
100-division vernier (25 turns per range) drives main drum
type dial; illuminated scale indicates selected range; parallax
free fiducial mark is adjustable for fine calibration. Ullcali
brated £If control spans :'::0.003% typical at low end of range to
:'::0.015% at high end; actual spans can vary 2: 1 depending on
frequency range. ELECTRONIC: External :'::20 V dc signal
varies frequency :'::0.04% typical at low end of range to :'::0.2%
at high end; actual spans can vary 2: 1 depending on frequency
range.
Stability: <50 ppm per 10 min after 1-h warmup to 400 MHz;
<100 ppm per 10 min to 500 MHz; <10 min required for re
stabilization after frequency change.
Harmonic Output: >30 dB below carrier.
RF Output: CW: 0.05 jJ.V to 5 V across 50 n (-133 to +27
dBm; to 500 mW). MODULATED: 0.05 jJ.V to 2.5 V across
50 n (-133 to +21 dBm; to 125 mW). Load SWR >2.0 may
restrict max output at some frequencies: IMPEDANCE: 50 n
resistive. SWR: <1.05 with attenuator set 0 dB or less; <1.2
for higher outputs, the source being viewed as a Thevenin
generator. CONTROL: 140 dB in 10-dB steps with voltage
and dBm calibration; continuous interpolation with metered
level control. Attenuator accuracy :'::1 % (:'::0.1 dB) per step
to -110 dBm, :'::2% (:'::0.2 dB) per step to -120 dBm; :'::0.5-dB
max accumulated error. CWoutput leveled to :'::3% (0.3 dB)
to 108 MHz and :'::5% (0.5 dB) to 500 MHz. STABILITY: Out
put constant within :'::0.0025 dB/ min or :'::0.01 dB/15 min
after 2-h warmup; line-voltage variation, :'::0.005 dB, max.
METER: Scales of 0.15 to 0.8 V, 0.5 to 2.5 V, and -13 to +1
dBm; scale extensions (in red, for cw use only) to 5 V and to
+7 dBm. Metering accuracy :'::5% to 108 MHz; above 108

Description

1026 Standard.Signal Generator

Catalog
Number

1026-9701

GENERAL RADIO 1973 CATALOG SIGNAL GENERATORS 235



1001-A
Standard-Signal
Generator

• 5 kHz to 50 MHz

• 0 to 80% amplitude modulation

• 0.05 }LV to 100 mV

Multiple use The 1001-A is an excellent laboratory
instrument for the testing of receivers and other audio or
rf equipment. Its simplicity also suits it to production
testing and its compact, light-weight construction adapts
it for use in field-strength measurements. Frequency
precision is constant due to the logarithmic dial calibra
tion, and a vernier is calibrated directly in percentage
frequency increments.

Internal amplitude modulation from 0 to 80% at 400
Hz is possible, and a panel meter allows either the carrier
level or the modulation percentage to be monitored.

SPECIFICATIONS
Frequency: 5 kHz to 50 MHz in 8 ranges, with ends at 5, 15,
50, 150, 500 kHz and loS, 5, IS, and 50 MHz. ACCURACY:
::!:1% of reading. Logarithmic scale to 15 MHz, departs slightly
from logarithmic at higher frequencies. Vernier-dial frequency
increment is 0.1 % per division to 15 MHz.
Stability: = 0.25% warmup drift; half the maximum is reached
in = 1.5 hr.
Signal Purity: DISTORTION: Envelope distortion <8% at 80%
a-m; carrier distortion = 7% except from 5 to 15 MHz where
it is = 15%.. NOISE: Carrier noise.level corresponds to = 0.1 %
modulation.
Rf Output: ATTEN OUTPUT: 0.1 /LV to 200 mV open circuit
(0.5 /LV to 100 mV across 50-n load*). ACCURACY: :!:(6%
+0.1 /LV) from 150 kHz to 10 MHz with output dial near full

scale or 1/10 full· scale, additional :!:4% at midscale; ::!:(10%
+0.3 /LV) above 10 MHz near full-scale output, additional
::!:lO% at other output-dial settings. SOURCE IMPEDANCE:
50 n* (10 n, without the 40 n in series, at most positions of
the Multiplier). 1000-P4 Dummy Antenna provides standard
(IEEE) test impedance; 1000-P10 Test Loop provides known
induction field for testing loop receivers. 2-VOLT OUTPUT:
2 V open circuit up to 15 MHz, when output meter is set to
reference mark; accuracy, :!:3% at mid frequencies. Source.
impedance, 300 n.

. Terminals: Rf output from 2 ports labeled Atten and 2 Volts.
Each port is a locking GR874 connector with grounded binding
post at standard spacing, so that dual banana plugs are also
accommodated. Short-circuit termination (supplied) normally
seals the unused port.
Environment: LEAKAGE: <1 /LV per meter, 2 ft from generator,
at 1 MHz.
Supplied: GR874-to-GR874 patch cord, 1000-P1 50-Ohm
Termination Unit, 1000-P2 40-0hm Series Unit, 874-Q2
Adaptor, TO-44 Adjustment Tool, 274-MB plug, power cord.
Power: 105 to 125, 195 to 235, or 210 to 250 V, 40 to 60 Hz
(115 to 125 V to 400 Hz), 65 W max.
Mechanical: Lab-Bench Cabinet. DIMENSIONS (wxhxd):
20.25x13.75xll in. (514x349x279 mm). WEIGHT: 54 Ib (25
kg) net, 67 Ib (31 kg) shipping.

* Providing that the 1000-P2 40-!l Series Unit is plugged into the output
connector, but removed whenever the Multiplier (attenuator) is set
for maximum output.

Description

100l-A Standard-Signal Generator ~

Catalog
Number

1001-9701

Catalog
Numhp.r

1000·9604
1000·9605

1000·9610

-8 ~'--""'7=O-""'I:!::OO'-----::'50~""'200=-.J
FREQuENCY- MHz IOOO-P5-1

+2 rr---:-~---,---.--,--,

~ -2HI.J.."-'q'---I----+--f-O--j
:::>..
~ -4 f-t::=-,,"*==-:-:c+=,--f--f----j

0-6~_l1

C16.19-1951). DIMENSIONS: 4.38 in. long x 0.88 in. dia
(lllx22 mm). WEIGHT: 0.25 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.
lOOO-P5 VHF TRANSFORMER
50 to 220 MHz. Produces·
an equal, balanced, open
circuit voltage behind a
300-n balanced· imped-
ance for measurements
of fm and TV receivers.
Plugs into a 50-n stan-
dard-signal generator; one ~ 0 1t71Jzt;~~~zzz~~Wl
terminal fits an Alden HA
902P Connector for stan
dard 300-n line, the other
a GR874® connector. DI
MENSIONS: 4.38 long x
0.88 in. dia (111x22 mm).
WEIGHT: 0.25 Ib (0.1 kg)
net, 1 Ib (0.5 kg) ship
ping.

Description

100lJ.P4 Dummy Antenna

100lJ.P5 VHF Transformer (to balanced 300!l)
1000-P10 Test Loop

r"
lOOO-P4 DUMMY ANTENNA
Provides the output· characteris
tics specified by IEEE in "Stan

dards on Radio Receivers, Methods of Testing Amplitude
Modulation Broadcast Receivers," 1948 (now ANSI Standard

lOOO-PIO TEST LOOP
3 MHz max. For testing radio
receivers with loop antennas in
accordance with ANSI C16.19"
1951. The 3-turn loop is en
closed in aluminum tubing for
elec'trostatic shielding. Field
strength in V/meter, 19 in. from
loop, is 1/10 generator output in
V, with a 50-n generator. Ac
curacy with 1001-A is ::!:15%
(::!:10% typical). DIMENSIONS
(wxhxd): 11.75x16.5x3.5 in.
(298x419x90 mm). WEIGHT:
4.5 Ib (2.1 kg) net, 6 Ib (2.8 kg)
shipping.

Standard-Signal-Generator
Accessories

o Federal stock numbers are listed before the Index.
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GR874® General-Purpose Coaxial Components
Over 24 years of design refinement General Radio

entered the coaxial component field over 24 years ago
with the introduction of the GR874® connector. This
connector offered not. only excellent electrical perform
ance but a major convenience feature - any two, al
though identical, could be mated. The hermaphrodite,
quick-connect GR874 connector was soon joined by a
family of circuit elements and adaptors using ·it. GR874
equipped instruments were added to solve the special
measurement problems of vhf and uhf and the availability
of these precise measuring instruments in turn made
possible a continuous refinement of the basic connector.

A universal choice The GR874 connector has gained
wide popularity; highly respected instrument manufac
turers have put the electrical and physical advantages of
these connectors to good use on their products.

Based on the GR874 connector is a full line of coaxial
components and instruments so that a user of the GR874
equipped laboratory need seldom turn to other connector
types for a needed element. If he does, there are GR874
adaptors to fit most other common types of connector.

> Locking connectors The GR874 connector is availa.ble
in both th~ common non locking version and a high-per
formance locking version. The locking version has a
threaded coupling nut that permits the two connectors to
be mechanically locked together in a stable, semi-perma
nent union for better electrical repeatability, lower leak
age, and less chance of accidental disconnection. The
quick-connect! disconnect feature is retained if the coup
ling nut is not engaged.

Electrical characteristics The GR874 connector has
truly outstanding reflection characteristics among stan
dard, general-purpose coaxial connectors in the dc-to-9
GHz frequency range. Its SWR performance is typically
superior to that of the type N connector, for example. Its
low level of reflections at high frequencies makes the
connector of particular value in pulse applications and in
time-domain reflectometry. GR874 cable connectors, in
fact, offer SWR performance superior to that of any cable
with which they can be used and therefore add no sig
nificant reflections when used in cabled measurement
set-ups. They also provide very low contact resistance,
an important" requirement to minimize intermodulation
in multichannel communications systems.

Cutaway· view of GR874 basic connector mated with GR874 cable
connector.

LOCKING NUT

...__---OUTER CONDUCTOR

UNUSED LOCKING NUT

INNER CONDUCTOR ."~L·'

Mechanical characteristics The elements of a GR874
connector include an inner conductor, an outer conduc
tor, a supporting polystyrene bead, a phosphor-bronze
retaining ring, and a threaded coupling nut. All metal
parts are machined -and formed to very close tolerances;
all are made of hard-drawn brass; except for the center
conductor which is heat-treated beryllium copper to en
sure good gripping capabil1ty and long wear. A bright
alloy finish on all surfaces produces good conductivity for
low loss and gives long-Iastrng protection against tarnish.

Inner and outer conductors are. similar in principle;
each is a tube with four longitudinal slots in one end, with
two opposite quadrants displaced inward. When two con
nectors are' joined, the undisplaced quadrants of one
overlap the displaced quadrants of the other.

;;;;..~- ---- .... _-

Leakage - note advantage of locking version (874-BBL).

GR874® 50-Ohm Connectors
Basic Connectors

GR 874-8 :-.... GR874-B8~-.......

I .' '.~~. . ~

I.' - f--"'"I::.., •
0 , , , , . . ,

Typical SWR of pairs of connectors

Basic 50·{)' Connector
874-B, non-locking
874-BBL, locking
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Cable Connectors

0874·9418
0874·9419

Catalog
Number

0874·9412
0874·9413

se'ries, -58A/U

0874·9416
0874·9417

-316/U, and non-50'n

Average SWR of single connector on
infinite length of 50-ohm cable.

~ l06I--+--=:p
l04 _,..-
l02 r:r'=:l7"---r~"""'''''--,

.J.Ql)0~·-+-~-+-7.--!:5-+-}--.l.
FREQUENCY GHl

Description

50·n Cable Connectors:
For GR 874-A2 Cable:

874·CA, non-locking 0874·941U
874·CLA, locking 0874·9411

For 50-11 cable including RG-8AfU, -9BfU, -10AfU, -87AfU, -1l6/U,
-156/U, -165/U, -166/U, 213/U, -214/U, 215/U, -225/U, -227/U, and
non-50-11 cable including RG-llA/U, -12A/U, -13A/U, -638/U, ·79B/U,
-89/U, -144/U, -146/U, -149/U, -216/U:

874·C8A, non-locking
874·CL8A, locking

For 50-11 cable including GR 874-A3, RG-29/U, -55/U
series, -141Af U, -142A/U, -159/U, -23/U:

874-C58A, non-locking . 0874·9414
874·CL58A, locking 0874·9415

For non-50-11 cable including RG59/U, -62/U series, -71B/U, -140/U,
-21O/U:

874-C62A, non-locking
874·CL62A. locking

For 50-11 cable including RG-174/U, -188/U,
cable including RG-161/U, -187/U, -179/U:

874-C174A, non-locking
874·CL174A. locking

For use with more than 40 different RG types of coaxial
cable. Each cable connector consists of a basic connector,
plus inner and outer transition pieces, a soft copper ferrule,
a heat disk, and a flexible cable guard. The transition pieces
maintain the 50-ohm characteristic impedance of the con
nector throughout the reduction to the cable diameter. The
cable inner conductor is soldered to the inner transition piece;
the cable braid and jacket are crimped to the outer transition
by the specially perforated ferrule. Braid and jacket are thus
securely fastened, to minimize reflections and leakage. A neo
prene cable guard serves as a protective handle. Sized to grip
the cable securely without compressing it, the cable guard
adds to the quick-connect/ disconnect convenience of the
connector. .

Frequency: Dc to 7.5 GHz.
Electrical: IMPEDANCE: 50.11. INPUT VOLTAGE, peak: For A
(874-CA, -CLA, -C8A. -CL8A): Up to 1000 V; for B (874-C58A,
-CL58A, -C62A, -CL62A): Up to 500 V; for C (874-C174A,
-CL174A): Up to 300 V. POWER, average into 50-.11 load: For
A, up to 20 kW, dc to 100 kHz, decreasing as 1hit to 0.1 kW
at 5 GHz; for B, up to 5 kW, dc to 500 kHz, decreasing as
1/0to 0.1 kW at 1 GHz; for C, up to 1.8 kW, dc to 300 kHz,
decreasing as 1/0to 0.1 kW at 80 MHz.
Mechanical: DIMENSIONS: 2.69 in. (68 mm) long x 1 in. (25
mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg) shipping.

Panel Connectors

0874-9448
0874·9449
0874-9469

0874-9459
0874-9479

0874·9442
0874·9443
0874-9463

-55/U series, -58/U

0874-9446
0874·9447
0874-9467

-316/U, and non-50-n

50·11 Panel Connectors:
For GR 874-A2 Cable:

874·PBA. non-locking 0874-9440
874-PLA, locking 0874·9441
874-PRLA, recessed locking 0874·9461

For 50-11 Cable including RG-8A/U, -9B/U, -lOA/U, -87A/U, -1l6/U,
-156/U, -165/U, -166/U, -213/U, -214/U, -215/U, -225/U, -227/U, and
non-50-11 cable including RG-llA/U, -12A/U, -13A/U, -63B/U, -79B/U,
-89/U, -144/U, -149/U, -216/U:

874·PB8A, non-locking
874-PL8A, locking
874·PRL8A. recessed locking

For 50-11 cable including GR 874-A3, RG-29/U,
series, -141A/U, -142/U, -159/U, -223/U:

874·PB58A, non-locking 0874·9444
874-PL58A, locking 0874·9445
874-PRL58A, recessed locking 0874·9465

For non-50-n cable including RG59/U, -62/U series, -71B/U, -140/U,
-210/U:

874·PB62A. non-locking
.874·PL62A, locking
874-PRL62A, recessed locking

For 50-11 cable including RG-174/U, -188/U,
cable including RG-161/U, -187/U, ·179/U:

874·PB174A. non-locking
874-PL174A. locking
874·PRL174A. recessed locking

For Wire Leads:
874·PLT, locking .
874-PRLT, recessed lockingrecessedlockingnon-Iocki ng

For use on equipment panels. Connectors are available to
fit the five popular cable sizes and wire leads. They are
mounted to a panel by means of a flange and four screws; the
non-locking connector can be mounted either front or back.
The recessed connectors protrude forward only 0.13 in. (3.2
mm), for space saving and neatness.

Electrical: IMPEDANCE: 50.11. INPUT VOLTAGE, peak: For A
(874-PB8, -PLA, -PRLA, -PB8A, -PL8A, -PRL8A): Up to 1000
V; for B (874-PB58A, -PL58A, -PRL58A, -PB62A, -PL62A, -PRL
62A): Upto 500 V; for C (874-PB174A, -PL174A, PRL174A):
Up to 300 V; for D (874-PLT, -PRLT): Up to 1500 V. POWER,
average into 50-.11 load: For A, up to 20 kW, dc to 100 kHz, de
creasing as l/ytto 0.1 kW ~ 5 GHz; for B, up to 5 kW, dc to
500 kHz, decreasing as 1hlf to 0.1 kWat 1 GHz; for C, up to
1.8 kW, dc to 300 kHz, decreasing as 1/0to 0.1 kW at 80
MHz; for D, up to 40 kW, dc to 50 kHz, decreasing as l/yf to
0.1 kWat 10 GHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Panel Feedthroug~ Connector

Mates any pair of GR874 connectors directly through a
panel or wall. Can be mounted as recessed or nonrecessed
panel locking connector. Can be mounted through thick bulk
heads 0.25 to 2 inches (51 mm), or more, in thickness by
counterboring.

Electrical: IMPEDANCE: 50.11, nominal. INPUT VOLTAGE: Up
to 1500 V pk. POWER, average into 50-.11 load: Up to 40 kW,
dc to 50 kHz, decreasing as l/yt to 0.1 kW at 10 GHz. 874·PFL Panel Feedthrough Connector 0874·9451
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GR874® 50-Ohm Adaptors
Conversion These adaptors provide easy conversion

from the GR874® connector to most popular military and
industrial coaxial connectors. Many of the adaptors are
available with locking GR874 connectors to allow semi
permanent attachment of the adaptor while ensuring
stable electrical performance.

Without degradation GR874 adaptors extend the use·
fulness of GR874 connectors without sacrificing electri
cal performance. The SWR of the combination of GR874
connector and GR874 adaptor is actually comparable to
that of the "other series" connector alone.

Excellent for OEM applications Original-equipment
manufacturers recognize the possibilities of these adap-

tors in combination with the GR874 recessed panel con
nector. An instrument originally equipped with these
connectors can be quickly converted by means of appro
priate GR874 adaptors to almost any coaxial connector
series; the resulting panel connector protrudes less than
an inch in front of the panel.

Replace countless adaptors Because any two GR874
adaptors mate, a few of them can perform a cross-connec
tion task that would otherwise involve a costly collection
of direct adaptors. For example, interconnection of
types BNC, C, Microdot, N, TNC, and UHF plugs and
jacks would require 72 direct adaptors, whereas only 12
GR874 adaptors are needed to do the same job.

Mechanical: All components housed in a rugged steel case
with piano hinge, 2 clasps, and carrying handle. DIMEN
SIONS: (wxhxd): 18.5x4x7 in. (470xl02x178 mm). WEIGHT:
4.5 Ib (2.1 kg) net, 6 Ib (2.8 kg) shipping.

Contains
-

Contains
Qty GR874 and GRType Qty GR874 and GR Type

2 BNC jack 874-QBJA 1 SMA jack 874-QMMJ
2 BNC plug 874-QBPA 1 SMA plug 874-QMMP
1 C jack 874-QCJA 1 TNC jack 874-QTNJ
1 C plug 874-QCP 1 TNC plug 874-QTNP
1 HN jack 874-QHJA 2 UHF jack 874-QUJ
1 HN plug 874-QHPA 2 UHF plug 874-QUP
3 N jack 874-QNJA 1 banana jacks 874-Q2
3 N plug 874-QNP (See also preceding paragraph.)

Equally simple is a second approach. Connect one adaptor
to another, with the second adaptor appropriate to whatever
type of patch cord you have available.

Supplied: In addition to the adaptors listed below, the kit also
includes one 874-T tee connector to connect stubs and other
elements in shunt with a coaxial line, one 874-EL 90· ell right
angle line section, and one 874-R33 three-foot 50-n cable ter
minated on one end with a GR874 connector and on the other
with banana plugs.

50-Ohm Adaptor Kit

• fifteen adaptors in one neat package provide the
answer to the connector dilemma

Tame the connector menagerie Your device is fitted with
type N connectors, your test equipment with UHF, and your
patch cords with BNC - is that what plagues you? Or have
you just wasted ten minutes trying to force one SMA plug onto
another? Frustrating as these experiences may be, they're in
evitable because of the multitude of connector types available
to manufacturers. There is a bright side, however, and it
comes in the form of a small gray box from General Radio. The
box contains 15 different adaptor types that allow you to
connect to any of 9 popular commercial and military connector
types - conveniently and with a minimum of the usual
fumbling.

With a double approach All adaptors in the kit have one
connector type in common, the GR874. These connectors are
hermaphroditic; i.e., any two, although identical, can be
plugged together - no more worrying about whether you
need a jack or a plug or whatever.

One approach to the problem is simply to connect the ap
propriate adaptor to each end of a GR874® patch cord and
then connect it from one device to the other.

Description

874-9099 Adaptor Kit

Catalog
Number

0874-9099
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GR874® 50-0hm Adaptors (Refer also to Types 274, 776, and 777.)

Adaptors to BNC---_.:.-_------------------------

50-fi Adaptors to BNC
874-QBJA, BNC jack, non-locking GR874 connector
874-QBJL. BNC jack, locking GR874 connector
874-QBPA. BNC plug, non-locking GR874 ~onnector
874·QBPAL, BNC plug, locking GR874 connector

Catalog
Number

o 0874·9700
o 0874·9701
o 0874·9800

0874·9801

4 5
FREQlE.NCY-GH,

874-0BJA,..Q8PA

I
I

'''' I
/ "' / I

./ ~

1.12

1.10

874-QBPA 1.00 0874-QBJA

Description

Four adaptors are available; two include a BNC jack with
either a non-locking or a locking GR874 connector, and two
include a BNC plug with either a non-locking or a locking
GR874 connector.

Frequency: Dc to 8.5 GHz.
Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE:
Up to 500 V pk. POWER, average into 50-n load: Up to 5 kW,
dc to 500 kHz, decreasing as 1/vrto 0.1 kW at 1 GHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Adaptors to C

50-fi Adaptors to C
874·QCJA. C jack, non-locking GR874 connector 0
874·QCJL, C jack, locking GR874 connector
874·QCP, C plug, non-locking GR874 connector 0

0874-9702
0874-9703
0874·9802

3 5
FREOUE:HY-CHz

874-QCJA,-QCP

r~

/ "- / \
V 1\

V ~ p~~~L

, 4 7

1.10

1.08

874-QCP ,.00 0874-QCJA

Three adaptors are available: two include a type C jack
with either a non-locking or a locking GR874 connector, and
one includes a type C plug with a non-locking GR874 con
nector.

Frequency: Dc to 8.5 GHz.
Electrical: IMPEDANCE: 50.n nominal. INPUT VOLTAGE: Up
to 1000 V pk. POWER, average into 50-n load: Up to 20 kW,
dc to 100 kHz, decreasing as l/vlfto 0.1 kW at 5 GHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Adaptors to HN

FREQUENCY-GMl

50·fi Adaptors to HN
874-QHJA, HN jack, non-locking GR874 connector 0
874·QHPA, HN plug, non-locking GR874 connector 0

0874·9704
0874-9804

874-0HJA..OHPA /i"'..
I

/1\ TYPICAL
PAIR

'\V !
1/ I
c , 2 3 4 5 • 7 8 .

"0

'02

108

~ '06.
~ '04

QHPAQHJA

Two adaptors are available; one includes a type HN jack and
the other includes a type HN plug. Each us(;!s a GR874 non
locking connector on the other end.

Frequency: Dc to 8.5 GHz.
Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE: Up
to 1500 V pk. POWER, average into 50-n load: Up to 40 kW,
dc to 50 kHz, decreasing as l/vlfto 0.1 kWat 10 GHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Adaptors to Microdot

Three adaptors are available: two include a Microdot jack
with either a non-locking or a locking GR874 connector, and
one includes a Microdot plug with a non-locking GR874
connector.

50·fi Adaptors to Microdot
874-QMDJ, Microdot jack, non-locking GR874 connector 0874·9720
874·QMDJL, Microdot jack, locking GR874 connector 0874·9721
874·QMDP. Microdot plug, non-locking GR874

connector 0 0874·9820

Frequency: Dc to 4 GHz.
Electrical: 1M PEDANCE: 50 n, nominal. INPUT VOLTAGE: Up
to 300 V pk. POWER, average into 50-n load: Up to 1.8 kW,
dc to 300 kHz, decreasing as 1/ vIfto 0_1 kW at 80 MHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

874·QMDJ 874-QMDP

o Federal stock numbers are listed before the Index.
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GR874® 50-ohm Adaptors (Cont'd)

Adaptors to N

0874-9710
0874-9711
0874-9810
0874·9811

Catalog
Number

874·QNJI..,-ONPl. In
1 I

- / !"TYPCAl PAIR

r-.. I I
./ I I, . . , • •

'D2

'00
0

,.os

• '06•~'04

1.10

50-n Adaptors to N
874·QNJA, N jack, non-locking GR874 connector ~

874-QNJL. N jack, locking GR874 connector ~.

874·QNP, N plug, non-locking GR874 connector ~
874·QNPL. N plug, locking GR874 connector

Description

Four adaptors are available; two include a type N jack with
either a non-locking or a locking GR874 connector, and two
include a type N plug with either a non-locking or a locking
GR874 connector.

Frequency: Dc to 8.5 GHz.
Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE: Up
to 1000 V pk. POWER, average into 50-n load: Up to 20 kW,
dc to 100 kHz, decreasing as 1/Yfto 0.1 kW at 5 GHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Adaptors to SMA

Four adaptors are available; two include an SMA jack with
either a non-locking or a locking GR874 connector, and two
include an SMA plug with either a non-locking or a locking
GR874 connector. These adaptors also mate with NPM, STM,
and others. 874-QMMJ 874-QMMP

Frequency: Dc to 8.5 GHz.
Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE: Up
to 300 V pk. POWER, average into 50-n load: Up to 1.8 kW,
dc to 300 kHz, decreasing as 1/Yfto 0.1 kW at 80 MHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

5o.n Adaptors to SMA
874-QMMJ, SMA jack, non-locking GR874 connector
874·QMMJL. SMA jack, locking GR874 connector
874·QMMP, SMA plug, non-locking GR874 connector
874·QMMPL. SMA plug, locking GR874 connector

0874-9722
0874·9723
0874·9822
0874-9823

Adaptors to TNe

50-n Adaptors to TNC
874-QTNJ, TNC jack, non-locking GR874 connector ~ 0874-9716
874·QTNJL. TNC jack, locking GR874 connector ~ 0874·9717
874·QTNP, TNC plug, non-locking GR874 connector ~ 0874·9816 • •, .

FREOVENCY -GHl;

874·QTNJ. - QTNP

I" I
\ I

I I
/

v " r- TYPICAl.. PAIR

...... I, 4

'K>

",

'-04

1.00
0

~ 1.08

'06

874-QTNP '.Hi874-QTNJ

Catalog
Number

Three adaptors are available; two include a TNC jack with
either a non-locking or locking GR874 connector, and one
includes a TNC plug with a non-locking GR874 connector.

Frequency: Dc to 8.5 GHz.
Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE: Up
to 500 V pk. POWER, average into 50-n load: Up to 5 kW,
dc to 500 kHz, decreasing as 1/Yfto 0.1 kW at 1 GHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.
Description

Adaptors to UHF

Three adaptors are available; two include a UHF jack with
either a non-locking or a locking GR874 connector, and one
includes a UHF plug with a non-locking GR874 connector.

Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE: Up
to 500 V pk. POWER, average into 50-n load: Up to 5 kW,
dc to 500 kHz, decreasing as 11Yf to 0.1 kW at 1 GHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

874-QUJ

50·n Adaptors to UHF
874·QUJ, UHF jack, non-locking GR874 connector ~

874-QUJL, UHF jack, locking GR874 connector
874-QUP, UHF plug, non-locking GR874 connector ~

0874-9718
0874·9719
0874·9818

Adaptor to 7-mm Precision

so.n Adaptor to 7·mm Precision
874-QAP7L, Amphenol APC·7, locking GR874-connector ~ 0874·9791

One adaptor is available and includes an Amphenol APC-7,
7-mm precision, connector on one end and a locking GR874
connector on the other end.

Frequency: Dc to 8.5 GHz.
Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE: Up
to 1000 V pk. POWER, average into 50-n load: Up to 20 kW,
dc to 100 kHz, decreasing as 1/0to 0.1 kW at 5 GHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

874-QAP7L

~'04~1 I I rn~ ::CTYPICAl PAIR
0123456789

FAEOU£M:T-GHz

Z;S Federal stock numbers are I isted before the Index.
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Adaptor to GR900® Connector

One adaptor is available and includes a GR900 preCISion
connector on one end and a locking GR874 connector on the
other end.

Frequency: Dc to 8.5 GHz.
Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE: Up
to 1500 V pk. POWER, average into 50-n load: Up to 40 kW,
dc to 50 kHz, decreasing as 1/0to 0.1 kW at 10 GHz.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Descript ion

50-n Adaptor to GR900
874-Q900L, GR900 and locking GR874 Connectors

Catalog
Number

0874·9709

Adaptor to Binding Posts

One adaptor is available and includes a pair of 0.75-in.
spaced binding posts on one end and a non-locking GR874
connector on the other end. Mates with banana plugs. (Note:
A single post is also available, on the 874-MB Coupling Probe.)

Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

874-Q2

50·n Adaptor to binding post
874'Q2, jacks, non-iocking GR874 connector 0874·9870

Adaptors to Banana Plugs

Two adaptors are available; each includes a pair of 0.75-in.
spaced banana plugs and a non-locking GR874 connector on
the other end. One adaptor is completely shielded; the other
has unshielded banana plugs.

Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping. 50-n Adaptors to banana plugs

777-Q3, shielded plugs
874·QI0, unshielded plugs

874-Q10

0777·9703
0874·9876

Balun

This is a tuned coaxial 4: 1 transformer that matches 50-n
coaxial line to 200-n balanced line and thus extends the use
fulness of generally available coaxial instruments to balanced
devices. Used with a slotted line, network analyzer, admit
tance meter, or transfer-function and immittance bridge, the
balun permits measurements on balanced components over
a frequency range from 54 MHz to 1 GHz without appreciable
insertion loss or transformation error.

Tuning: 54 MHz to 1 GHz with following accessories (not
supplied):

Supplied: 874-UB-P1 300-n Terminal, 874-WN3 Short-Circuit
Termination, 874-W03 Open-Circuit Termination.

Recommended: 874-LK20L Adjustable Line (for use with
1602-B UHF Admittance Meter), one 874-Z Stand, and appro
priate tuning elements as listed in the table.
S74·UB·P2 200:0hm Terminal Unit: Connects balun directly
to 200-n transmission line or to balanced components via
screw terminals. FREQUENCY: Dc to 1 GHz. IMPEDANCE:
200 n. SWR: 1.2 to 300 MHz, 1.3 to 1 GHz. TRANSMISSION
LINE: RG-85/ U recommended.
S74·UB·P3 300·0hm Terminal Pad: Converts the 200-n bal
anced output impedance, characteristic of the balun, to 300 n.
Facilitates power and voltage measurements on balanced
300-n systems with signal generators and detectors designed
for use with 50-n coaxial circuits.
Mechanical: DIMENSIONS (wxhxd): ·UBL, 3.13x3.38x2.38 in.
(79x86x60 mm); ·P2 or ·P3, lx1.75x2.2 in. (25x44x56 mm).
NET WEIGHT: ·UBL, 1.3 Ib (0.6 kg); ·P2 or ·P3, 0.6 oz (17 g).

0874·9921
0874·9923
0874·9924

874-UB-P2 I I
/TYPICAL ~

2

"i.-T ,
1/ }

/ ---' I~
200 400 600 BOO 1000

FREQUENCY-MHz

874-UBL Balun with two
Stubs and one 874-Z Stand.

1.4

a:
~I.
en

874-UBL Balun
874-UB-P2 200-0hm Terminal Unit
874·UB-P3 300 Ohm Terminal Pad

Two 874-VCL and two 874-XL
Two 874-VCL and two 874-L30
Two 874-VCL and two 874-L20
Two 874-VCL and two 874-LlO
Two 874-D50L and two 874-L30
Two 874-D20L and two 874-L30
Two 874-D20L and two 874-L20
Two 874-D20L and two 874-LlO
Two 874-D20L

Tuning Elements Required

54 to 88 MHz
88 to 140 MHz

140 to 174 MHz
174to 216 MHz
170 to 280 MHz
225 to 280 MHz
275 to 380 MHz
350 to 525 MHz
470 to 1000 MHz

Frequency
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GR874® Terminations and Attenuators
for 50-Ohm Systems

Short-Circuit Terminations

Short-circuit terminations are useful in establishing initial
coaxial line-length conditions for impedance measurements.
Each termination consists of a fixed short-circuit mounted in
a GR874 connector. Each of three versions has a counterpart
open-circuit termination.

Frequency: Dc to 7 GHz; to 9 GHz if connector is locked.
Plane Position: Short-circuit plane is effectively 0 to 0.07 cm
toward load from the generator face of bead, except in -WN3
where it is 3.2 cm (see drawing). (3.2 cm correspond to the
bead-to-reference-plane distance in 874-ML Component Mount
and 874-UBL Balun).

Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg) ship
ping.

POSITION Of
EFFECTIVE
SHORT CIRCUIT

874-WN3

874-WN3

874-WNL

0874-9970
0874-9971
0874-9972

Catalog
Number

Short·Circuit Terminations for 50·n Lines
874-WN, non-locking GR874 connector <s>
874-WNL, locking GR874 connector
874-WN3, non-locking GR874 connector <s>

Description

Open-.Circuit Terminations

Open-circuit terminations are useful in establishing initial
coaxial line-length conditions for impedance measurements
and as a shielding cap for open-circuited lines.

Frequency: Dc to 7 GHz; to 9 GHz if locked.
Plane Position (effective position of open-circuit plane, meas
ured from generator face of bead, toward load): 0 to 0.05 cm,
for 874-WO; 0 to 0.10 cm, for -WOL, see curve; 3.2 cm, for
-W03, see drawing. The latter position corresponds to that
of the short-circuit plane in the 874-WN3 (3.2 cm also cor
respond to the bead-to-reference-plane distance in 874-ML
Component Mount and 874-UBL Balun).
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg) ship
ping.

Open.Circuit Terminations for so.n Lines
874-WO, non-locking GR874 connector 0
874-WOL, locking GR874 connector
874-W03, non-locking GR874 connector 0

0874-9980
0874-9981
0874-9982

874-WOL

874-W03

oo:,,~ri·7~4-i"'~·-~WOLi~PlAN~IE~~tr-~~i'/~~'874~-~WO~~~~~~~4-WOL
-00'0 3 4 5

FREQl.£NCY-GHz

(S!:-Il-,~~
POLYSTYRENE 3cm EFFECTIVE

BEAO ( ELECTRICALlY ll~. sco.om OPEN CIRCUIT
DEPENDENT ON FREQUENCY 1

874 -W03

Resistive Terminations

. .
Catalog
Number

0874-9954
0874-9955
0874-9956
0874·9958

3 4 .5 6
FREOlJENC'r-GHz

! 191-'''R'--4--t-t-+--+--t-r-I

-'""""'.....;;ll' 874-W100

Resistive Terminations for 50·n Lines
874-W50B, 50 n, non-locking GR874 connector 0
874-W50BL, 50 n, locking GR874 connector <s>
874-WI00, 100 n, non-locking GR874 connector
874-W200, 200 n. non-locking GR874 connector

Description

Resistive terminations are useful in slotted-line measure
ments and for checking accuracy of network analyzers, direc
tional couplers, bridges, and admittance meters. The known
location of a purely resistive termination permits the produc
tion of many known complex impedances through the addi
tion of sections of 874-L Air Line, fixed or adjustable.

Frequency: Dc to 9 GHz for -W50B and -W50BL; dc to 2 GHz
for -WlOO and -W200.
Dc Resistance: 50 n ± 0.5% for -W50B and -W50BL; 100 n
± 1% for -WlOO; 200n ± 1% for -W200.
Electrical: POWER, max continuous: 2 W for -W50B and
-W50BL, 0.35W for -WlOO, 0.25 W for -W200. SWR: < 1.005
+ 0.013 fGH• for -W50B and -W50BL; also see curves.
Mechanical: WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg) ship
ping.

Adjustable Stubs

Electrical: IMPEDANCE: 50 n, nominal.
Mechanical: NET WEIGHT: 874-D20L, 0.5 Ib (0.2 kg); 874
D50L, 0.9 Ib (0.4 kg).

For matching or tuning, for use as adjustable short-circuit
terminations, and as reactive elements. With an external in
dicator, the stub can function as a reaction-type wavemeter.
Stub consists of a coaxial line with a sliding short circuit of
the multiple-spring-finger type.

Frequency: Dc to 8.5 GHz.
Length: 874-D20L: 20 cm max travel, calibrated in electrical
distance from junction in 874-T tee to plane of short circuit.
874-D50L: 50 cm max travel, not calibrated but has an adjust
able reference marker.

Adjustable Stubs for 50-n Lines
874-D20L, 20 cm, locking GR874 connector 0
874-D50L, 50 cm, locking GR874 connector <S>

0874-9511
0874·9513

<S> Federal stock numbers are listed before the Index.
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Variable Capacitor

Tuning element for resonant-line circuits, matching trans
formers, and baluns at low frequencies where line-type ele
ments are awkward to use. Well shielded, Rexolite* insula
tion, precision ball bearings. Linear capacitance variation.

Frequency: <500 MHz, typical.
Capacitance at low frequencies: 14 to 70 pF at connector, 16.5
to 72.5 pF at junction of 874-T Tee. Refer to graph.
Mechanical: DIMENSIONS: 5.25 in. (133 mm) long x 2.5 in.
(64 mm) dia. WEIGHT: a.8lb (0.4 kg) net.
* Registered trademark of Brand Rex Division, American Enka Corpo
ration.

Description

874·VCL Variable Capacitor, with locking GRB74
connector

Catalog
Number

0874·9931

Fixed Attenuators

Single-section, F type resistance pads, for insertion of fixed
attenuation in 50-ohm systems and for isolation and matching
to 50 ohms over a broad frequency range. Each attenuator
consists of one disk and two cylindrical resistors, as shunt
and series elements respectively. The 6-, 14-, and 20-dB
attenuators are particularly convenient in pUlse applications
as voltage dividers.

Frequency: Dc to 4 GHz.
Attenuation Accuracy (relative to correction curves shown):
± 0.2 dB, dc to 1 GHz; ± 0.4 dB, to 2 GHz; ± 0.6 dB, to 4 GHz.
TEMPERATURE COEFFICIENT: <0.0003 dBI °CI dB.
Electrical: DC RESISTANCE: 50 !1 ± 1% when terminated in
50!1. INPUT POWER, max: 1 W cw or average; 2 kW peak,
pulsed.
Mechanical: DIMENSIONS: 3.5 in. (89 mm) long. WEIGHT:
0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg) shipping.

874-G, non-locking

,
FREOUENCY - GHI

Correction factor

Typical and specified SWR

I

I
TYPE 874-G6""...

~
p- .!.- --- -----.....

-~-.... r.......
~~GIO

......... -614 '.,
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'-
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,

3 4

FREQUENCY-GHz

I
/....,~G6

,/ I
874-G1O

SPEClflCATlONS / .--V
/1 /. 7" 874-G3

I "--... -== II, '-'+J./ I v;-
I L./: ,...- ......~~~.

1-. - - ::..l I

1.30

1.20

1.10

1.00

2.00

1.'30

1.80

1.70

1.60

'"~ 1.50

140

0874·9564
0874·9565
0874·9568
0874·9569
0874-9570
0874·9571
0874·9560
0874-9561
0874·9572
0874·9573

50·n Fixed Attenuators·
874-G3, 3 dB ± 0.045 dB, non-locking 0
874-G3L, 3 dB ± 0.045 dB, locking
874-G6, 6 dB ± 0.09 dB (X2), non-locking 0
874·G6L, 6 dB ± 0.09 dB (X2j, locking
874-GI0, 10 dB ± 0.15 dB, non-locking 0
874·GI0L, 10 dB ± 0.15 dB, locking 0
874-G14, 14 dB ± 0.21 dB (X5l, non·locking
874-G14L, 14 dB ± 0.21 dB (X5), locking
874·G20, 20 dB ± 0.30 dB (XlO), non-locking 0
874-G20L, 20 dB ± 0.30 dB (XI0), locking

* Connector on each end; locking or non-locking, as noted.

Adjustable Attenuator

SWR: MAIN LINE: < 1.03 at 1 GHz, < 1.12 from 1 to 4 GHz.
OUTPUT: < 4 at 1 GHz, < 5 from 1 to 4 GHz.
Electrical: INPUT POWER, max: 300 Wat 1 GHz; proportional
1/yr. OUTPUT, max: 0.5 W.
Mechanical: WEIGHT: 1.3 Ib (0.6 kg) net.

874-GAL 500n Adjustable Attenuator 0

A waveguide-below-cutoff type, useful as a calibrated at
tenuator or as a sampling device. Calibrated in decibels, on
a micrometer-type scale. Absolute attenuation is the sum of
insertion loss and scale reading. Phase shift is essentially
constant as the attenuation is varied. The main 'line is a short
coaxial section with locking GR874 connectors, one end for
source, the other for load. It introduces minimal discon
tinuity when inserted in a 50-ohm line. The loop output is
brought out through 3 feet of 50-ohm cable with a locking
GR874 connector. If a source is connected to this output port,
signals with relative phases of 0° and 180° are produced at
the main line connectors.

Frequency: 100 MHz to 4 GHz.
Relative Attenuation: RANGE: 120 dB, with main line ter
minated in 50 !1; 129 dB, with main line terminated in
adjustable stub, set to minimize electric field at the coupling
point. MICROMETER SCALE: -9 to 120 dB. ACCURACY:
For 50-!1 terminated input, ± (0.015 x difference in scale
readings + 0.2) dB, when corrected; correction chart is sup
plied. For stub-terminated input, ± (0.01 x difference in scale
readings + 0.2) dB, direct reading.
Insertion Loss from input connector to end of output cable at
1 GHz, when signal source impedance is 50 !1: For 50-!1 termi
nated main line, 30.4 ± 2 dB with scale set at 0 dB; 17 ± 2 dB
with scale set at -9 dB (settings below 0 dB not accurate).
For stub-terminated unit (that extends range over which cali
bration is accurate to the -9 dB scale setting), 19 ± 2 dB min.
Insertion loss is approx proportional to I/f, up to 1 GHz. In
sertion loss directly through main line is negligible.

Descr;ption

1.16

1.14

1.12

a:: 1.10

~1.08

1.06

1.04

1.02

1.00

SWR introduced into line

I I
I I 874-G~ '\
I 1/ / \

SF'ECIFICATK)N / \
/ /'TYPICAL \

/ v"- ----'"
/.

---- 4

FREOUENCY-(;Hz

Catalog
Number

0874·9577

~ Federal stock numbers are listed before the Index.
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The remote-only model offers small size
and reduced cost for systems use.

The manual-remote model offers manual control
and a cabinet for bench use.

)

J

1452 Programmable Attenuator New Since
CatalogU

applied to rear 14-pin type 57 connector on manual-remote
and remote-only models. SWITCHING TIME: <500 JLS includ
ing settling time at max rate of 2000 changes/ s for l~dB steps,
400 for 10-dB steps, 300 for 20-dB steps, and 200 for 40-dB
steps.

Attenuation ±{l% I ±(o.~% I ±(1% ±(1%
Accuracy' +0.4 dB) +0.2 dB) +0.4 dB) +0.7 dB)

SWRt < 1.4/1.1 I < 1.6/1.3 <1.8/1.5
Insertion Loss ';;2 dB .;; 2.8 dB
Maximum 0.02W, 10

.
1

W, I 0.5W,
Input 1V 2.2 V 5V

Environment: TEMPERATURE: 0 to +55°C operating, -40 to
+75°C non-operating. HUMIDITY: 95% RH and +40°C. VI
BRATION: 0.03 in. from 10 to 55 Hz for manual-remote model,
10 to 41 Hz for remote-only model. -BENCH HANDLING: 4 in.
or 45° (MIL STD-810A-VI). SHOCK: 30 G, 11 ms. DROP: 30 in.
Power: 100 to 125 and 200 to 250 V, 50 to 400 Hz, 21 W max.
Mechanical: Manual-remote and remote-only models. DIMEN
SIONS (wxhxd): Manual-remote, 8.5x3.47x13.39 in. (216x88x
340 mm); remote-only, 9.13x3.47xlO.64 in. (232x88x270
mm). WEIGHT: Manual-remote, 8 Ib (3.7 kg) net, 11 Ib (5 kg)
shipping; remote-only, 5.5 Ib (2.5 kg) net, 8.5 Ib (3.9 kg)
shipping.

500
MHz

300
MHz

1 10 100
MHz MHz MHz

10
kHz

• Accuracy as % of attenuation setting. t Max/typical.

Typical switching
transition a to 20-dB
attenuation at 30 MHz;
1 ms/ div horizontal,
10 dB/ div vertical.

SPECIFICATIONS
Frequency: 10 kHzto 500 MHz.
Impedance: 50 .n.
Attenuation: 0 to 80 dB with I-dB resolution. Controlled by
two in-line-readout panel rotary switches (0 to 79 dB) on man
ual-remote model or remotely (0 to 80 dB) by 40-20-10-8-4-2-1
BCD signal at standard DTL and TTL levels (negative true, logic
"I" .;; ± 1 Vat 0.7 mA, logic "0" = +3.5 to +5 Vat 0 mAl

aO·dB, no waiting The 1452 provides any attenuation
from 0 to 80 dB for any signal from 10 kHz to 500 MHz
in less than half a millisecond! Signals up to a half watt
are accommodated at most frequencies; insertion loss
and SWR are minimal.

Reliable and adaptable There are no life-limited relays
in the 1452; all switching is accomplished by solid-state
devices. The accuracy is achieved by precision metal
film resistors with long-term stability, and careful design
of the attenuator networks preserves their 50-ohm char
acteristic impedance.

Two models are offered. One allows manual, as well as
remote, control of the attenuator. It includes a cabinet
for bench use which can also be adapted for installation
in a standard rack. The other saves money and space in
systems applications by excluding manual control and
instrument cabinet.
- See GR Experimenter for October-December 1970

• all solid-state - no relays

• 10 kHz to 500 MHz

• 0 to 80 dB in 1-dB steps

• high accuracy

• fast switching, < 500 p.,s

• precision metal-film resistors
ensure long-term stability

Rear view of
manual-remote model.

Description

1452 Programmable Attenuator
Manual-Remote, Bench Model
Manual-Remote, Rack Model
Remote-Only Model

Rack Adaptor Set, for manual-remote model

Catalog
Number

1452·9700
1452·9701
1452·9702
0480-9722
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GR874® 50-Ohm Air Lines
Fixed Air Lines

For use as spacing interconnecting elements of a coaxial
system, as time-delay elements, and as absolute impedance
references in time-domain reflectometry. Each air line con
sists of a length of 50-0, air-dielectric coaxial line with a
GR874 connector at each end.

Frequency: Dc to 7 GHz; to 9 GHz if connectors are locked.
Electrical: IMPEDANCE: 500 INPUT VOLTAGE: Up to 1500 V
pk. POWER, average into 50-0 load: Up to 40 kW, dc to 50
kHz, decreasing as l/y'f to 0.1 kW at 10 GHz.

Length: ELECTRICAL DELAY TIME

789
Catalog
Number

0874-9604
0874-9605
0874-9608
0874-9609
0874-9612
0874-9613

63 4 5
FREQUENCY- GHz

I I
SPECIFICATION

_I-""
I 1.-> fTYPlC.'L
Y
~l

1.10

1.08

Q: 1.06

~1.04
1.02

1.00
0

874-L, non-locking

Descri ption

500n Fixed Rigid Air Lines
874-110, 10 cm, non-locking GR874 connectors ~
874-110L, 10 cm, locking GR874 connectors
874-L20, 20 em, non-locking GR874 connectors ~

874-L20L, 20 cm, locking GR874 connectors
874-L30, 30 cm, non-locking GR874 connectors ~

874-L30L, 30 em, locking GR874 connectors

0.3366 ± 0.0018 ns

0.6706 ± 0.0018 ns

1.0047 ± 0.0018 ns

10.086 ± 0.06 cm

20.096 ± 0.06 cm

30.111 ± 0.06 cm

874-L10, -L10L

874-L20, -L20L

874-L30, -L30L

Adjustable Air Line

7.....

/ """'-
0

'\.

/ "\ 874-LAl

r"',.

/ '"l/<
/ - .lc-

~ ;;::r L,
::.-/I--.V ..........

-
llO

1.5

• LZO

'"~ 1.30

1.60

3 •
fREQUENCY GHz

Typical SWR curves
(solid lines) and 874
LK10L specifications
(colored dashes).

An air-dielectric coaxial line that can be telescoped to
change its length. For use in matching networks, as a phase
shifter, and as a variable line-delay element. Contacts are
made by mUltiple-spring fingers and connectors are locking
GR874.

Frequency: Dc to 7 GHz.
length of Adjustment: 25 cm (half wavelength at 600 MHz).
Electrical: IMPEDANCE: = 500 when fUlly collapsed, = 57 n
when fully extended. INPUT VOLTAGE: Up to 1500 V pk.
POWER, average into 50-0 load: Up to 40 kW, dc to 30 kHz,
decreasing as 11y'f10 0.1 kW at 5 GHz.
Mechanical: LENGTH: 13 to 23 in. (33 to 58 cm).

500n Adjustable Air Line
874-LAL, 25 em, locking GR874 connectors ~ 0874-9621

constant-Impedance Adjustable Air Lines

Line stretchers with a very low SWR and a uniform charac
teristic impedance of 50 o. Especially useful for eliminating
the usual Smith-chart corrections for length of line between
unknown and impedance-measuring device. Also useful as
impedance-matching transformers and phase-adjustment ele
ments in coaxial systems. Most useful at frequencies above
that for which the length of adjustment is a half wavelength.

Frequency: Dc to 7 GHz.

Electrical: IMPEDANCE: 50 o. INPUT VOLTAGE: Up to 1500
V pk. POWER, average into_ 50-0 load: Up to 40 kW, dc to
30 kHz, decreasing as 1/y'f to 0.1 kW at 5 GHz.
Mechanical: LENGTH (min): -LKlOL, 14 in. (35 cm); -LK20L,
23 In. (58 cm).

< 1.03 at 500 MHz, < 1.06 at 1 GHz,
< 1.08 at 1.5 GHz, < 1.10 at 2 GHz

< 1.15 at 3 GHz, < 1.2 at 4 GHz, I< 1.25 at 5 GHz

Length of
Adjustment

HALF
WAVELENGTH

SWR, also
see curve
above

874-LKlOL

10 cm

at 1.5 GHz

874-LK20L

22cm

at 680 MHz

sOon Constant-Impedance Adjustable Air Lines
874-LKIOL, 10 em, locking GR874 connectors
874-LK20L, 20 em, locking GR874 connectors

0874-9627
0874-9631

Trombone Constant-Impedance Adjustable Air Line

SWR: <1.10 to GHz, <1.25 to 2 GHz.
Electrical: IMPEDANCE: 50 o.
Mechanical: LENGTH: 24 to 33 in. (61 to 83 cm). SPACING
between centers: 1.1875 in. (30 mm). WEIGHT: 2.5 Ib (1.2
kg) net.

Used to vary the length of a 50-0 transmission line between
two fixed terminals without moving the terminals or using
flexible cables. Consists of two 874-LK20L Adjustable Lines
joined at one end by a U-shaped section to form a rigid as
sembly. Can be plugged into two adjacent GR874 coaxial con
nectors or inserted in a line by means of two ells (not in
cluded) and installed vertically to save bench space. Low
SWR. An excellent phase shifter and variable delay line.

Frequency: Dc to 2 GHz (874-LKlOL recommended above
2 GHz).
length of Adjustment, electrical: 44 cm (half wavelength at
340MHzl.

50-n Trombone Constant-Impedance Adjustable Air Line
874-LTL, 44 cm, locking GR874 connectors ~ 0874-9645

~ Federal stock numbers are listed before the Inaex.
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GR874® 50-Ohm Coupling Elements
Tee

For connecting stubs and other elements in shunt with a
coaxial line.
Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE: Up
to 1500 V pk. POWER, average into 50-n load: Up to 40 kW,
dc to 50 kHz, decreasing as l!Yfto 0.1 kWat 10 GHz.

Mechanical: DIMENSIONS: 3.38 in. (86 mm) long x 2.25 in.
(57 mm) wide. WEIGHT: O.4lb (0.2 kg) net.

sOOn Tees
874·T, non-locking GR874 connectors ~

874-TL, locKing GR874 connectors

Catalog
Number

0874·9910
0874·9911

Power Divider

Mechanical: DIMENSIONS: 4 in. (102 mm) long x 2.38 in.
(50 mm) wide.

0874-9912
0874-9913

TYP£
TPO ----t- 814 TPOI.:"'1

fREQUENCY-GMt

r---TYPE 874-TPO AND- L -• e--. SPEClfICATI0t;t-.. L.--
3

CeNTERPORT I--'" -- -2
...I--"; - f--.'- _f---~ SiO£PORT

00 , 2 3 • • • 7 • •

so·n Power Divider
874·TPD, non-locking GR874 connectors
874·TPDL, locking GR874 connectors

A coaxial tee with a 16.67-n resistor in each leg, connected
so the tee is matched at any port when the other two ports are
terminated in 50-n loads. The match holds throughout the
wide frequency range. There is O' phase difference between
the outputs. The use of stable deposited-carbon-film resistors
and the linear SWR-frequency relationship make these power
dividers particularly valuable for pulse work and in network
analyzer applications.
Frequency: Dc to 7 GHz; to 9 GHz if connectors are locked.
Power Division: Equal within 0.3 dB when symmetrically fed.
Electrical: IMPEDANCE: 50 n, nominal. INSERTION LOSS:
6 dB (+2, -0.5 dB), input to each output. INPUT POWER:
2 W max continuous.

Convenient right-angle line section.
SWR: <1.06 at 2 GHz, <1.15 at 4 GHz.
Electrical: IMPEDANCE: 50 n, nominal. ELECTRICAL LENGTH:
= 7 em. INPUT VOLTAGE: Up to 1500 V pk. POWER, aver
age into 50-n load: Up to 40 kW, de to 50 kHz, decreasing as
1!vftoO.1 kWat10GHz.
Mechanical: DIMENSIONS: 2.25 in. (57 mm) long x 2.25 in.
(57 mm) wide.

locking

sOon 90' Ell
874·EL, non-locking GR874 connectors ~

874-EL.L, locking GR874 connectors ~

0874·9526
0874-9527

U-Line Section

A coaxial line section in the, shape of a U that is useful in
many coaxial setups.
Frequency: Dc to 7 GHz.
Electrical: IMPEDANCE: 50 n, nominal.
Mechanical: DIMENSIONS (wxhxd): 2.25x2xO.88 in. (57x51x
22 mm). WEIGHT: 0.51b (0.3 kg) net.
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Catalog
Numbt>r

0874·9S28

Rotary Joint

Description

874.U, U-Line Section, non-locking GR874 connectors

Used when one part of a coaxial system must be rotated with
respect to another part. Not for motor-driven applications.
Frequency: Dc to 4 GHz.
SWR: <1.06 at 1 GHz, <1.3 at4 GHz.
Electrical: IMPEDANCE: 50 n, nominal.
Mechanical: LENGTH: 2.5 in. (64 mm). 874·JR Rotary Joint, 50 n, non-locking GR874 connectors 0874·9590

Mixer

0874-9947

LOC.Al-OSCllLATO"
INPUT

874·MRAL Mixer, locking GR874 connectors

Typical SWR (mixer
current = 0.5 mAl: E'I--+-+----Jb--k:--+--t-+-f--i

A broadband mixer of improved design for use in general
applications and, with the 1236 I-F Amplifier, as a heterodyne
detector. It offers wider frequency range, lower SWR, lower
leakage connectors; it requires less local-oscillator power.
Frequency: 10 MHz to 9 GHz. MAX I-F: 60 MHz.
Sensitivity: <6 p.V, typical, input behind 50 n will increase out
put of i-f amplifier (30-MHz i-f, 0.5-MHz bandwidth, 2-dB
noise figure) by 3 dB, for mixer current of 0.5 mAo
Input: < 6 mW typically required from local oscillator for 0.2
mA rectified current (signal and 1-0 source impedances, each
50 n).
Electrical: IMPEDANCE: 50 n, input; 400 n avg//7 pF, output.
DIODE: 1N23C.
Mechanical: DIMENSIONS: 4.63 in. (117 mm) long x 2.5 in.
(64 mm) wide. WEIGHT: 0.5 Ib (0.3 kg) net.

~ Federal stock numbers are listed before the Index.
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Mixer Rectifiers

A broadband rf mixer for use as a heterodyne detector with
an i-f amplifier.

Frequency: 40 MHz to 5 GHz, less sensitive at lower and
higher frequencies. MAX I-F: 30 MHz.
Sensitivity: < 5p.V typical (equivalent to = 10 p.V behind 50 fi
to increase output of i-f amplifier by 3 dB).
Input: 2 V max required from local oscillator.
Electrical: IMPEDANCE: 50-fi input, = 400-fi output. DIODE:
1N21B.
Mechanical: DIMENSIONS: 3.75 in. (95 mm) long x 3.5 in.
(89 mm) wide.

Description

500n Mixer Rectifiers
874·MR, non-locking GR874 connectors ~

874·MRL, locking GR874 connectors ~

Catalog
Numbp.r

0874·9944
0874·9945

locking

TO METEI'

~
om:. OUTFVT'
0-40 IIlH'

LOCAl. SIGNAl.
OSClLLA INPUT."u,

874-111"

Voltmeter Rectifiers

Used to monitor the voltage in a coaxial system. Similar to
874-VQ but includes a 5()..n resistor in series with the output
port center conductor. In combination with a signal source
and a properly calibrated indicator, it can simulate a 50-fi
generator with known open-circuit voltage and thus be used
in an oscillator amplitude-regulating system.

Frequency: 15 MHz to 2.5 GHz when used as a calibrated
voltmeter.
Electrical: IMPEDANCE: 50 fi nominal. INPUT VOLTAGE:
2 V max. BYPASS CAPACITANCE: = 300 pF. DIODE: 1N23B.
Mechanical: DIMENSIONS: 3.75 in. (95 mm) long x 2.5 in.
(64 mm) wide. WEIGHT: 0.4 Ib (0.2 kg) net.

500n Voltmeter Rectifiers
874-VR, non-locking GR874 connectors ~

874·VRL, locking GR874 connectors
0874-9942
0874-9943

locking

10 ......

Jft~.INPUT 0UTl"tIT
'CU..

Voltmeter Detectors
For use as a general-purpose rf-Ievel detector with a dc in

dicator or as a modulated-signal detector with a sensitive
amplifier. It can be inserted into a 50-fi line without intro
ducing appreciable discontinuity or, with a GR874 50-fi termi
nation, it can be used as a matched detector to terminate a
line.
Frequency: 500 kHz to 2 GHz when used as a matched de
tector.
SWR: <1.1 at 1 GHz, <1.2 at2 GHz.
Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE: 2
V max. BYPASS CAPACITANCE: = 300 pF. DIODE: 1N23B.
Mechanical: DIMENSIONS: 3.75 in. (95 mm) long x 2.5 in.
(64 mm) wide. WEIGHT: 0.4 Ib (0.2 kg) net.

874-VQ

locking

I I I I
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Typical SWR
and correction
factor for 874-VQ.

0874·9940
0874·9941

5O-fi Voltmeter Detectors
874·VQ, non-locking GR874 connectors ~

874-VQL, locking GR874 connectors

Low-Pass Filters

Recommended for use in immittance- or vOltage-measuring
systems to reduce harmonics, and especially in systems that
contain nonlinear elements or sections that might resonate
at a harmonic. Also useful in slotted-line measurements.
Uses Chebyshev-type filters that produce a very steep cutoff
characteristic at the expense of passband flatness. Spurious
responses in the stopband are very small.

Electrical: IMPEDANCE: 50 fi, nominal. INPUT VOLTAGE:
Up to 200 V pk. POWER, average into 50-fi load; Up to 0.8
kW, dc to 20 MHz, decreasing as l/vlfto 0.1 r<.Wat 1 GHz.
Mechanical: LENGTH: ·Fl85L, 17.63 in. (448 mm); ·F500L,
10.19 in. (259 mm); ·FlOOOL, 7.13 in. (181 mm); ·F2000L,
4.38 in. (111 mm).

Typical insertion loss and SWR:

•Flt[OUEMCY-GH!:

0

0

0

\

0
\ ..--...
\ V '\ /60

o 0..

Typical stop-band response of 874-F500L_
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INSERTION LOSS

....... ~"
S\IR \

o
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• 0
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4°0 0.2 0.4 0.6 0.8 ID l2 1.4 l6

OPERATING FREQUENCY
CUT-OFF FREQUENCY

0874-9533
0874·9537
0874·9541
0874·9545

500n Low·Pass Filters
874-Fl85L, 185 MHz, locking GR874 connectors
874·F500L, 500 MHz, locking GR874 connectors <s>
874·FlOOOL, 1 GHz, locking GR874 connectors <s>
874-F2000L, 2 GHz, locking GR874 connectors <s>

<s> Federal stock numbers are listed before the Index.
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0874-9596
0874-9597

Catalog
NumberDescription

50-.fl Coupling Capacitors
874-K, non-locking GR874 connectors ~
874-KL, locking GR874 connectors

GR874® 50-Ohm Coupling Elements (Cont'd)
------------------------

Coupling Capacitor
A short length of coaxial line with a disk capacitor in series

with the inner conductor. High frequencies are transmitted
with small reflections, but dc and low audio frequencies are
blocked.

Frequency: To 4 GHz.
Capacitance: 4700 pF, -20 + 50%, series.
SWR: <1.06 at 1 GHz, <1.15 at 2 GHz, <1.3 from 2 to 4 GHz.
Electrical: IMPEDANCE: 50 n, nominal. INPUT VOLTAGE: Up
to 500 V pk. POWER, average into 50-n load: Up to 5 kW up
to 500 kHz, decreasing as 1h/f to 0.1 kWat 1 GHz.
Mechanical: LENGTH: 3 in. (76 mm).

Series Inductor
Used as a general-purpose tuning element in resonant-line

circuits, matching transformers, and baluns at low frequen
cies.

Frequency: To 300 MHz.
Inductance: 0.226 ILH ± 5% at 1 kHz, series.
Electrical: IMPEDANCE: 50 n, nominal.
Mechanical: WEIGHT: 0.25 Ib (0.1 kg) net. 874-XL Series Inductor, non-locking GR874 connectors 0874-9998

Insertion Unit

Catalog
Number

0874-9990

Small components, pads, vhf transformers, filters, or other
networks mounted within the 2-inch long, 9/16-inch diameter
space can be conveniently inserted into a 50-n coaxial system
with minirnum leakage and discontinuity.

Electrical: IMPEDANCE: 50 n, nominal.
Mechanical: LENGTH: 4.38 in. (111 mm).
Description

874-X InsertIon Unit, non-locking GR874 connectors ~

Component Mount
A shielded enclosure for convenient mounting of small

components to be measured. Use of mount minimizes stray
capacitance 'variation in impedance measurements of circuit
elements. Includes two accessories, an 874-WN3 Short-Cir
cuit Termination and an 874-W03 Open-Circuit Termination.
For use with 1602-B UHF Admittance Meter, an 874-LK20L
Constant-Impedance Adjustable Line is also recommended.

Frequency: Dc to 5 GHz.
Electrical: IMPEDANCE: 50 n, nominal.
Mechanical: DIAMETER: 3 in. (76 mm). WEIGHT: 0.7 Ib (0.4
kg) net.

874-ML Component Mount, locking GR874 connector 0874-9663

Coupling Probe
Electrostatic probe consisting of a binding post mounted

on a GR874 connector. (Note: A pair of posts is also available,
the 874-02 Adaptor.)

Electrical: IMPEDANCE: 50 n, nominal.
Mechanical: LENGTH: 2.08 in. (53 mm). 874-MB Coupling Probe, non-locking GR874 connector ~ 0874-9666

Bias Insertion Unit

0874-9759

, ,
'~CM. ~.

•. I

1\---.J 0 L~~ /:\ (1\ £. """- ./

0 ,

874-FBL Bias Insertion Unit, with locking GR874
connectors

Used with slotted lines, the 1602-B Admittance Meter, and
1609 UHF Admittance Bridge for immittance and similar
measurements when bias is to be applied to diodes, transis
tors, and other solid-state devices. It comprises a blocking
capacitor in series with the line, an isolating choke, and a
low-pass filter. In slotted-line measurements, the unit is in
serted at the source end of the line and therefore introduces
no reflections at the measurement terminals.

Frequency: Dc to 5 MHz, in bias circuit.
Electrical: IMPEDANCE: 50 n, nominal. BIAS, max: 400 Vor
2.5 A. INSERTION LOSS: <1.7 dB typical from 300 MHz to
3 GHz, <0.8 dB typical from 3 to 5 GHz.
Mechanical: DIMENSIONS: 4.38 in. (111 mm) long x 3.88 in.
(98 mm) wide. WEIGHT: 0.5 Ib (0.3 kg) net.

~ Federal stock numbers are listed before the Index.
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GR874® Cable and Patch Cords
50-Ohm Coaxial Cable

Mechanical: OUTER DIAMETER: -A2, 0.375 in. (9.5 mm); ·A3,
0.206 in. (5.3 mm). WEIGHT: -A2, 3 Ib per 25 ft (0.18 kg/ m)
net; -A3, 1 Ib per 25 ft (0.06 kg/ m), net.

low-loss 874-A2 This flexible, double-shielded, low-loss
coaxial cable consists of No. 14 stranded inner conductor cen
tered in solid polyethylene dielectric (00: 0.244 in.) sheathed
by 2 tinned-copper braids and covered with a gray, noncon
taminating polyvinyl-chloride jacket.

General-purpose 874-A3 This cable is more flexible than
the 874-A2 but with somewhat higher losses; it is the same as
RG-58A/ U but with double braided shielding. The inner con
ductor is 19 strands of O.OOll-in. tinned soft-copper wire, cen
tered in solid polyethylene dielectric (00: 0.115 in.) sheathed
by 2 tinned-copper braids. The jacket is black, noncontami
nating polyvinyl chloride. This cable is recommended for most
general-purpose applications.

Capacitance, Attenuation/laO ft Use Connectors
nominal 00 MHz GHz 3 GHz GR874-

874-A2 30.8 pF/ft 2.6 dB 10.5 dB -CA, ·ClA, -PBA,
.-PLA, -PRLA

874·A3 29pF/ft 5.3 dB 22 dB 15 dB ·C58A, 'Cl58A, -PB58A,
-Pl58A, -PRl58 Description

Catalog
Number

Electrical: IMPEDANCE: 50 .ll ± 5%. PROPAGATION VELOC
ITY FACTOR: 66%.

500!l. Coaxial Cable
874-A2. low-loss (lOa-foot length)
874·A3. general-purpose, (lOa-foot length)

0874-9862
0874-9863

50-, 72-, and 75-0hm Coaxial Patch Cords

874·R33

874-R20 and -R22 These cords (50 n or 75 n) feature
low SWR to 9 GHz and convenient GR874 connectors at each
end.

0874-9690

0874-9680
0874-9681

0874·9682
0874·9683

0874-9692

0874·9757

0874-9758

Electrical Rating: INPUT VOLTAGE: -R20, up to 1000 V pk;
-R22, up to 500 V pk. POWER, average into 50-n load: -R20,
up to 20 kW, dc to 100 kHz, decreasing as 1/v"f to 0.1 kWat
5 GHz; -R22, up to 5 kW, dc to 500 MHz, decreasing as 1h/f
to 0.1 kW at 1 GHz.

50·!l. Coaxial Patch Cords, 3 ft long
low-loss 874·A2 cable, GR874 connectors

874-R20A. non-locking ~

874-R20LA. locking
General-purpose 874·A3 cable, GR874 connectors

874-R22A, non-locking ~
874-R22LA, locking ~

General-purpose RG·58C/ U cable
874-R34, with shielded double banana plug ~

72·!l. Coaxial Patch Cord, 3 ft long
low-capacitance cable

874·R33, with pair of banana plugs ~

75-!l. Coaxial Patch Cord, 3 ft long
low-loss cable, GR874 75·!l. connectors

874·R20L (75 !l.)
General·purpose cable, GR874 75 !l. connectors

874·R22L (75 !l.)

. ,
FR(OU[NCY-GHI

0

GR 874- R20A

• / ~ - -/
, ---V/

tOO
o
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~ tOO

~ l04

874-R33 This cord (72 .ll) terminates in a pair of banana
plugs, one connected to the center conductor and the other
to the braid through a 5-in. pigtail. These plugs mate directly
with GR 274 and 938 Jacks and 938 Binding Posts. The other
end has a GR874 connector.

874-R34 This cord (50.ll) terminates in a 274-NK Shielded
Double Plug. The other end has a GR874 connector.

~ Federal stock numbers are listed before the Index.
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GR874® 75-0hm Components INewl

New versatility A new series of GR874 general-pur
pose coaxial components extends the versatility of the
line to the field of 75-ohm transmission-line measure
ments. The series includes matching pads and adaptors
to permit direct conversion of existing 50-ohm systems
to the 75-ohm capability.

The GR874 75-ohm components use a·connector simi
lar to their 50-ohm counterparts except a new inner con
ductor and insulating bead are used to achieve the 75
ohm characteristic impedance. Although the GR874 50-

ohm and 75-ohm connectors will mate with one another,
the combination is not recommended because the inner
conductors do not join snugly. A black outer ring is used
on the 75-.a connectors; bright metal, on the 50-.a ones,
ensures distinction.

Frequency response for the new series is specified
from dc to 2 GHz although the units are often satisfactory
at higher frequencies. Locking connectors are standard
in the series; non locking 75-.a connectors are available
in OEM quantities.

Basic Connector

2000
.1~,,!.nl·l

250 500 750 1000 1500
FREQUENCY IN MHz

5
874-8 ---a

~V TYPICAL PAIR
5

./V

1.01

1.000

; 1.00

'"

1.01

For use on rigid 14-mm, air-dielectric, 75-n coaxial lines or
with capacitance, inductance, and resistance standards.
Frequency: Dc to 2 GHz.
Electrical: IMPEDANCE: 75 n, nominal. INPUT: 1.5 kV max,
4 kW max to 1 MHz, 4 kW/vr;;;;: max above 1 MHz. LEAK
AGE: > 120 dB below signal.
Mechanical: DIMENSIONS: 1.13 in. (29 mm) long x 1.02 in.
(26 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Description
Catalog
Number

874-B (75-n) Basic Connector 0874·9730

Cable Connectors

For use with flexible cable such as RG-ll, RG-59, and RG-187.
Frequency: Dc to 2 GHz.
Electrical: IMPEDANCE: 75 n, nominal. INPUT: 1 kV for
0874-9742; 500 V for 0874-9743; 300 V for 0874-9744.
LEAKAGE: > 120 dB below signal at GR874 (75 n) junction
only.
Mechanical: DIMENSIONS: 3.27 in. (83 mm) long x 1.02 in.
(26 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Description

75·.n Cable Connector
874·Cll (75·n), for RG-ll A/U. -12 A/U, -216/U cable
874-C59 (75-n), for RG-59 BI U, -1401 U cable
874-C187 (75.n), for RG·187 A/U, -179 B/U cable

Catalog
Number

0874·9742
0874·9743
0874·9744

Panel Connectors

For use on equipment panels.
Frequency: Dc to 2 GHz.
Electrical: IMPEDANCE: 75 n, nominal. INPUT: 1 kV for 0874
9745, 500 V for 0874-9746,300 V for 0874-9747. LEAKAGE:
> 120 dB below signal at GR874 (75-n) junction only.
Mechanical: DIMENSIONS: 0874-97452.08 in. (53 mm) long;
0874-9746 2.23 in. (57 mm) long; 0874-9747 2.53 in. (64
mm) long; ALL 1.06 in. (27 mm) dia. WEIGHT: 0.2 Ib (0.1 kg)
net, 1 Ib (0.5 kg) shipping.

75·.n Panel Connector
874-Pll (75·n), for RG-ll A/U, -12A/U, -216/U cable
874·P59 (75-n), for RG-59 BI u. ·1401 U cable
874·P187 (75-n), for RG-187 AI U, -179 BI U cable

0874·9745
0874·9746
0874-9747

Adaptors to BNC
-----

2000250 500 750 1000 500
FREOUENCY IN MHz

874-08
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Two adaptors are available; one includes a 75-n BNC jack and
the other includes a 75-n BNC plug. Each uses a locking
GR874 (75-n) connector on the other end.
Frequency: Dc to 2 GHz.
Electrical: IMPEDANCE: 75 n, nominal. INPUT: 500 V max;
3 kW max to 1 MHz, 3 kW/yfMH, max above 1 MHz.
Mechanical: DIMENSIONS: 0874-9750 1.5 in. (39 mm) long;
0874-9751 1.81 in. (46 mm) long; ALL 1.02 in. (26 mm) dia.
WEIGHT: 0.21b (0.1 kg) net, lib (0.5 kg) shipping.

75·.n Adaptors to BNC
874-QBJ (75-n), with BNC jack
874·QBP (75-n), with BNC plug

0874-9750
0874·9751
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75-!l. Adaptors to N
874-QNJ (75·!l), with type N jack 0874·9754
874-QNP (75-!l), with type N plug 0874-9755

75-!l. Adaptors to F
874-QFJ (75o!l), with type F jack
874-QFP (75-!l), with type F plug

0874-9748
0874-9749

250 500 750 1000 1500 2000
FREQUENCY IN MHz

250 ~oo 7~O 1000 1500 2000
FREQUENCY IN MHz Catalog
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Adaptors to Type F

Two adaptors are available; one includes a (75-11) type N jack
and the other includes a 75-n type N plug. Each uses a locking
GR874 (75-11) connector on the other end.
Frequency: Dc to 2 GHz.
Electrical: IMPEDANCE: 75 n, nominal. INPUT: 1 kV max;
4 kW to 1 MHz 4 kWJ-yf"'H, max above 1 MHz.
Mechanical: DiMENSIONS: 0874-9754 1.62 in. (41 mm) long;
0874-97551.95 in. (50 mm) long; ALL 1.02 in. (26 mm) dia.
WEIGHT: 0.2 Ib (0.1 kg) net, lib (0.5 kg) shipping.

Two adaptors are available; one iAcludes a type F jack and
the other includes a type F plug. Each uses a locking GR874
(75-11) connector on the other end. Type F jacks are designed
for use with 0.023-in. dia. (0.58 mm) wire.

Frequency: Dc to 2 GHz.
Electrical: IMPEDANCE: 7511, nominal.
Mechanical: DIMENSIONS: 0874-9748 2.1 in. (52 mm) long;
0874-97491.87 in. (48 mm) long; ALL 1.02 in. (26 mm) dia.
WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg) shipping.

Adaptors to Type N

0874-9740
0874·9741

Adaptors to Large WE
Two adaptors are available; one includes a large Western Elec
tric jack and the other includes a large Western Electric plug.
Each uses a locking GR874 (75-11) connector on the other end.
Frequency: Dc to 1 GHz.
Electrical: IMPEDANCE: 75 n, nominal.
Mechanical: DIMENSiONS: 0874-97403.52 in. (89 mm) long;
0874-97413.02 in. (77 mm) long; ALL 1.02 in. (26 mm) dia..
WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg) sh;fJping.

Catalog
Description Number

75-!l. Adaptors to Western Electric, large
874-QWJL (75o!l), with large WE jack
874-QWPL (75-!l), with large WE plug

Adaptors to Small WE

1.04,.---------.----,.-----,

~ 1.02t-8..,7_4--:0];W;;:L~:::x

\

Two adaptors are available; one includes a small Western
Electric jack and the other includes a small Western Electric
plug. Each uses a locking GR874 (75 11) connector on the
other end.
Frequency: Dc to 1 GHz.
Electrical: IMPEDANCE: 75 n, nominal.
Mechanical: DIMENSiONS: 0874-9738 3 in. (76 mm) long;
0874-97392.75 in. (70 mm) long; ALL 1.02 in. (26 mm) dia.
WEIGHT: 0.2 Ib (0.1 kg) net, lib (0.5 kg) shipping.

874-0WS

J,-t I -TYPiCAL PAIR

75.!l. Adaptors to Western Electric, small
874.QWJS (75-!l), with small WE jack
874.QWPS (75·!l), with small WE plug

0874-9738
0874-9739
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874-Q900 Adaptor, GR874 (75-!l.) to GR900 (75-!l.)

Includes a GR900 (75-11) connector on one end and a locking
GR874 (75-n) connector on the other.end.
Frequency: Dc to 2 GHz.
Electrical: IMPEDANCE: 75 n. ± 0.4%. INPUT: 1.5 kV max;
4 kW max to 1 MHz, 4 kW I ylf"'H, max above 1 MHz. LEAKAGE:
> 120 dB below signal.
Mechanical: DIMENSIONS: 2.88 in. (73 mm) long x 1.06 in.
(27 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

2000

0874·9736
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874-MP Matching Pad, 75-!l. to 50-!l.

75- to 50-Ohm Matching Pad
A two-port minimum-loss network to match 50-ohm GR874
equipped devices to similarly equipped 75-ohm devices.

Frequency: Dc to 2 GHz.
SWR: 1.05 + 0.12 fGH' for 50-n side; 1.05 + 0.08 fGH, for 75-11
side; also see curve.
Electrical: IMPEDANCE: 50 nand 75 11. INPUT: 0.5 W max
continuous. INSERTION LOSS: 5.72 dB nominal. LEAKAGE:
> 120 dB below signal.
Mechanical: DIMENSIONS: 3.5 in. (90 mm) long x 1.02 in.
(26 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.
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GR874® 75-0hm Components (Cont'd)

Short-Circuit Termination
A fixed short circuit mounted in a locking GR874 (75-n) con
nector for establishing reference conditions in coaxial lines.

Frequency: Dc to 2 GHz.
Plane Position: Short-circuit is effectively 0 to 0.10 cm toward
load from face of bead.
Mechanical: DIMENSIONS: 1.19 in. (30 mm) long x 1.02 in.
(26 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Description
Catalog
Number

J..-PlAHEI POSITION

~
874-WN (75-fi) Short-Circuit Termination 0874-9732

Open-Circuit Termination

A fixed open circuit mounted in a locking GR874 (75-n) con
nector for establishing reference conditions in coaxial lines;
also useful as a shielding cap for open-circuited lines.

Frequency: Dc to 2 GHz.
Plane Position: Open-circuit plane is 0 to 0.10 cm toward load
from nominal position of face of bead, to match the short
circuit plane in 874-WN Short-Circuit Termination above.
Mechanical: DIMENSIONS: 1.89 in. (30 mm) long x 1.02 in.
(26 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Description

874-WO (75-fi) Open-Circuit Termination

Catalog
Number

0874-9752

75-0hm Termination

0874-9737
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874-W75 (75-fi) 75-n Termination

A fixed 75-n resistor mounted in a locking GR874 (75-n) con
nector for establishing reference conditions in coaxial lines,
for impedance matching, and for use as a termination.

Frequency: Dc to 2 GHz.
Dc Resistance: 75 n ± 0.5%. TEMPERATURE COEFFICIENT:
< 150 ppm/ DC.
SWR: < 1.005 + 0.013 fGH' to 2 GHz, also see curve.
Electrical: IMPEDANCE: 75 n, nominal. INPUT: 1 W with neg
ligible change,S W max.
Mechanical: DIMENSIONS: 1.95 in. (50 mm) long x 1.02 in.
(26 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Fixed Attenuators
Single-section, T-type, resistance pads for attenuation, isola
tion, or matching in 75-ohm coaxial systems.

Frequency: Dc to 2 GHz.
Attenuation: 0874-9731 is 6 ± 0.5 dB; 0874-9734 is 10 ± 0.5
dB. TEMPERATURE COEFFICIENT: < 0.0005 dB/oC/dB.
SWR: < 1.05 + 0.05 fGH', also see curve.
Electrical: IMPEDANCE: 75 n, nominal. DC RESISTANCE:
75 n ± 1% when terminated in 75 n. DC ATIENUATION:
0874-9731 is 6 ± 0.1 dB; 0874-9734 is 10 ± 0.1 dB. INPUT:
0.5 W max continuous cw; 500 W max peak; 0.5 W max
average.
Mechanical: DIMENSIONS: 3.5 in. (89 mm) long x 1.02 in.
(26 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

1.15

874-G
1.10

a:
~., 1.05

75-n Fixed Attenuators
874-G6 (75-fi). 6-dB attenuation
874-G10 (75-fi). 10-dB attenuation

0874-9731
0874-9734

Air Line

For use as a spacing stub or other element of a coaxial sys
tem or as a time-delay element or impedance standard in a
time-domain reflectometer.

Frequency: Dc to 2 GHz.
length: ELECTRICAL: 30.111 ± 0.06 cm. TIME DELAY:
1.0036 ± 0.0018 ns.
SWR: < 1.01 + 1.015 fGH, to 2 GHz, also see curve.
Electrical: IMPEDANCE: 75 n ± 0.4%. INPUT: 1.5 kV max
peak; 4 kW max to 1 MHz, 4kW/ yfGH, max above 1 MHz.
Mechanical: DIMENSIONS: 12 in. (305 mm) long x 1.06 in.
(27 mm) dia. WEIGHT: 0.4 Ib (0.2 kg) net, 2 Ib (1 kg)
shipping.

874-L30 (75-fi) Rigid Air line 0874-9735

1.04,------,---r--:::"l

1.031----,---+----==-....,::;+----i

~ 1.021-+--+~F--+---+----:::::::t
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GR874® Mi~cellany

50-Ohm Transistor and Component Mounts

1607-9643
1607-9644

1607-9640

Catalog
NumberPin Circle

Transistor
Mounts

(2-inch max
lead length)

Description Grounded Connection

so.n Transistor Mounts, require 1607-P40 Termination Kit
For T05, 9, 11, 12, 16, 26, 31, 33, 37, 38, 39, 43: MD-14: MM-4, 8:
MT-13, 20, 28, 37; RO-2, 3, 4, 5, 10, 24, 30, 33, 34, 46, 49, 50, 61,
62, 79. etc. transistor, diode, and tube packages:

1607-P41 I base I 0.2 in. dia I 1607-9641
1607-P42 emitter or collector 0.2 in. dia 1607-9642

For TO-18, 28, 52; MT-30, 38; RO-44, 48, 51, 64, 65, 66, 70, 73, 78;
U-3; X-B, etc, transistor, diode, and tube packages:

1607-P43 I base I 0.1 in. dia I
1607-P44 emitter or collector 0.1 in. dia

So.n Termination Kit, includes 874-U10 U-Line Section,
874-WNlO Short-Circuit, and 874-WOlO Open-Circuit
1607-P40 Kit

Frequency: Dc to 5 GHz.

Electrical: IMPEDANCE: 50 n, nominal. LEADS: 4. Each
mount includes 2 damper resistors (10 and 50 n) to con
trol oscillators in the measurement of wide-band, high-gain
transistors.

Mechanical: WEIGHT: Mount, 0.8 Ib (0.4 kg) net, 2 Ib (l kg)
shipping; termination kit, 1 Ib (0.5 kg) net, 2.5 Ib (1.2 kg)
shipping.

These mounts permit three-terminal measurements of a
variety of devices with instruments such as the 1710 RF Net
work Analyser. Using the recommended short- and open
circuit terminations, you can precisely establish a phase ref
erence plane at the transistor socket or other appropriate
surface. By this means, the effects of coaxial line lengths and
of the mount itself between unknown and instrument are
eliminated.

In each transistor mount, the leads are inserted into hollow
contact tubes that are the center conductors of small coaxial
lines. Thus, all but about 1/32 inch of the leads at the header
are completely shielded; small bends, various lengths, or other
irregularities of the leads have no effect and the discontinuity
at the transistor-to-mount connection is minimized. Additional
advantages include complete accessibility to the socket, pro
visions for bolting a heat sink to the mount, and a fourth lead
in the mount socket that is dc ground.

Stand ---------
A solid, stable support for components of coaxial systems.

Consists of a heavy cast-iron base with rubber feet, 22-inch
and 8-inch stainless-steel rods, and three universal clamps.
The vertical .rod can be used to hold long tuning stubs. The
horizontal rod can be moved longitudinally or can be clamped
to two bases to support a long horizontal run of coaxial parts.
Clamps fit a range of diameters. Base can be bolted to bench
top.

Mechanical: DIMENSIONS: Base, 3.5x4.44 in. (89x1l3 mm);
rods, 8 and 22 in. (203 and 559 mm). WEIGHT: 5.5 Ib (2.5
kg) net.

Description

874-Z Stand
874-ZC Extra Clamp

Catalog
Number

0874-9996
0874-9997

Tools

These tools ensure· quick assembly, neat, uniform appear
ance, and best electrical and mechanical performance of
GR874 connectors (50 and 75 n).

The 874·TOK Tool Kit consists of an inner-conductor wrench
to install the insulating bead and hold the inner conductor, an
outer-conductor wrench to install the outer conductor, and a
third wrench to tighten the coupling nut. The other tools are
useful for installation of retaining rings.

The 874-T058 or ·T08 Crimping Tool assures a neat, fast
crimp of the ferr.ule that clamps the shield braid and outer
jacket of the cable to a cable connector.

Crimping Dimensions, across flats of hexagonal crimp: For
-T08, 0.389 and 0.411 in. (9.88, 10.45 mm); for -TO58, 0.215,
0.250, and 0.375 in. (5.46,6.35,9.53 mm).

874-TOK Tool Kit, for all GR874 cable connectors 0874·9902
874-T08 Crimping Tool, for GR874-( )8A cable connectors 0874-9900
874-T058 Crimping Tool, for all other GR874 cable

connectors 0874-9901

3

4 5

874-TOK
1. Outer-conductor wrench
2. Inner-conductor wrench
3. Coupling-nut wrench
4. Front-ring expander (red)
5. Keeper for ring expanders
6. Back-ring expander (green)
7. Ring pusher

874-T058 874-T08
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75-n Inner-Conductor Rod NEW
Electrical: IMPEDANCE: 75 ± 0.25 n (± 0.375%) when cen
tered in the outer-conductor tube.
Mechanical: High-conductivity gold-plated brass; ends tapped
to accept 874-B (75 n) and 900-BT (75 n) connectors. DI
MENSIONS: 15.88 in. (403 mm) long x 0.24425 ± 0.00025
in. dia.

GR874® Miscellany (Cont'd)
Air-Line Tube and Rod

Used to fabricate custom-length 14-mm air lines and com
ponents in conjunction with GR874, GR 880, and GR900~

connectors.

Outer-Conductor Tube (50 and 75 n)
Mechanical: Bright-alloy-plated brass; ends grooved and slotted
to accept 874-B, -BBL, 890-BT, 900-AB, -AC, -AP, -BT, and
-BT (75 n) connectors. DIMENSIONS: 15.88 in. (403 mm)
long x 0.624 + 0.000 - 0.002 in. 00.
50-n Inner-Conductor Rod
Electrical: IMPEDANCE: 50 ± 0.1875 n (± 0.375%) when cen
tered in the outer-conductor tube.
Mechanical: High-conductivity silver-plated brass; ends tapped
to accept 874-B, -BBL, 890-BT, 900-AB, -AC, -AP, -BT and
-BT (75 n) connectors. DIMENSIONS: 15.88 in. (403 mm)
long x 0.24425 ± 0.00025 in. dia.

Smith Charts

Description

Outer-Conductor Tube (50 and 75 n)
Inter-Conductor Rod

50·n
75·n

Catalog
Number

0874-9509

0874-9508
0874-9550

Measurements made with slotted lines are facilitated by the
use of Smith Charts; you can use them to determine the im
pedance that corresponds to any SWR and to convert from
impedance to admittance and vice versa. Charts with nor
malized coordinates are for use with lines of any impedance.
Charts with 50-n characteristic impedance (20-mu charac
teristic admittance) are directly applicable to all GR 50-n co
axial equipment.

Smith Charts
NORMALIZED COORDINATES

Type NX, 22.5x35 in. (571x889 mm), pad of 75 charts 5301-7563
Type N, 8.5xll in. (216x279 mm), 50 charts 5301-7560
Type NE, expanded (for use when SWR';; 1.58),

8.5xll in., 50 charts 5301-7561
Type HE, highly expanded (for use when SWR

.;; 1.12), 8.5xll in., 50 charts 5301-7562
50-OHM COORDINATES

Type Z, 8.5xll in., 50 charts 5301-7569
20-MllLlMHO ADMITTANCE COORDINATES

Type Y, 8.5xll in., 50 charts 5301-7568

NX, N, Y, Z

RF Bridges

NE HE

• broad range-400 kHz to 500 MHz
• high directivity-40 dB
• low-cost 50-ohm or 75-ohm models

INewl
Mechanical: DIMENSIONS: 3.75x6.25xl in. (95x159x25 mm).
WEIGHT: 0.8 Ib (0.4 kg) net. 2 Ib (l kg) shipping.

These bridges combine small size and low price with high
performance. They are excellent for use in general-purpose
or specialized SWR- or refleCtion-measurement systems in re
search, calibration, standards, and maintenance applications.

Both the standard and unknown ports of these bridges are
accessible. Normally, the standard port is terminated in an
874-W50 50-ohm or an 874-W75 (75n) termination so that
no degradation in directivity is encountered. For applications
where structural return loss is important, a variable termina
tion can be connected to the standard port. All ports are
GR874® connectors and accept a wide variety of GR compo
nents to adapt the bridges to specific uses or measurement
applications.

Frequency: 400 kHz to 500 MHz.
Directivity: 40 dB from 1 MHz to 500 MHz; 45 dB, 3 MHz to
450 MHz.
Electrical: IMPEDANCE: 50 or 75 n. INSERTION LOSS: 6 dB
from load port (standard or unknown) to detector port, 6 to
10 dB from source port to load port.
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RF Bridges
874-BR (50 fi)
874-BR (75 fi)

0874-9453
0874-9756
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GR900® Precision Coaxial Components

COUPLING
NUT

LOCKING NUT

1\
RETAINING

RING

OUTER CONOUCTOR
CENTERING
GEAR RING

cally 0.4 mil for the inner conductors and 0.04 mil for
the outer conductors of a mated pair.

The 900-BT connector meets all specifications con
tained in Part III, Section 1 of the IEEE Standard for
Precision Coaxial Connectors, No. 287. The connectors
are available in pairs, each with a calibration certificate
that verifies the combined SWR of the pair to be within
the limits specified in the IEEE document.

Mechanical· characteristics The spring contact and
inner conductor are made of gold-plated solid-silver alloy;
the bead support, Teflon; the centering gear ring, stain
less steel; the outer conductor, gold-plated coi6 silver;
the retaining ring, phosphor bronze; and the coupling
and locking nuts, chrome-plated brass.

When the parts are assembled onto an air line, the
coupling nut and retaining ring attach the outer conduc
tor of the connector to the outer conductor of the line.
The inner conductor is threaded into the center conductor
of the air line and is supported by the Teflon bead.

When two connectors are mated, the centering gear
rings interlock and overlap to center the connectors with
respect to each other. The interlocking also prevents
the connectors from rotating against each other (with
possible impairment of repeatability and reliability). The
front surfaces of the outer conductors meet at a common
reference plane, where they butt firmly together under
the pressure of the locking nut.

The front surface of the inner conductor is recessed
0.001 inch with respect to the reference plane of the
outer conductor, to ensure outer-conductor contact. In
ner-conductor contact is made by a springy center con
tact assembly that projects slightly beyond the reference
plane of the outer conductor until the connector is mated.
The spring contact assembly consists of six independently
sprung segments that are forced back and together upon
mating, thereby making a wiping contact with both the
inside of the inner conductor and the mating face of the
other center contact. This connector structure is free
from the reflections that would be caused by slots in the
inner and outer conductors. It will give you exceptionally
long life, with excellent repeatability, in part because
micro-abrasion of the rubbing surfaces cannot affect the
electrically critical conductor diameters.

OUTER CONDUCTOR OF COMPONENT

• Registered trademark of the E. I. du Pont de Nemours and Company.

The first precision series For many years it was diffi
cult to improve the design of highly accurate high-fre
quency measuring equipment since any improvements
were obscured by connector difficulties. Tbis fact spurred
General Radio, with its long experience in coaxial-con
nector development, to design the first commercial co
axial connector that could honestly be called "precision"
- the GR900® connector.

A versatile choice The successful development of the
GR900® connector signaled the initiation of an entire
line of precision coaxial components and instruments.
These, together with connector kits and precision rod and
tubing, can bring GR900 precision to every corner of
your laboratory.

Electrical characteristics One of the most important
characteristics of a connector is standing-wave ratio and
in the GR 900-BT connector SWR < (1.001 + 0.001
fGH1). Of ever greater importance in many applications is
connector repeatability because this sets the limit of
measurement accuracy. The GR 900-BT connector offers
repeatability of ± 0.002 dB in insertion loss, ± 0.008'
in insertion phase, and 0.05% in SWR.

Leakage of the GR900 connector is better than 130 dB
below signal level -lower than that of any other com
monly used coaxial connector. This remarkable charac
teristic is due to the triple shielding action of the butt
contact between outer conductors, the interlocking and
overlapping of the centering gear rings, the threaded en
gagement of the outer locking nut, and the precise
machining of the mating surfaces. Insertion loss is ex
tremely small, due to the unique design of the contacts
and the use of very low-loss materials - Teflon* for the
bead and solid-silver alloys for both inner and outer
conductors.

Electrical length of a connector pair is 3.50 cm and is
virtually independent of frequency. Dc resistance is typi-

Cross-section view of mated 900-8T Precision Coaxial Connectors. Exploded view of 900-8T Precision Coaxial Connector.
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GR900® 50-Ohm Connectors
Basic Precision Connector

0900-9405
0900·9407

Catalog
NumberDescription

Typical and specified SWR of single and certified pairs of
900-8T Precision Coaxial Connectors. Specified SWR is iden
tica I to that given as IEEE Recommended Practice.

50-!l. Basic Precision Coaxial Connectors
9()()..BT, single ~

9OO-BT, pair, with calibration certificate

, 4 ,

FREQUENCY - CHI

cm for single connector. DC CONTACT RESISTANCE: <0.07
mn for outer conductor, <0.5 mn for inner conductor.
Mechanical: DIMENSIONS: 1.19 in. (30 mm) long x 1.06 in.
(27 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net.

For use on rigid, 14-mm, air-dielectric 50-n coaxial lines
(principal dimensions of 0.5625 in. and 0.24425 in.). The
basic connectors are available as single connectors or as a
pair of connectors with calibration certificate; the same SWR
specification applies to either. These limits are those approved
in the IEEE Recommended Practice for Precision Coaxial Con
nectors in the 14-mm general precision connector class.
900-BT Connectors are 100% tested at six frequencies. The
900-TOK Tool Kit is recommended for proper assembly.

Frequency: Dc to 8.5 GHz.
SWR: <>:(1.001 + 0.001 fGH,) applies to single connectors and
pairs.
Repeatability: SWR: Within 0.05%. INSERTION LOSS:
±0.001 dB to 30 MHz, ±0.002 dB to 1 GHz, ±0.0025 dB to
8.5 GHz. PHASE: Within 0.008° at 1 GHz, 0.015° at 2 GHz,
0.05° at 6 GHz.
Electrical: IMPEDANCE: 50 n ± 0.1% at frequencies where
skin depth is negligible. INPUT VOLTAGE: Up to 3000 V pk.
POWER average into 50-n load: Up to 20 kW, dc to 1 MHz, de
creasing as 1/Vf at higher f. INSERTION LOSS: < (0.003
,~) dB per pair. LEAKAGE: > 130 dB below signal. ELEC
TRICAL LENGTH: 3.500 ± 0.005 cm per pair; 1.750 ± 0.0025

Low-Cost Basic Precision Connector

Repeatability: SWR: <>: ±0.0005 or ±0.05%. INSERTION
LOSS: ±0.001 dB to 30 MHz, ±0.002 dB to 1 GHz, ±0.0025
dB to 8.5 GHz. PHASE: <>:0.008° at 1 GHz, 0.015° at 2 GHz,
0.05° at 6 GHz.
Electrical: IMPEDANCE: 50 n ± 0.3% at frequencies where
skin depth is insignificant. INPUT VOLTAGE: Up to 3000 V
pk. POWER, average into 50-n load: Up to 20 kW, dc to 1
MHz, decreasing as 1/0 at higher f. INSERTION LOSS:
< (0.004 ~) dB per pair. LEAKAGE: > 130 dB below
signal. ELECTRICAL LENGTH: (3.500 + 0.005 - 0.01) cm per
pair; (1.750 + 0.0025 - 0.005) cm for single connector. DC
CONTACT RESISTANCE: <0.07 mn for outer conductor, <0.5
mn for inner conductor.
Mechanical: DIMENSIONS: 1.19 in. (30 mm) long x 1.06 in.
(27 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net.

For use on rigid, 14-mm, air-dielectric 50-n coaxial lines
(principal dimension of 0.5625 in. and 0.24425 in.). The
GR890 is a low-cost version of the GR900® precision coaxial
connector and is intended for use when the lowest SWR is not
required. Below 500 MHz, the difference in SWR, compared
with the GR900, is insignificant; above 500 MHz, the SWR
specification. is somewhat degraded. For example, at 8 GHz
the SWR specification is 1.019, compared with 1.009 for
the GR900.

The GR 890 connector is generally used at lower frequen
cies on capacitance, inductance, or resistance standards, and
at higher (microwave) frequencies where the SWR of the de
vice is much greater than that of the connector. The other
useful properties of the GR900 series, such as repeatability,
well-defined reference plane, and low contact resistance, are
retained. Grooves in the 890-BT locking nut distinguish the
low-cost version from the 900-BT connector, but they mate
without restriction.

Frequency: Dc to 8.5 GHz.
SWR: < (1.003 + 0.002 fGfU) per connector. For mated con
nectors, add SWR specs, i.e., double this spec for pair of 890
connectors.

50-!l. Low-Cost Basic Precision Coaxial Connector
890-BT, single 0890·9405

Basic Precision Connector Kits

For custom fabrication of rigid, 14-mm, air-dielectric 50-n
coaxial lines and terminations compatible with the GR900®
connector. Rigid air lines can be made from GR900 Precision
Rod (0900-9507) and Tube (0900-9509) to serve as preci
sion capacitance or time-delay standards, as well defined
reactance standards, and as dielectric sample holders for di
electric-constant and loss measurements with the slotted line.
The connectors formed by these three kits are bead less.

900·AP for unsupported inner conductor The 900-AP is
for use on elements that have unsupported inner conductors.
A reference air line can be assembled from a pair of these kits
and appropriate lengths of precision rod and tube. The kit
consists of locking nut, centering gear ring, and a spring
loaded centering pin that allows the inner conductor of the
resulting bead less air line to derive its support from the mat
ing 900-BT Connector.

900-AC for supported inner conductor The 900-AC can be
used in place of the 900-BT on any component whose inner
conductor is supported within the component itself. The kit
consists of locking nut, centering gear ring, and center con
tact of a standard GR900 connector. Since it includes only
those parts necessary for its particular application, this kit

~
TYPE goo-AP I sTYPE900-AC I ~TY~goo-AS II ([)LOO<INGNUT

2 @ CENTERING
2 GEAR-RING

_ ~ , . ® CEIITER
3 CONTACT

4 5 • @) INSERT PIN

® SPRING

~ Federal stock numbers are listed before the Index.
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1.0010

~ !::
~ L0005

1.0000
012:345678

FREQUENCY- GHz

offers superior electrical performance at a considerable sav
ings in cost.

900-AB for supported inner conductor, less center contact.
The 900-AS can be used to fabricate an air line to be mated
with a 900-ST Connector, but it cannot mate with a 900-LZ
Reference Air Line or with another 900-AS or 900-AP Con
nector. The 900-AB is like the -AC in appearance and func
tion, except it does not contain the center contact. Repeata
bility is specified in %; example: if SWR varies from 1.00012
to 1.00016 (for a pair mated successivley), the repeatability
is ±0.00002 or ±0.002%.

Description

50-n Laboratory Precision Connector Kits
9OO-AP. repeatability within ±(0.010 + 0.003 fGH,)%
9OO-AC. repeatability within ±0.05%
900-AB. repeatability within ±(O.OlO +0.003 fGH,)%

Catalog
Number

0900-9406
0900-9404
0900-9402

Cable Precision Connectors

resistance. The usual distortion and flow of cable dielectric
during inner-conductor soldering have been virtually elimi
nated by means of a Teflon spacer and a special, low-tempera
ture solder supplied with every connector. All inner-conductor
parts are captive and supported by a bead.

SWR of connector itself is represented by "ideal section"
data (see curves) measured with precision coaxial line in
place of cable.
Frequency: Dc to 8.5 GHz.
Electrical: IMPEDANCE: 50 n. INPUT VOLTAGE: Up to 1500
V pk for -C9; 500 V pk for -C58. INSERTION LOSS: «0.006
fGH,) dB per pair for -C9; «0.010~) dB per pair for -C58.

For use with more than 20 different RG types of coaxial
cable. The SWR of these connectors is much lower than that
of even the best-made cables. The braid retention system
does not compress the cable, yet it has good pull and torque

Typical SWR performance of a single Type
900·C9 Connector on an "infinite" length of
RG·214/U cable and on an "ideal" section
with the same diameters.

50-n Coaxial Cable Precision Connectors
For RG-9B/ U and RG-214/ U cable; can be used,
with some sacrifice in performance or mechanical
reliability, with RG-8/U, -8A/U, -10A/U, -87A/U,
-1l6/U, -156/U, -165/U, -166/ U, -213/ U, -215/ U,
-225/ U, and -222/ U:

900-C9
For GR 874-A3 and RG-58/ U cable; has limited ap
plication with RG-29/ U, -55/ U, -141A/ U, -142A/ U,
-159/U, and -233/U:

900-C58

0900-9421

0900-9431

Panel Mounting Kits

Used to mount standard GR 890 and GR900 connectors on
a panel. Kit includes a threaded flange that accepts the outer
conductor, mounting hardware, and a gear ring that, for the
rotatable version, can be turned to permit any desired angular
orientation of the mating connector.

9004""01 WOUNIING "
fLANG(

0''''

Catalog
Number

0900-9498
0900-9500

Panel Mounting Kits
900-PKM, non-rotatable
900-PKMR, rotatable

Description

Rotatable Centering Ring

Permits proper mating with another GR 890 or GR900 con
nector in any orientation. Threads onto the connector in
place of the regular centering gear ring.

Rotatable Centering Ring

Adaptor Flange

0900-9499

To connect GR900 components to instruments (like some
bridges) that terminate in a broad plane surface and to a
variety of flange-type connectors. This flange threads onto a
900-ST Connector in place of the centering gear ring and
locking nut.

Adaptor Flange 0900-9782
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GR900® 50-Ohm Adaptors
Conversion plus precIsion The availability of precIsion

adaptors from the GR900:B> connectors to other popular co
axial connectors means that the user of GR900 equipped in
struments can convert to other series and still retain preci
sion performance. For example, a 900-LB Precision Slotted
Line equipped with a 900-QNJ or -QNP adaptor becomes a

type N slotted line with an over-all residual SWR (line plus
adaptor) of only 1.02 at 3 GHz. Conversely, users of instru
ments equipped with SMA, TNC, N, C, and GR874® connec
tors can, by means of adaptors, take advantage of the preci
sion offered by GR900 tuners, airline standards, terminations,
and other elements.

Mechanical: WEIGHT: 8 Ib (3.7 kg) net, 12 Ib (5.5 kg) ship
ping.

50-Ohm Precision Adaptor Kit
This set consists of the most commonly used GR900 preci

sion adaptors including one each of the jack and plug.versions
of adaptors to BNC, C, N, SC, SMA, and TNC, as well as
adaptors to Amphenol APC-7, Precifix AA, and GR874® con
nectors. All components are supplied in an attractive mahog
any storage case with recessed foam inserts.

Description

GR900 Precision Adaptor Set
GR900 Storage Case

Precision Adaptors to BNC

Catalog
Number

0900-9451
0900-9450

Catalog
Number

50-n Precision Adaptors to BNC
900-QBJ, with BNC jack
9OO-QBP, with BNC plug

Two versions: One includes a BNC jack and the other in
cludes a BNC plug. Both use a GR900 precision connector
on the other end.

Frequency: Dc to 8.5 GHz.
SWR: «1.005 + 0.015 fGH,) to 1 GHz, <(1.015 + 0.005 fGH,)

to 8.5 GHz.
Electrical: IMPEDANCE: 50 n nominal. INPUT VOLTAGE: Up
to 500 V pk. POWER, average into 50-n. load: Up to 3 kW, dc
to 1 MHz, decreasing as 11 Yfat higher f.
Mechanical: WEIGHT: 0.3 Ib (0.2 kg) net; 1.3 Ib (0.6 kg) ship
ping.

Precision Adaptors to C

Description

1.06

"104~
~. -
U'Jl02 _

1.000 I 2 3 4 !5 6 7 8
FREOUENCY GHz

0900-9701
0900-9801

L06

~: TYPE 9OO-QCP - ~

LOO O 1 2 3 4 5 6 7 8
FREQUENCY-6Hz ~

,,1.04~
~ 1.02

1.00 900-QNP

012345678
FREQUENCY- GHz

Two versions: One includes a type C jack and the other in
cludes a type C plug. Both use a GR900 precision connector
on the other end.

Frequency: Dc to 8.5 GHz.
SWR: <(1.005 + 0.015 fGH,) to 1 GHz, «0.015 + 0.005 fGH,)

to 8.5 GHz.
Electrical: IMPEDANCE: 50 n nominal. INPUT VOLTAGE: Up
to 1000 V pk. POWER, average into 50-n. load: Up to 7 kW,
dc to 1 MHz, decreasing as 11vfat higher f.
Mechanical: WEIGHT: 0.3 Ib (0.2 kg) net; 1.3 Ib (0.6 kg)
shipping.

Precision Adaptors to N--------Two versions: One includes a type N jack and the other in-
cludes a type N plug. Both use a GR900 precision connector
on the other end.

Frequency: Dc to 8.5 GHz.
SWR: <(1.004 +0.004 fGH,) to 8.5 GHz.
Electrical: IMPEDANCE: 50 n. nominal. INPUT VOLTAGE:
Up to 1000 V pk. POWER, average into 50-n. load: Up to
7 kW, dc to 1 MHz, decreasing as 1/vfat higher f.
Mechanical: WEIGHT: 0.3 Ib (0.2 kg) net; 1.3 Ib (0.6 kg)
shipping.

o Federal stock numbers are listed before the Index.

so.n Precision Adaptors to C
9OO-QCJ, with C jack
900-QCP, with C plug

50-n Precision Adaptors to N
9OO-QNJ, with N jack 0
9OO-QNP, with N plug 0

0900-9703
0900-9803

0900-9711
0900-9811
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Precision Adaptors to TNC

Catalog
Number

50-!! Precision Adaptors to TNC
900-QTNJ, with TNC jack
900·QTNP, with TNC plug

Two versions: One includes a TNC jack and the other in
cludes a TNC plug. Both use a GR900 precision connector on
the other end.

Frequency: Dc to 8.5 GHz.
SWR: «1.005 + 0.015 fGH,) to 1 GHz, «1.015 + 0.005 f GH,)
to 8.5 GHz.
Electncal: IMPEDANCE: 50 n nominal. INPUT VOLTAGE:
Up to 500 V pk. POWER, average into 50-n load: Up to 3 kW,
dc to 1 MHz, decreasing as 1/vrat higher f.
Mechanical: WEIGHT: 0.3 Ib (0.2 kg) net; 1.3 Ib (0.6 kg)
shipping.

Description

L06~~~~~i~~SPE~C~'F1~CA~T~IO~~a3~1.04

U) 1.02

1.00 0 3 4 5 8
fREQUENCY GHz

0900-9717
0900·9817

Precision Adaptors to SMA

0900-9723
0900·9823

3 4 5 6 8
FREQUENCY-GHz

I I SPECIFICATION, I
I I -~

...J.--r I TYPE

I--'" TYPE 9OO-0MMJ.....
900 OM~P

2,.,
Y

1.10

1.08

0:::1.06
3
V> 1.04

1.0

1.00
0

50-!! Precision Adaptors to SMA
900-QMMJ, with SMA jack
900-QMMP, with SMA plug

Frequency: Dc to 8.5 GHz.
SWR: «1.005 + 0.025 fGH,) to 1 GHz, <(1.022 + 0.008 fGH,)
to 8.5 GHz.
Electrical: IMPEDANCE: 50 n nominal.
Mechanical: WEIGHT: 0.3 Ib (0.2 kg) net; 1.3 Ib (0.6 kg) ship.

Two versions: One includes an SMA jack and the other in
clude·s an SMA plug. Both use a GR900 precision connector
on the other end.

Precision Adaptors to SC

Two versions: One includes an SC jack and the other in
cludes an SC plug. Both use a GR900 precision connector on
the other end.

Frequency: Dc to 8.5 GHz.
SWR: «1.005 + 0.015 fGH,) to 1 GHz, «1.015 + 0.005 fGH,)
to 8.5 GHz.
Electrical: IMPEDANCE: 50 n nominal. INPUT VOLTAGE: Up
to 1000 V pk. POWER, average into 50-n load: Up to 7 kW,
dc to 1 MHz, decreasing as l/vfat higher f.
Mechanical: WEIGHT: 0.3 Ib (0.2 kg) net; 1.3 Ib (0.6 kg) ship.

50-!! Precision Adaptors to SC
900-QSCJ, with SC jack
900-QSCP, with SC plug

0900·9713
0900-9813

Precision Adaptors to 7-mm Precision

Includes an Amphenol APC-7 or R&S 7-mm connector on
one end and a GR900 precision connector on the other.

Frequency: Dc to 8.5 GHz.
SWR: «1.003 + 0.003 fGH,) to 8.5 GHz.
Electrical: IMPEDANCE: 50 n nominal. INPUT VOLTAGE: Up
to 1000 V pk. POWER, average into 50-n load: Up to 6 kW,
dc to 1 MHz, decreasing as l/yfat higher f. ELECTRICAL
LENGTH: 5.30 ± 0.02 cm.
Mechanical: WEIGHT: 0.3 Ib (0.2 kg) net; 1.3 Ib (0.6 kg) shi~.

50-!! Precision Adaptor to 7-mm Precision
900·QAP7, with APC-7 connector <?>
900-QPF7, with R&S 7-mm connector

0900-9791
0900-9793

Precision Adaptor to GR874® Connector

0900·9883

1.06

~1.04 _

U) L02
", TYPICAL

1.00 0 I 2 3 4 5 6 7 8
FREQUENCY - GHz

50-fi Precision Adaptor to GR874
900-Q874, with locking GR874 connector <?>

Mechanical: WEIGHT: 0.3 Ib (0.2 kg) net; 1.3 Ib (0.6 kg) ship.

~

Includes a locking GR874 connector on one end and a
GR900 precision connector on the other end.

Frequency: Dc to 8.5 GHz.
SWR: «1.00 + 0.015 fGH,) to 1 GHz, «1.010 + 0.005 fGH,)
to 8.5 GHz.
Electrical: IMPEDANCE: 50 n nominal. INPUT VOLTAGE: Up
to 1500 V pk. POWER, average into 50-n load: Up to 10 kW,
·dc to 1 MHz, decreasing as l/yfat higher f.

Precision Adaptor to Binding Posts

and = 11 nH are added at base and = 20 nH at top of binding
posts.

Mechanical: WEIGHT: 0.3 Ib (0.2 kg) net; 1.3 Ib (0.6 Kg) ship.

One convertible version: Adapts binding posts (spaced on
0.75- to I-in. centers) to GR900 connector and (after a sim
ple mechanical modification) adapts GR900 connector to bind
ing posts. Particularly useful for converting "unknown" ter
minals of bridges.

Electrical: RESIDUAL IMPEDANCE: When binding posts are
adapted to GR900, = 3.55 pF and = 4.8 nH are added to ter
minals. When GR900 is adapted to binding posts, = 5.2 pF

50-fi Precision Adaptor to Binding Posts
900-Q9 0900-9874

<?> Federal stock numbers are listed before the Index.
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GR900® 50-Ohm Precision
Terminations and Attenuators
Precision Resistive Terminations and Mismatches

05 :rYPE 900-W50
~PECIFI-wiON1----.1 --04

.>r-
0' -- ~CAL02 - I ...........-01_

Standard terminations are useful for calibration of bridges,
slotted lines, admittance bridges, network analyzers, and re
flectometers. The 50-ohm 900-W50 termination can also be
used as a precision dummy load or as a termination in meas
urements of networks with more than one port. This termina
tion, together with the 900-WNC Short Circuit and 900-LZ Air
Lines, can form a calibration set for computer correction of
measuring instruments. With an appropriate GR900 adaptor,
it can be used as a Iow-SWR, precision type-N termination, or
BNC, or C, etc.

Standard mismatches introduce reflections of known SWR
in a 50-ohm transmission line and are therefore useful in the
calibration of reflectometers, network analyzers, and SWR
measuring instruments.

107.5

105.0

102.5

100.0

97.S

95.0

• 5
FREQUENCY-GH:

TYPE 900-WIOO
SPECiF-!CATION--'" I

TYPICAL ~.---- I

, • 5
FR"E"OUENCY - GHz

SPECIFICATION

:..--- I I
-..:::

--T~PIC:: ~f-
I I

TYPE 9OO-W200 I ""-
I I I I'

Frequency: Dc to 8.5 GHz.

900 -W50 -W100 -W200 -WHO -W120 -W150

Dc
Resistance: 500 1000 2000 45.450 41.670 33.330
Accuracy: ±0.3% ±0.5% ±0.5% ±0.5% ±0.5% ±0.5%
SWR,also 1.005 + 1.1 nom 1.2 nom 1.5 nom
see curves: 0.005 fGH,
Plane 4cm 4cm
Position-: nom nom

2'0

205

200

195

190

18S

'80 3 • 5
FREQUENCY - GHz •r·oc-"='''ii1

Electrical: INPUT POWER: <1 W with negligible change, <5 W
without damage. TEMPERATURE COEFFICIENT: <150
ppm! °C.
Mechanical: DIMENSIONS: 2 in. (51 mm) long x 1.06 in. (27
mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net.

• 5
FREQUENCY-GHz

• TYP~ 900~WRI5J-~S~ECIFiC~T10N~ -

5
TYPICA:L.....

•
--b,., -TYPE 900-WRI20 SPECIFICATION

"rvplCAL-.."..
2

I
:rYPICAL

I

TYP 900-WRIIO 'SPECIFICATION
0I. 0

Catalog
Number

09QO.9961
09QO.9963
09QO.9965

09QO.9953
0900·9957
0900·9959

Description

Precision Resistive Terminations
900·W50 50-0 StandarQ Termination
900·Wl00 100-!! Standard Termination
9QO.W200 200-!! Standard Termination

Precision Mismatches:
9QO.WRllO Standard Mismatch, SWR 1.1
900.WR120 Standard Mismatch, SWR 1.2
90o-WR150 Standard Mismatch, SWR 1.5

Open-Circuit Terminations

Open-circuit terminations are useful in establishing initial
conditions of line length and signal phase, as shielding caps
for open-circuited lines, and, at low frequencies, as capaci
tance standards.

Frequency: Dc to 8.5 GHz.
Plane Position:* For 900-WO, typically 0.26 cm, but varies
with frequency within ± 0.012 cm of value shown on graph.
For -W04, 4.00 ± 0.01 cm (corresponds to 4-cm offset in
900-W100 and -W200 Standard Terminations).
Electrical: CAPACITANCE: 0.172 ± 0.00.8 pF for -WO, at low
frequencies; 2.670 pF ± 0.25% for -W04, below 70 MHz.

. ,
FREQUENCY-GHr

0
GA 9OO·WO

0

I I---'
I I--

0
0

I """'GR""900+W04 SPECIFICATION -f-,. I
I TYPICAL,

I ~~. I, 2

-!lOO-WO

09QO.9981
0900·9985

Precision Open·Circuit Terminations
9QO.WO, plane at 2.6 mm
9OO·W04, plane at 4 cm

* Location of effective position of termination, measured toward "load", from reference plane of connector (where outer conductors butt together).
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Precision Short-Circuit Terminations

Short-circuit terminations are useful in establishing initial
conditions of line length and signal phase in, for example, im
pedance measurements. An SOc termination consists of a
precision-machined, silver-plated disk, mounted in a centering
gear ring and locking-nut assembly, to produce a fixed short
circuit. The 900-WNC, -WNE, and -WN4 each includes a sup
port for one end of the inner conductor of a 900-LZ Refer
ence Air Line, which is bead less.

Frequency: Dc to 8.5 GHz.
Plane Position:* For 900-WN and -WNC, 0.00 cm; for 900
WNE, 0.26 ± 0.005 cm (corresponding open circuit is 900
WO); for 900-WN4, 4.00 ± 0.01 cm (corresponding resistive
terminations are 900-WlOO and -W200).
Reflection Coefficients: >0.999 for oWN and -WNC, >0.998
for -WNE, >0.996 for -WN4; all to 8.5 GHz.

900-WN4

8 •

""'-"-'"

900-WNE

. ,
fP[I)U[NC'J-GHt

GR900-WN4 ::K1t£ClfICAilOP

= TYPICAL -1_

~

0900-9971
0900-9977
0900·9979
0900-9975

Catalog
Number

5o-n Precision Short-Circuit Terminations
900-WN, without support, plane at 0.00 cm ~
90o-WNC, with support, plane at 0.00 cm
900-WNE, with support, plane at 2.6 mm
900-WN4. with support, plane at 4 cm

Description

Precision Tuner

Used to match out small residual reflections in low-SWR
measuring instruments and devices. The tuner has three
smoothly adjustable tuning screws that are used in pairs to
tune out reflections of any phase throughout the tuner's fre
quency range. Each screw has a "neutral" setting, indepen
dent of frequency, at which it is effectively out of the circuit.
Screws can be locked at any setting to enhance the excellent
SWR resettability and to protect 'against accidental disturb
ance. They can be partially clamped for the desired friction.

Frequency: 1 to 8.5 GHz.
SWR Matching Range: 1.00 to 1.00 + 0.012 fGfn, worst-case
minimum. RESETTABILlTY: «1.0005 + 0.0003 fGH,).

Repeatability: 0.05% (limited by connector).
Electrical: IMPEDANCE: 50 fi nominal. INSERTION LOSS:
<0.1 dB to 4 GHz, <0.3 dB to 8.5 GHz. ELECTRICAL LENGTH:
12.0 cm.
Mechanical: DIMENSIONS: 4.5x3.5x1 in. (1l4x89x25mm).
WEIGHT: 1 Ib (0.5 kg) net, 3 Ib (1.4 kg) shipping.

~o

f"AEOlJEHC't IN ONI

10,0

900-TUA Tuner 0900-9635

Precision Fixed Attenuators

GR900 attenuators permit greatly improved accuracy in the
measurement of insertion loss, impedance, power, or phase,
which requires precise impedance matching of the source and
detector. In particular, they are ideal for swept measure
ments of these quantities. In point-by-point measurements,
they reduce or eliminate the need to tune out residual reflec
tions from source or detector.

The SWR characteristic of these attenuators is much lower
than was previously available, and they exhibit uniform atten
uation over a wide frequency range. They display a high de
gree of repeatability in SWR, contact resistance, and inser
tion loss, factors that contribute to their value in substitution
measurements. The high repeatability and low SWR also per
mit them to be accurately calibrated for use as attenuation
standards.

Electrical: IMPEDANCE: 50.0 fi. INPUT POWER: <1 W con
tinuous, or <500 W peak with <1 W average. DC RESIST
ANCE: 50.0 fi±0.3% when terminated in 50.0 fi.
Mechanical: DIMENSIONS: 3.75 in. (95 mm) long. WEIGHT:
0.7 Ib (0.4 kg) net.

Frequency: Dc to 8.5 GHz.
Attenuation Accuracy: ±0.04 dB at dc, ±0.2 dB to 5 GHz,
±0.3 dB to 8.5 GHz. TEMPERATURE COEFFICIENT: <0.0001
dB/oC/dB.
SWR: «1.005 + 0.005 fGH,).

Description

50-n Precision Fixed Attenuators:
900-G6, 6 dB
900-GI0, 10 dB

Catalog
Number

0900-9850
0900-9851

~ Federal stock numbers are listed before the Index.
• Location of effective position of termination, measured toward "load", from reference plane of connector (where outer conductors butt together).
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GR900® 50-Ohm Precision Air Lines

This set consists of one each of the seven lengths of 900-LZ
Reference Air Lines, a 900-WN4 short circuit, and a 900-W04
open circuit. All components are supplied in an attractive
mahogany storage case, with recessed foam insets, which
also can be supplied separately.

Mechanical: WEIGHT: 8 Ib (3.7 kg) net, 13 Ib (6 kg) shipping.

_I SPECl~'CATlOJ uM'T
I I -i'.. -+----..-

TYP'+L"'\..--- .....

Reference-Air-Line Set

Description

GR900 Reference-Air-Line Set
GR900 Storage Case

Reference Air Lines

Catalog
Number

0900-9452
0900-9450

1.0025

1.0020

a: 1.00 15

"V) 1.0 0 I 0

1.0005

1.0000
o 3 4 5

FREQUENCY -GHt
8

~

• Frequencies at which air-line section is an odd mUltiple of a quarter
wavelength, where n is zero or any integer).

l/Vfat higher f. INSERTION LOSS: «0.0008 yfGH,) dB/ cm.
LEAKAGE: >130 dB below signal. ·DC CONTACT RESISTANCE
each end, when mated with GR900 connector: <0.07 mil for
outer conductor, <0.5 mil for inner conductor.

9OO-LZ3 2.998 2.0000 100.0 (2n+1) 2.50 0900·9603
9OO-LZ5 4.997 3.3333 166.7 (2n+1) 1.50 0900-9600
900-LZ6 5.996 4.0000 200.0 (2n+1) 1.25 0900-9601
9OO-LZ7H 7.495 5.0000 250.0 (2n+1) 1.00 0900-9602
9OO-LZI0 9.993 6.6667 333.3 (2n+1) 0.75 0900-9604
9OO-LZ15 14.990 10.0000 500.0 (2n+1) 0.50 0900-9606
900-LZ30 29.979 20.0000 1000.0 (2n+1) 0.25 0900-9612

For use in calibrations, especially in substitution measure
ments, as precision capacitance or time-delay standards, as
well defined reactance standards, as dielectric sample holders
for dielectric-constant and loss measurements with slotted
lines and network analyzers, and as absolute impedance refer
ences in time-domain reflectometry. The 900-LZ series are
bead less, virtually reflection less coaxial air lines, \:Vith spring
loaded supporting tips on the ends of the inner conductor to
mate with GR900 connectors;'"microfinished outer-conductor
ends make butt contact with the mating connectors.

Frequency: Dc to 8.5 GHz.
SWR: « 1.0005 + 0.0002 f6H,); calibration data supplied.
Repeatability: SWR: Within (0.010 + 0.003 fGH,)%.
Electrical: IMPEDANCE: 50 !l ± 0.05% at 23°C and where
skin depth is negligible. Additional skin-effect error is cal
culable.' INPUT VOLTAGE: Up to 3000 V pk. POWER, aver
age into 50-!1load: Up to 20 kW, dc to 1 MHz, decreasing as

Precision Air Lines

50-!! Reference Air Lines
Electrical Capaci-
Length ta nce

(±0.002 cm) (±0.07%)
Type cm pF

Time
Delay Odd A/4
(±0.1 ps) Frequencies'

ps GHz
Catalog
Number

1.014

1.012

1.010

a::: 1.008

"~ 1.006

1.004

1.002

1.000

sPECIFICATION L1WT ....-
-'--.- .J' 7-:......- -- /

~

TYP,ICAt._r-

3 • 5
FREQUENCY-GHz

SISTANCE each end, when mated with GR900 connector:
<0.07 mil for outer conductor, <0.5 mil for inner conductor.

900-L3 3 2.0000 100 < 0.005 y'fGH; 0900-9608
9OO-LlO 10 6.6667 333 < 0.012 y'fGH, 0900-9605
900·Ll5 15 10.000 500 < 0.016 y'fGH, 0900-9607
9OO-L30 30 20.000 1000 < 0.028 y'fGH' 0900-9613

Useful as low-SWR line extenders, as 50-ohm impedance
standards at frequencies at which the electrical length is an
odd multiple of a quarter wavelength, as capacitance and
time-delay standards, and as absolute impedance standards
in time-domain reflectometry. Each line consists of a short
section of precision 50-ohm air line with a GR900 connector
at each end.

Frequency: Octo 8.5 GHz.
SWR: «1.0013 + 0.0013 fGfU).
Electrical: IMPEDANCE: 50 !l ± 0.065%. Additional skin
effect error is calculable.' INPUT VOLTAGE: Up to 3000 V
pk. POWER, average into 50-!l load: Up to 20 kW, dc to 1
MHz, decreasing as l/yf at higher f. DC CONTACT RE-

50-!! Precision Air Lines
E.lectrical
Length
(±0.02 Capaci-
cm) tance

Type cm of

Time
Delay Insertion
(± los) Loss

ps dB
Catalog
Number

I J. Zorzy, "Skin-Effect Corrections in Standards," IEEE Transactions on Instrumentation and Measurement, Vol. IM-15 No.4, December 1966,
p. 358 (GR Reprint A-134).
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GR900® 75-0hm Components
New Since
Catalog U

New versatility. A ne~ series of GR900® general-purpose
coaxial components extends the versatility of the line to the
field of 75-ohm transmission-line measurements. The series
includes matching pads and adaptors to permit direct conver
sion of existing 50-ohm systems to the 75-ohm capability.

Basic Precision Connector

The GR900 75-ohm components use a connector similar
to the 50-ohm counterpart except for an identifying black
coupling nut and modified inner conductor and insulating
bead. Performance for the new components is specified up to
1 GHz but they are useful to 8.5 GHz or higher.

Mechanical: DIMENSIONS: 1.19 in. (30 mm) long x 1.06 in.
(27 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

For use on rigid, 14-mm, air-dielectric, 75-11 coaxial lines
or with capacitance, inductance, and resistance standards.

Frequency: Dc to 1 GHz, usable to 9 GHz.
SWR: «1.0015 + 0.0015 fGH,).
Repeatability: SWR: ±0.0006 (±0.06%). INSERTION LOSS:
±0.001 dB to 30 MHz, ±0.002 dB to 1 GHz. PHASE: 0.01 0

at 1 GHz.
Electrical: IMPEDANCE: 75 11 ± 0.3%. INPUT VOLTAGE: Up
to 3000 V pk. POWER, average into matched load: Up to 18
kW, dc to 1 MHz, decreasing as 1/Yfat higher f. INSERTION
LOSS: < 0.004 yfGH' per pair. LEAKAGE: > 130 dB below sig- .
nal. ELECTRICAL LENGTH: Nom 1.75 cm (3.5 cm, mated
pair); exactly 1.7488 ± 0.0038 cm (3.4976 ± 0.0076 cm).
DC CONTACT RESISTANCE: < 0.07 m11 for outer conductor,
< 0.5 m11 for inner conductor.

Precision Adaptors to Type F

Description

900-BT (75-fi) Precision Coaxial Connector

Catalog
Number

0900-9730

Two adaptors are available; one includes a type F jack and
the other includes a type F plug. Each uses a GR900 (75-11)
connector on the other end. Type F jacks are designed for use
with 0.023-in. dia (0.58 mm) wire.

Frequency: Dc to 1 GHz.
Electrical: IMPEDANCE: 7511 nominal.
Mechanical: DIMENSIONS: 0900-9738 1.92 in. (49 mm) long;
0900-9739 1.75 in. (44 mm) long; either, 1.06 in. (27 mm)
dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg) shipping.

Two adaptors are available; one includes a large Western
Electric jack and the other includes a large W-estern Electric
plug. Each uses a GR900 (75 11) locking connector on the
other end.

Frequency: Dc to 1 GHz.
Electrical: IMPEDANCE: 7511 nominal.
Mechanical: DIMENSIONS: 0900-9736 3.4 in. (86 mm) long;
0900-97372.9 in. (74 mm) long; either, 1.06 in. (27 mm) dia.
WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg) shipping.

Description

75-n Adaptors to F
9OO-QFJ (75om, with type F jack
90D-QFP (75-m, with type F plug

Precision Adaptors to Large WE

75-n Adaptors to Western Electric, large
900-QWJL (75-fi), with large WE jack
900-QWPL (75-fi), with large WE plug

Catalog
Number

0900-9738
0900-9739

0900-9736
0900-9737

1.04,-----,--,.----,.-----,

~ 1.02f---,--,.---+:~\_--t--___l

'"

1.04 I I
ll: GR900-QWL

" 1.021---,--.--...,.--"11----"11----;

'" .A I T 'TYPICAL !AIR

1.01 250 500 750 1000 1500 2000
FREQUENCY- MHz
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Precision Adaptors to Small WE

Two adaptors are available; one includes a small Western
Electric jack and the other includes a small Western Electric
plug. Each uses a GR900 (75-n) locking connector on the
other end.

Frequency: Dc to 1 GHz.
Electrical: IMPEDANCE: 75 n nominal.
Mechanical: DIMENSIONS: 0900-97342.89 in. (73 mm) long;
0900-9735 2.62 in. (67 mm) long; either, 1.06 in. (27 mm)
dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg) shipping.

Description

75-fi Adaptors to Western Electric, small
9OO-QWJS (75-fi), with small WE jack
9OO-QWPS (75-fi), with small WE plug

Catalog
Number

0900-9734
0900-9735

1.04O=----='1==;='"""".,.,,=~

3 1.021--.--.---.--
en

9OO!75f11 J

Precision Adaptor, 75- to 50-Ohm GR900

Mechanical: DIMENSIONS: 1.66 in. (42 mm) long x 1.06 in.
(26 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, 1 Ib (0.5 kg)
shipping.

Includes a GR900 (50-n) connector on one end and a
GR900 (75-n) connector on the other end. It is a mechanical
adaptor for the conversion from GR900 50-ohm connectors
to GR900 75-ohm connectors (it is not an impedance trans
former; see 900-MP below).

Frequency: Dc to 1 GHz, usable to 8.5 GHz.

Electrical: IMPEDANCE: 50 n ± 0.3% for 50-n side; 75 n ±
0.5% for 75-n side. LEAKAGE: > 130 dB below signal. ELEC
TRICAL LENGTH: 4 ± 0.01 cm for 50-n side; 0.24 ± 0.005
cm for 75-n side.

Description

9OO-Q75 Precision Adaptor, 50 to 75-fi

Catalog
Number

0900-9731

75- to 50-Ohm Precision Matching Pad

0900-9732

Mechanical: DIMENSIONS: 3.75 in. (95 mm) long x 1.06 in.
(27 mm) dia. WEIGHT: 0.6 Ib (0.3 kg) net, 2 Ib (1 kg) ship
ping.

900-MP 50 to 75-fi Precision Matching Pad

A. two-port minimum-loss network to match 50-ohm GR900
equipped devices to similarly equipped 75-ohm devices. It
features low SWR, low leakage, and the excellent repeatability
inherent in GR900 connectors.

Frequency: Dc to 1 GHz, usable to 8.5 GHz.

SWR: Better than 1.003 + 0.003 fGH• for 50-n side, 1.01 +
0.012 fGH• for 75-n side.

Electrical: IMPEDANCE: 50 nand 75 n. INPUT: 1 W max con
tinuous. INSERTION LOSS: 5.72 dB nominal. LEAKAGE:
> 130 dB below signal.

Precision 75-0hm Termination

Mechanical: DIMENSIONS: 1.83 in. (47 mm) long x 1.06 in.
(27 mm) dia. WEIGHT: 0.2 Ib (0.1 kg) net, lib (0.5 kg) ship
ping.

A fixed 75-n resistor mounted in a GR900 (75 n) connector
for establishing reference conditions in coaxial lines, for im
pedance matching, for use as a termination, for the calibra
tion of bridges, slotted lines, and reflectometers, and for use
as a dummy load in network measurements.

Frequency: Dc to 1 GHz, usable to 9 GHz.
SWR: «1.005 ± 0.005 fGH,).

Electrical: IMPEDANCE: 75 n ± 0.3%, temperature coefficient
< 150 ppm/oC. INPUT: 1 W with negligible change, 5 W
without damage. 9OO-W75 05-fi) Precision Standard Termination 0900-9733
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9OO-EL Precision 90° Ell

GR900® Miscellaneous
50-Ohm Precision 90° Ell

Permit!? coaxial devices, such as vertical liquid-dielectric
sample holders, to be physically oriented as required, with
better electrical performance than could be obtained with
flexible cable.

Frequency: Dc to 8.5 GHz.
SWR: «1.004 + 0.004 fGH,).
Electrical: IMPEDANCE: 50 .n ± 0.4% at frequencies where
skin depth is small. INPUT VOLTAGE: Up to 1500 V pk.
POWER, average into 50-n load: Up to 10 kW, dc to 1 MHz,
decreasing as 1/Yfat higher f. INSERTION LOSS: (0.017
~) dB. ELECTRICAL LENGTH: [10.00 + 0.0014 (fGH,)' ±
0.02] cm.·
Mechanical: Gear rings rotatable, for proper mating in any
orientation. MATING DIMENSIONS: 2.066 in. (5.246 mm)
from center line 'of one connector to reference plane of other
connector. OVER-ALL DIMENSIONS: 2.69x2.69xO.88 in. (68x
68x22 mm). WEIGHT: 0.7 Ib (0.3 kg) net.

Tool Kit

Description

~~~:: ~
VI TYPICAL

1.01

1.000 I 2 3 4 5 6 7 8 9
FREQUENCY - GHZ i_-CL-/I

Catalog
Number

0900-9527

Nine-piece tool kit in fitted case for convenient installation
of 890-BT, 900-BT, 900-C58, and 900-C9 50-ohm precision
coaxial connectors. With 0900-9904 accessory tools, the kit
can also be used for 900-BT (75n) connectors. Complete in
structions are included.
Mechanical: WEIGHT: 7 Ib (3.2 kg) shipping.

Storage Case
An attractive mahogany case with firm, foamed plastic in

serts having molded recesses designed to hold various types
of GR900® precision coaxial components. An excellent way
to keep together a set of adaptors, air lines, terminations, and
the like and to carry or store them with minimum exposure
to dirt or damage to the precision machined surfaces.
Mechanical: WEIGHT: 8 Ib (3.7 kg) shipping.

Cleaning Kit
For cleaning both 50-ohm and 75-ohm GR900 connectors.

Solvent supplied in 16-oz aerosol will not affect insulator nor
any metal surface in these connectors. Kit also includes two
brushes and 24 lint-free wiping pads.

Description

9OO-TOK Tool Kit
Accessory Tools, for use with 900-TOK on 900-BT (75!l)
connectors

Storage Case and Cleaning Kit

GR900 Storage Case
900-TOC Cleaning Kit

Precision Tube and Rod

Catalog
Number

0900-9902

0900-9904

0900-9450
0900-9610

Mechanical: Supplied in pairs; centerless-ground, silver
layered brass rod; for use with 890-BT, 900-AB, -AC, -AP, and
-BT connectors. DIMENSIONS (diameters specified at 23°C):

·13 ± 0.0312 in. (330 mm) long with straightness of 0.0015
in./ft; 0.24425 in. ± 65 /Lin. dia with uniformity of ±25 /Lin.
and surface finish of 20 /Lin. max.

Used to fabricate custom-length 14-mm air lines and com
ponents in conjunction with GR900 connectors and connector
kits. Machining instructions are furnished.
Precision Outer-Conductor Tube
Mechanical: Precision-forged, silver-lined brass; stress re
lieved to minimize dimensional changes during machining;
for use with 890-BT, 90D-AB, -AC, -AP, -BT, and -BT (75n)
connectors. DIMENSIONS (diameters specified at 23°C): 27
in. (690 mm) long, 0.830 in. nominal 00, 0.5625 in. ± 220
/Lin. 10 with straightness of 0.005 in./ft and inner-surface
finish of 30 /Lin. max, 0.134 in. nominal wall thickness.
50-n Precision Inner-Conductor Rod
Electrical: IMPEDANCE: 50 ± 0.035 n (± 0.07%) when cen
tered in 0900-9509 tube.
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Precision Outer-Conductor Tube
50-n Precision Inner-Conductor Rod

0900-9509
0900-9507
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Strobe Selection
In principle, all strobes are basically the same

they are very bright, flashing lights normally used to ob
serve action that is too fast to be seen by the unaided
eye. When a strobe is aimed at a repetitive action and
its flash rate is set to the same speed as the action (or
some integer submultiple of it), the action appears
stopped. It can be easily viewed, analyzed, and even
measured, thanks to the stroboscope.

In practice, strobes differ significantly in their char
acteristics in order to match more exactly the require
ments of a wide variety of applications. They also differ
from one manufacturer to another in such important
aspects as flash quality and reliability, attention to engi-

neering and production details, and appJications and
service assistance. A properly chosen strobe can be an
invaluable asset in your application and will undoubtedly
reap benefits well in excess of its purchase price.

Since the matter of selection is important, we have
tabulated a summary of broad application areas with
the appropriate strobes and their features. Later pages
give you detailed descriptions of their individual char
acteristics. We also have an extensive library on stro
boscopy, and we provide free advice and technical
assistance from offices located throughout the world.
Inquire about our 15-day free trial on any of our strobe
equipment.

Application
Appropriate
GR Strobe Features Useful in The Application

Education Strobes help demonstrate certain laws of physics, relations between frequency and wavelength, finite velocity of light,
effects of combining colors, properties of standing waves, and the laws of gravity. Use a strobe for studies of velocity,
acceleration, and energy transfer, or the principles of stroboscopy itself.

Physics lab

Mechanical
engineering

Electrical
engineering

Chemistry, biology,
psychology, etc

1543
1542

1539-A with 1531-P2
1544

1531-AB

1531-AB or
1538

1531-AB
1543 or 1544

Low cost, accurate time base, external triggering for stable synchronization.
Excellent where economy is important; uncalibrated time base.

Wide·range trigger delay for optimum image positioning, detachable lamp.
Economical where normal·range trigger delay is adequate; fixed lamp.
Accurate calibration enables you to measure rpm.

Accurate calibration - a must for torque/speed measurements.

Accurate calibration for precise speed or time measurements.
More economical where accurate calibration is not required.

Textiles The high operating speeds in the textile industry make the strobe almost mandatory. Its versatility permits rapid checks
On spindle operation, twist loss, travelers and twisters, pattern pickage, dobby head, harness cams and motion, shuttle
flight and arm tension, boxing and picking, filling transfer and ringing·up bobbin ejection, hopper·stand setting, rapier
action, filling transfer, and pickage in shuttleless looms, let-<>ff and takeup, power-arm operation and adjustment, and
condition, meshing and running of gears.

Shuttle looms

Water·jet and
shuttleless looms

Spinning

1540 with 1540·P4

1544

1538 or 1531

Super·bright light for maximum clarity, delay triggering for optimum image positioning.

Delay triggering for optimum image positioning, lower cost.

Accuracy for speed or rpm measurements; fast, short flash provides clear image.

Printing
and converting

High·speed printing presses and converters can be checked easily by means of a' strobe. Printing registration, ink or
glue uniformity, water catch up, and material stretch can all be checked without slowing or stopping the press. The
strobe provides equally simple and valuable checks of other printing equipment such as folders, blankers, box· or bag·
making machinery, creasing and scoring equipment, coaters or laminators, slitters·rewinders, stitchers, as well as
doctoring, embossing, and perforating equipment.

Presses

Inspection sl itter·
rewinders

1544
1540 with 1540·P4

1544

Photoelectric and delay triggering for stable synchronization and optimum image positioning.
Better choice where a large area is to be illuminated or the ambient light is very bright.

Photoelectric trigger capability and delay triggering - an excellent choice for inspection slitter
rewinders.

Machine design
and maintenance

Stroboscopes can be used to observe the slippage between two shafts or between a motor and belt, to measure motor slip
speed in accordance with IEEE 112A and 114, and to study the effects of cavitation on turbine blades or other hydraulic
equipment. They can also be used in the design and checkout of prOduction, handling, and packaging equipment or
appliances and for studies of automobile wheel, motor, or chassis vibration.

Electro·mechanical 1539-A with 1531-P2
design 1544

Production 1531 or 1538
inspection

Plant maintenance 1531 or 1538
1542 or 1543

Photoelectric and wide·range delay triggering for optimum image positioning.
An economical choice Where the delay·triggering range need not be so great.

Accurate calibration provides speed and rpm measurements.

Best suited where accurate flash rates are necessary.
More economical where accurate flash rates are unimportant.

Electrical and
electronic fields

The strobe is a valuable aid in the development of loudspeakers and other audio devices and in the design, production
and servicing of electric motors, card sorters or punches, and automatic component·handling equipment. Also valuable
for monitoring the action of environmental shake tables and to study switch or relay bounce.

Electrical
inspection

1531 or 1538 Provide accurate speed, time, or rpm measurements.

Photography and TV

Single or
multiflash

Effective shutter spl!eds some 1000 times faster than mechanical shutters are possible by use of a strobe. Permits de·
tailed examinations of such single-action events as the impact of a bullet, an explosion, glass fracture, destructive tests,
and other extremely high·speed phenomena.

1540 with 1540-P4 Super·bright light, precise camera synchronization.
1539-A with 1531-P2 Provides excellent single·f1ash photos at an economical price.

The 1541 Multiflash Generator is an excellent accessory for any high·speed photo work and can be used with any GR
strobe to produce flash rates as high as 100,000 per second.
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GR Strobe Characteristics

Intema' Oscillator Externa' Triggering Flesh Rete-
Super-

Accurate Accurate (max flashes per minute) Bright Battery
Time Base Calibration Contact Signal Photoelectric Delayed 3800 25,000 150,000 Ught Operation

1540 with 1540-P1, yes yes yes yes yes yes yes yesbrightest light
1540 with 1540-P3, . r

PSCiliator yes yes yes yes yes yesbrightest light Internal
1540 with 1540-P4. yes yes yes 100 "'s yes yes yesbrightest light to 1 s

100 ",s to
1531-AB, best yes 800 ms

general-purpose yes yes yes yes with 1531-P2 with yes yes

1531-P2
100 ",s to

1538-A, most versatile
yes 800 ms with with

yes yes yes yes with 1531-P2 with yes yes yes 1538-P4 1538-P3
1531-P2

1542-B, lowest cost yes
1543, low cost line sync yes yes

1544, low cost line sync
16 to yesyes yes yes 330 ms

1539, excellent for
no yes withhigh·speed

internal oscillator yes yes with 1531-P2 1531-P2
yes yes

photography

• To "stop" motion effectively, the flash rate need not be so high as the rpm of the machinery. For very high speeds, the use of strobe light at a
sub-multiple flash rate (and consequently with brighter flashes) often provides the best image.

This equipment is augmented by important accessories, includin;: photoelectric pickoffs and the 1541 Multlflash Generator.

The strobe in packaging.

The strobe in the textile plant.
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Internal oscillator Most GR strobes include an in
ternal oscillator that allows the strobe to flash repeti
tively without need of any external signal. The frequency
of the internal oscillator is adjusted by means of a knob
(and a range control on some models) and thus the
flash rate can be set to any desired value within its
range.

Accurate time base Two of the strobes incorporate
a line-sync mode, in which the internal oscillator is syn
chronized to the line frequency or to a submultiple
(3600, 1800, 1200, 900, 720 ... flashes per minute for
60-Hz lines). In the U.S.A., this mode provides 0.1%
accuracy at these rates. Thus, the flash rate, which in
the normal (free-running) mode can be adjusted con
tinuously without accurate calibration, in the line-sync
mode can be set to specific rates with a very high ac
curacy. The time base (known time interval) thus pro
vided is a great convenience or even a necessity in many
applications.

Accurate Calibration In some models, the flash rate
is calibrated to an accuracy of ±1% and dial readings
can be used to measure speed, rpm, or time.

In many applications, this feature is used to measure
rpm so the strobe becomes an accurate and convenient
tachometer. Some care must be taken in this applica
tion because the action under observation will appear
stopped not only at the true rate at which the device is
rotating but at whole-number submultiples of it such as
112, 1f3, 1M, etc. The truth can be simply determined as
follows: True speed = A x Bf (A - B), where A and B
are adjacent apparent measurements (two adjacent set
tings of the strobe's flash rate at which the object ap
pears stopped).

For example, assume you first obtained a reading of
2400 rpm. You then decreased the flash rate until the
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object again appeared stopped and this second reading
indicated 1800 rpm.

2400 X 1800
True rpm = 2400 _ 1800 =7200

From the example, it can also De seen that the flash
rate of the strobe need not be as high as the speed of
the device in order to obtain accurate measurements
of rpm.

Strobes that do not contain an internal oscillator re
quire an external signal for operation. Where neither
"Accurate Time Base" nor "Accurate Calibration" is in
dicated (shaded area), the frequency of the internal
oscillator (and, hence, the flash rate) is approximate
only. With that strobe, the markings on the dial (if any)
cannot be used as an accurate measure of speed, rpm,
or time unless they have been calibrated by the user.

External Triggering In a strobe with an internal oscil
lator, the motion of a device under test appears stopped
when the flash rate is set to the same rate as the mo
tion (or to some submultiple of it). If the rate of mo
tion changes or the strobe's flash rate changes, the illu
sion of stopped motion disappears, and the strobe's flash
rate must be readjusted for synchronization.

In many cases, the rate of motion changes often
so that readjusting the strobe's flash rate to obtain syn
chronization becomes difficult if not impossible. Also, in
many high-speed, non-repetitive events (such as explos
sions, rifle shots, and the like) it is necessary to flash the
strobe at some precise moment determined by the event,
not the strobe. In these applications, the strobe must be
triggered by an external signal, rather than by its internal
oscillator.

Contact The simplest method of triggering is a con
tact closure (or opening) such as from a switch or relay.
The switch can be mounted on the device and operated
by a cam, it can be a hand-held pushbutton, a camera
flash-synchronization contact, or any of several dozen
other switch arrangements.

Signal Another trigger source can be an electrical
signal such as from an ultra-precise oscillator in order to
obtain greater flash-rate accuracies, a microphone to
trigger the flash from a noise such as an explosion, or
another piece of electrical or electronic equipment with
which synchronization is required.

Photoelectric One of the most common trigger
sources is the photoelectric pickoff. These devices use
light to create an electrical signal that, in turn, triggers
the strobe. They are widely used because they are in
expensive, simple to install, and do not interfere with the
normal operation of the device under observation. Sev
eral styles are available, including:
• A light source and a photo cell are housed in a single
unit (the GR 1536-A and 1536-0). The light is aimed at
the path of a piece of reflective tape attached to the
device. As the tape moves past the light, the reflection
back to the photo cell causes the strobe to flash.
• The light and cell are housed in two different units,
mounted so that the light is aimed at the cell. The object
under study moves between the light and the cell and
alternately blocks the light to the cell and then allows it
to pass. This arrangement is particularly useful in many
printing applications where the object under study is
printed on a web. The 1537-A is such a pickoff; it re
quires an external light source.

Delayed Without delayed triggering, the strobe flashes
immediately following receipt of a trigger and, in many
cases, this is exactly what is required. But in some others,
this is not desirable and an adjustable time delay is in-
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The strobe at the printing press.

The strobe on a ballistic range.

The strobe in the air-moving industry.
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corporated so the strobe flashes some time after the
trigger is applied.

For example, the only Gonvenient place to obtain a
trigger on many printing presses is often somewhere
remote from the point at which you wish to observe the
action - the strobe may then flash at the wrong time
unless great care is taken in the placement of the trig
ger device.

In another case, you may want to observe the action
slightly after it has been initiated and yet the only time
at which you can obtain a trigger is exactly at the moment
the action starts. One example of this is the use of a
microphone to trigger a strobe from a rifle shot - you
may want to see the bullet later in flight and not at the
moment it is fired.

Many machine applications require observations at
several points in the operating cycle. Without a delayed
trigger, several trigger devices would have to be used or
a single trigger device would have to be repositioned for
each observation - both solutions are costly and time
consuming.

Flash rate The rate at which the strobe flashes is
known as its flash rate and is usually measured in flash.es
per minute (fpm). For GR strobes, the flash rate is ad
justable to a maximum of 3800, 25,000 or 150,000.
depending on the model.

.Super bright The light output from any GR strobe is
bright; it has to be for clear viewing. You get the very
brightest flashes from the 1540 and almost as bright from
the 1538 model equipped with a 1538-P4 High-Intensity
Flash Capacitor. The extra light output is very valuable
in TV or photographic applications.

Battery operation Most GR strobes are small, light,
and very portable. One is capable of battery operation 
the 1538-A with a 1538-P3 Battery and Charger.

The General Radio Library
We offer not only one of the broadest lines of strobe

equipment available today but also one of the broadest
selections of information - all of it at your disposal and
most of it free of charge:
A Primer of Stroboscopy - free. A 20-page booklet that
describes the basic principles of the strobe.
Handbook of Stroboscopy - $2.00. A 117-page author
itative work on all aspects of the strobe and its appli
cations.
Strobotactics - free. A periodical devoted to the latest
aevelopments and applications in the strobe field.

A Better Buy
Although GR strobes differ from unit to unit to pro

vide you with a suitable choice, they all share one im
portant characteristic - over 35 years of design refine
ment, an asset shared by no other strobe equipment.
GR introduced the first commercially available strobes
and has been improving them ever since. The benefits
from this experience are yours no matter which GR
strobe you select.

A Sure Buy
Strobes are highly dynamic tools and no measur~ of

descriptive literature can fully describe their potential
in your application. To ensure the strobe you select is
the one most suited to your needs, we offer a free trial,
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The strobe in the product-testing lab

The strobe in the photo studio and classroom.

Using Stroboscopy - free. A 16-page reprint from
Machine Design on the principles and techniques of
strobe photography. .
Handbook of High-Speed Photography - $1.00. A 92
page book that thoroughly details the strobe's role in
photography.
Man's Control Over Time - A 15-minute color film on
the principles of recording hh~h-speed events. A $15.00
handling fee is charged for the use of this film.

Flicker-free, reliable light from flash tubes designed for
optimum performance in GR stroboscopes.
Extremely short flash durations to reduce blur and im
prove clarity.
Rugged construction to withstand even severe abuse or
demanding environments.
Local assistance from a continually expanding network
of national and international offices.

in the U.S.A. and several other countries, on all our
strobe equipment. For more information, please contact
your nearest Regional Center or representative.
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Strobolume@ electronic stroboscope
Type1540
• flash rates to 25,000 per minute

• brilliant white light

• wide-beam flood area for photography and TV

Stopped motion With the aid of a stroboscope you can
examine the motion of machines, objects exploding or in
flight, fluid spray patterns, and many other events as
though they were motionless. With a calibrated strobo
scope, you can measure the rate of repeating motion to
1% accuracy up to lf4 million rpm.

With the bright-light 1540 Strobolume® electronic
stroboscope, you can perform all these tasks, and more,
under difficult lighting conditions and even make color
stopped-motion photographs or make videotapes. The
1540 is the first stroboscope to generate so much light
and also provide the versatility for general-purpose uses.
Three control units are available; with the right one for
the job, the 1540 can be flashed continuously or syn
chronized with the motion or camera for single flashes or
bursts. Thus, you can "hold" cyclic motion in one chosen
position, freeze a once-only event on film or tape, or
expose a motion to multiple-flash analysis.

Bright flashes Everyone is a pulse of white light last
ing less than 15 microseconds and illuminating a 7-by
13-foot area, 10 feet away, with brilliance enough for still
or movie photography or TV recording.
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The flash can be triggered from a photoelectric pickoff,
the opening or closing of a switch contact or camera
shutter, or an electrical pulse or sine-wave signal. The
flash can occur at the instant of the triggering event or be
delayed by any desired time from 100 microseconds to
1 second to catch a subsequent event.

Versatile construction The working part of the Strobo
lume stroboscope is the lamp head to which one of the
three control units attaches, either directly or by exten
sion cables for remote operation. The combination is
small and easy to hold or mount on a tripod. A twelve
foot cable brings dc power from the larger power supply!
carrying case.

To use, aim the lamp at the object to be studied (from
a distance determined by the area to be illuminated and
the amount of light needed). Connect the camera (any
ordinary type with "X" flash synchronization) and photo
electric pickoff to the control unit and set the controls to
"stop" the motion at the right point. Set the strobe for
single flash, operate the shutter, and you have a picture.

- See GR Experimenter for Sept-Oct 1969.
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SPECIFICATIONS

1540-P1 Strobolume® Oscillator

For speed measurements and general use
Provides internally generated flashing rates,
accurate to 1%, for general use and is partic
ularly well-suited for speed measurements
from 110 to 25,000 rpm.

Flash Rate (flashes per minute):
o to 25,000 external: single flash by means
of panel pushbutton; 110 to 25,000 internal
by means of calibrated control in 3 over
lapping decade ranges with 1%-of-reading
accuracy.

Trigger:

INPUT: From 1537 Photoelectric Pickoff;
contact closure; ;;" +1-V pulse; or ;;" 3.5 V
rms sinewave at flash rate of 300, decreas
ing to 0.35 V at flash rates of 6000 to
25,000. OUTPUT: > +6-V pulse behind
600 il.

Camera:

single flash from contact closure

1540-P3 Strobolume® Control Unit

For use with external equipment Provides
flashes only in response to external signals.
It is the lowest-priced control unit and is well
suited for use with the 1541 Multiflash Gen
erator.

o to 25,000 external: single-flash by means of
panel pushbutton.

INPUT: From 1537 Photoelectric Pickoff; con
tact closure; or ;;" +1-V pulse. OUTPUT: None.

single flash from contact closure

1540-P4 OscillatorI Delay Unit

For motion analysis and photography Pro·
vides internally-generated flashing rates and
is the only unit that provides gated bursts of
flashes as wei I as variable delay between re
ceipt of a trigger and each flash. Well suited
to photography; the flash can be synchro
nized with both motion and camera.

o to 25,000 external; single·flash by means of
panel pushbutton; = 30 to 25,000 internal by
means of uncalibrated control in 3 overlap
ping ranges. MULTI FLASH MODE permits
flash bursts as long as panel pushbutton is
depressed or contact closure exists at Cam
era jack, flash rate is set by panel controls.

INPUT: From 1536 (Iight-to-dark or dark-to
light transitions) or 1537 Photoelectric Pick
offs; contact closure or opening; ;;" +1-V
pulse; ;;" 0.35 V rms sinewave. OUTPUT:
> +lO-V pulse behind 10 kil.

yes, see below

Delay: none none yes, see below

1540-P4 Characteristics: CAMERA INPUT: Permits "X" con
tact closure of camera to cause flash at instant of contact
closure, delayed flash synchronized to subject by external
trigger signal, or multiflash "burst." DELAY: Time from ex
ternal trigger to flash is continuously adjustable from = 100 p'S

to 1 s, uncalibrated control, 3 overlapping decade ranges.
RATE of multiflash: ·30 to 25,000 per min, continuously ad
justable, 3 overlapping ranges.
Light Output: Measured with silicon photo detector 1 meter
from lamp at maximum beam width of = 40x65° (7.5x13 ft
at a distance of 10 tt); can be narrowed to = 17x65° (3x13 ft),
intensity increases as beam narrows; beam width measured at
lf2-intensity points:

* For low flash rates. Energy is electrical input to lamp.

Intensity Range

FLASH RATE, per minute
FLASH DURATION*
ENERGY*, watt-seconds
BEAM INTENSITY', candela

Low

690 max
1511s

10
16x16'

Medium

4170 max
1211S

1.8
4xl0'

High

25,000 max
10l1s
0.25

O.5xlO'

Auxiliary input is provided for connecting a booster capacitor
to increase single-flash intensity.
Remote Programming: Can be controlled by external signals,
applied to rear of lamp assembly, in place of any control unit.
INTENSITY: Range selection by switch closures to ground; re
quired ratings 28 V, 60 mAo FLASH: Triggered by pulse of
;;" +0.75 V, which must not occur while intensity range is
being changed.

Environment: VIBRATION: 0.03 in. from 10 to 30 Hz. BENCH
HANDLING: 4 in. or 45° (MIL STD-81O-VI). SHOCK: 30 g,
11 ms.

Supplied: Power cord, 12-ft flat cable for connection of lamp
head to mainframe, pouch containing adjustable neck strap
for combination lamp head and control unit, phone plug for
trigger input/ output jacks, 6-ft cable for remote connection
between lamp head and control unit.

Available: 1536 and 1537 Photoelectric Pickotts; 1541 Multi
flash Generator; extension cables for greater separation be
tween mainframe, lamp head, and control unit.
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Power: 100 to 125 and 195 to 250 V, 50 to 60 Hz, 250 W max.

Mechanical: Mainframe housed in portable cabinet and con
tains power supply, lamp head in associated storage compart
ment, and storage space for one control unit and cables.
DIMENSIONS (wxhxd); Case (closed), 19x8x13.75 in. (483x
203x349 mm); lamp head with control unit attached, 9.25x
5.5x8.5 in. (335x140x216 mm). WEIGHT (including one con
trol unit); 32 Ib (15 kg) net, 39 Ib (18 kg) shipping.

Description

1540 Strobolume® electronic stroboscope mainframe,
includes 1540-P2 lamp head and power supply.

Select at least one of the following control units,
unless the 1540 is to be remotely programmed:

1540-Pl Strobolume® oscillator
1540-P3 Strobolume® control unit
1540-P4 Oscillatorl Delay Unit

1540-P2 Strobolume® lamp, additional assembly
1540-P5 Strobotron Flash Lamp, replacement

Catalog
Number

1540-9600

1540-9601
1540-9603
1540-9604
1540-9602
1540-9605

Its brightness and versatility make this strobe a natural for TV applications such as video recordings of
rapidly-moving parts in mechanical devices.

The 1540 is a valuable, eco.nomical,
high-speed photographic tool. This
sequence follows the action of a
2000-rpm wood bit going through a
piece of particle board.
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The lamp-head assembly can also be hand-held separately
using the pistol-grip handle supplied.

The control unit and lamp-head assembly
can be attached together and mounted
on a tripod for convenience or, with the
neck strap supplied, can be made as
portable as your need dictates.
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Strobotac®
ele'ctronic
stroboscopes

Types 1531-AB and 1538-A

• speed measurements to 1 million rpm; 1% accurac

• bright white light for high-speed photography,
for observations in any normal ambient light

• simple to use, easy to handle

Compact and accurate These stroboscopes are small
portable flashing-light sources used to measure the speed
of fast-moving devices or to produce the optical effect of
stopping or slowing high-speed motion for observation.
A built-in system uses the power-line frequency for quick
and easy checks and adjustment of the flash-rate calibra
tion. Each flash-Iamp/ reflector assembly is hinged at the
panel and the reflector swivels 360 degrees, for complete
flexibility. The cases have standard sockets (0.25x20
threads/ inch) for tripod mounting. The instruments are
all approved by CSA Testing Laboratories.

Versatile synchronization A variety of trigger inputs
can be used for flash synchronization. Contact closures,
pulses, or sinewave signals will trigger the flash and an
output trigger is provided so the stroboscope, in turn, can
trigger another device. A 1536 Photoelectric Pickoff can
be used with a 1531-P2 Flash Delay to provide an adjust-

able delay between the time a selected point on a moving
object passes the pickoff and the time the strobe flashes.
Single-flash photographs of high-speed motion are a snap
with any still camera when the 1531-P2 is used.

The difference The 1531 is more economical to buy.
On the other hand, the' 1538 gives you six times the
maximum flash rate of the former and also works with
accessories that increase the single-flash light output (for
example) by a factor of about 6, provide the convenience
of an extension lamp, and enable portable operation with
a rechargeable battery.

- Note: These stroboscopes are manufactured also in Europe.

SPECIFICATIONS

1531-AB: Accurately calibrated
flash rates to 25,000 per minute.

1538-A: Accurately calibrated
flash rates to 150,000 per minute,
accessories for brighter light,
extension lamp, and battery operation.

Flash Rate in flashes per minute:
110 to 25,000 in 3 ranges; speeds up to 250,000 rpm can be
measured. ACCURACY: ±1% of reading after calibration on one
range against 50-t0-60 Hz line frequency.

External Trigger, input and output connections are phone jacks:
INPUT: Contact opening, pulse ;;;. +6 V pk-pk, or sinewave
;;;. 2 V rms for f > 5 Hz. OUTPUT: Negative pulse ;;;. 500 to
1000 V.

110 to 150,000 in 4 ranges; speeds to 1,000,000 rpm can be measured.
ACCURACY: ±1% of reading after calibration on 670-to-4170 rpm range
against 50-t0-60 Hz line freqllency.

INPUT: Contact closure, pulse;;;, +1 V pk-pk, or sinewave ;;;. 0.35 V rms
for f > 100 Hz (3.5 V at 10 Hz). OUTPUT:;;;' +6 V behind 400 n.

Light Output: Beam width 10· at ¥2"intensity points for both units:
Energy" Beam Intensityt

Duration' walt-seconds candela' Duration'
Energy"

walt-seconds
Beam Intensityt

candela

at 690 fpm
at 4170 fpm
at 25,000 fpm
at 150,000 fpm

0.5
0.09
0.014

l1x10"
3.5x1O"
0.6x1O"

3"s
1.2"s
0.8"s
O.5"s

0.5
0.09
0.014
0.0023

15x10"
5x1O"
1x10"
0.16x1O"

, Measured at ¥3 peak intensity; for 1538 with -P4, duration is 8"s.
t Measured with si licon photo detector 1 meter from lamp; single-f1al'h beam intensity for 1531 is = 18x10" and for 1538 with -P4 it is=44x10" candela.

" Electrical input to lamp.
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IS38-P2 1538-P4

IS38-P3

Description
Catalog
Number

Supplied: Adjustable neck strap, phone plug for input and
output jacks, power cord.

Available: 1536 and 1537 Photoelectric Pickoffs, 1531-P2
Flash Delay.

Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 25 W max
for 1531, 15 W max for 1538; 1538 can also be powered from
20 to 30 V dc, 12 W max, such as from 1538-P3 Battery and
Charger that provides up to 6 h of continuous, completely
portable operation and recharges in 14 h.

Mechanical: Flip-Tilt Case. DIMENSIONS (wxhxd): 10.63x
6.63x13 in. (270x168x156 mm); 1538 with -P4 is 3 in. (76
mm) higher. WEIGHT: 7.5 Ib (3.5 kg) net, 10 Ib (4.6 kg)
shipping; 1538-P4 is 5 Ib (2.3 kg) net, 7 Ib (3.2 kg) shipping.

New Since
Catalog U

Strobotac®
electronic
stroboscopes
1542-8, 1543 and 1544

Feature-packed, low-cost capability

• up to 3800 bright-white flashes per minute 
to observe motion as fast as 40,000 rpm

• Wide-range continuous flash-rate control

• Low-cost, excellent OEM strobes,
special versions available

• Simple pushbutton operation

• Compact, light-weight, rugged

o Federal stock numbers are listed before the Index.
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1531-AB Strobotac® electronic stroboscope
l1S-V Model 0 1531-9430
230-V Model 1531-9440

1538-A Strobotac® electronic stroboscope
l1S·V Model 1538-9701
230-V Model 1538-9702

Accessories for 1538-A Only
1538-P2 Extension Lamp, cannot be used when 1538-P4

is used 1538-9602
1538-P3 Battery and Charger 1538-9603
1538-P4 High Intensity-Flash Capacitor, increases

light output by approx 6 times 1538-9604
1531-P2 Flash Delay, for 1531 or 1538

115-V Model 1531-9602
230-V Model 1531-9605

1538-Pl Replacement Strobotron Flash Lamp, for 1531
or 1538 0 1538-9601

1560-P76 Patch Cord, connects one strobe to another
or to 1531-P2 Flash Delay 156G-9676

U.S. Patent Numbers 2,977,508 and 3,339,108.

Tailored for convenient operation These strobes were
designed specifically for inspection applications and fea
ture simple pushbutton control with a single knob to
control the flash rate - no range switching is ever nec
essary. These strobes include unique electronically com
pensated output for visually constant image brightness
(as the flash rate decreases, the light intensity increases).
All are housed in a tough plastic case that is designed
for comfortable hand-held operation and includes a
threaded hole for tripod mounting.
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All components are industrial grade and the engineer
ing is completely thorough, including exacting environ
mental testing to ensure reliable operation under extreme
conditions.

The 1542-8 - simple, economical The 1542-8 is as
easy to operate as an extension lamp but is considerably
more useful. Plug in the attached power cord, push the
On-Off button, point the light at the action, and turn one
knob until the visual image of the action slows to the de
sired rate or stops. That's the sum total of the operation
- plug, push, point, and turn!

The 1543 - triggerable In addition to the features of
the 1542-8, the 1543 includes provision for external trig
gering and line sync. The capability of the flash to be
triggered by an external contact closure is especially
valuable when the motion varies or is erratic and when
perfect synchronization is desired, such as with a camera
for high-speed photography. A special trigger circuit
automatically counts down when the input rate exceeds
the normal flash rate (giving you a flash for perhaps

every second or third trigger) thereby providing for a
sharp, flicker-free view. The line-sync mode allows the
internal oscillator to be synchronized to a submultiple of
the line frequency (3600, 1800, 1200, 900 fpm, etc).
This feature is valuable for studies of line-frequency
related motion, as an accurate time base for graphic
studies of acceleration and velocity, or for measurements
of motor slip speed in accordance with IEEE 112A and
114. .

The 1544 - delay triggerable The 1544 provides all
the features of the 1543. In addition, it can be externally
triggered by positive pulses and from a photoelectric pick
off, as well as contact closures, and its flash can be de
layed from the moment of an external trigger by any dura
tion from approximately 16 to 330 milliseconds. This de
lay feature is quite useful to vary the position of the
stopped image in order to observe different phases of
cyclic motion.
- Note: 220-volt versions of these strobes are manufactured in Europe.
- See GR Experimenter for OctoberI December 1970.

SPECIFICATIONS

1544: Line sync,
contact·closure,
photo·electric, and
delayed triggers

For printing, textile, photographic, educa
tional (mechanical engineering), mechani
cal design, and general-purpose inspection
applications

For photographic, educational (especially
the physics lab), and general-purpose in
spection and desIgn applications

1543: Line sync
and contact-closure
trigger

For education and general-purpose inspec
tion and design applications

1542-8: Simple,
most economical
NEW bright light

Flash Rate in flashes per minute (fpm):
180 to 3800, continuously adjustable over
a single range by a 5-turn uncalibrated
control.

180 to 3800, continuously adjustable over a single range by a lQ-turn control marked
in approximate flash rate. line-sync mode provides"" 0.1% accuracy (60-Hz line in
U.S.A.) by synchronizing 10 integer submUltiples of line frequency.

External Trigger:
None Contact closure (isolated from ground) Contact closure, positive signa I> 2 V peak,

applied to phone jack. or GR 1536 Photoelectric Pickoff.

Trigger Delay:
None None = 16 to 330 ms from application of exter

nal trigger; set by flash-rate control.

Light Output, Beam width 10· at 'h-intensity points for all units:
Duration* Energy» Beam Intensityt

at 180 fpm: 41ls 0.25 Ws 6 X 10' cd
at 3800 fpm: 3 IlS 0.06 Ws 1 X 10' cd

Duration> Energy**

41ls 0.75 Ws
61ls 0.2 Ws

Beam Intensityt

30 X 10' cd
4X 10' cd

* Measured at ¥3 of peak-intensity points.
*> Electrical input to lamp, walt-seconds.

t Measured with sil icon photo detector 1 meter from lamp, candela.

(wxhxd): 4.2x4.2x7.8 in. (107xl07x198 mm). WEIGHT: 1.8
Ib (0.8 kg) net, 2 Ib (0.9 kg) shipping. 1543 and 1544 DIMEN
SIONS (wxhxd): 4.2x6.19x7.8 in. (107x157x198 mm).
WEIGHT: 3.7 Ib (1.7 kg) net, 5 Ib (2.3 kg) shipping.

Environment: TEMPERATURE: 0 to 50°C operating, -40 to
+75°C storage. HUMIDITY: 95° RH at +40°C (MIL· E-16400
4.5.4.6). VIBRATION: 0.03 in. from 10 to 55 Hz. BENCH
HANDLING: 4 in. or 45° (MIL-810A-VI). SHOCK: 50 g, 11 ms
(MIL 202C-205C).
Power: 105 to 125 V, 50 to 60 Hz, 9 W max for 1542-8, 25 W
max for 1543 and 1544.
Mechanical: Molded plastic case with plastic face plate to pro
tect lamp, diffused-finish anodized-aluminum reflector, stan
dard 0.25-20 threaded hole for tripod mounting. 1543 and
1544 also include metal standI handle. 1542-8 DIMENSIONS

Description

1542·8 Strobotac@ electronic stroboscope
1543 Strobotac® electronic stroboscope
1544 Strobotac® electronic stroboscope
Replacement Flash Lamp:

For 1542-B, 1543, and 1544

Catalog
Number

1542·9701
1543-9700
1544·9700

1530-9410
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Stroboslave®
stroboscopic light source
Type 1539

• low cost, compact

• removable lamp on 5-foot cable

• high-intensity light

• choice of trigger sources

Slaved light The Stroboslave® stroboscopic light
source satisfies the basic requirements for motion stud
ies and high-speed photography - it produces a bright
white light at flash rates up to 25,000 per minute. Since
it contains no internal oscillator to establish the flash
rate, it is an economical unit and is well suited for use
with external inputs such as from the 1541 Multiflash
Generator.

The lamp and reflector assembly is held in place by a
clip from which it can be easily removed and positioned
separately from the main unit. A five-foot flexible cable
is supplied and cables up to 50 feet can be used. When

the reflector is removed from the assembly, the lamp can
be inserted through holes as small as one inch in diam
eter, thus making it possible to observe objects in other
wise inaccessible areas.

Delayed light - the 1539·Z The Stroboslave strobe
can be triggered by a contact closure or a two-volt posi
tive pulse. This capability has proved so useful when
used with the 1531-P2 Flash Delay and 1536 Photoelec
tric Pickoff that the Stroboslave is regularly available with
these two accessories as the 1539-Z Motion-Analysis and
Photography Set. The Flash Delay provides adjustable
delays from 100 /-IS to 800 ms from the time of the trigger
to the time of the flash, so you can make the flash occur
at precisely the desired moment.

SPECIFICATIONS
Flash Rate: 0 to 25,000 flashes per minute, eternally triggered
only.
light Output: Beam width is 10° at ¥2-intensity points.

Ouration* Energy** Beam Intensityt

* Measured at ¥3 of peak-intensity points.
** Electrical input to lamp, watt-seconds.
t Measured with silicon photo detector 1 meter from lamp: single

flash beam intensity is 18x1Q6 candela.

External Trigger: Contact closure or pulse of ;;: + 2 V pk ap
plied to phone jack.
Supplied: Phone plug for input jack, mounting bracket, at
tached power cord.
Available: 1536 Photoelectric Pickoff with 1531-P2 Flash Delay
(available as 1539-Z Motion Analysis and Photography Set),
1537 Photoelectric Pickoff.
Power: 100 to 125 or 195 to 250 V, 50 to 400 Hz, 16 W max.
Mechanical: Metal case with detachable lamp housing. DI
MENSIONS (wxhxd): 1539-A, 2.5x8.38x4.13 in. (64x213x105
mm). WEIGHT: 1539-A, 3 Ib (1.4 kg) net, 8 Ib (3.7 kg) ship
ping; 1539-Z, 6 Ib (2.8 kg) net, 17 Ib (8 kg) shipping.

3 ",s 0.5 Ws 11 X 10- cd
1.2 ",s 0.09 Ws 3.5 X 10- cd
0.8 ",s 0.014 Ws 0.6 X 10- cd

The lamp can be re
moved from its clamp at
end of case and hand
held up to 5 feet away.

A tripod socket is
provided on the
Stroboslav~case.

at 700 fpm
at 4200 fpm
at 25,000 fpm

Description

1539-A Stroboslave® stroboscopic light source
1539-Z Motion Analysis and Photography Set

115-V Model
230-V Model

1531-P4 Trigger Cable, for use with 1531 Strobotac
1538-Pl Strobotron Flash Lamp, replacement 0
U.S. Patent Number 2,977,508.

catalog
Number

1539·9701

1539-9900
1539-9901
1531-9604
1538-9601

o Federal stock numbers are listed before the Index.
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New Since
Catalog U

1541 Multiflash Generator
• a true flash-burst trigger generator
• increases effective flash rates of strobes to

100,000 per second
• accurately-calibrated flash delay and time-interval

source
• synchronizes strobes for still, cine, and

- high-speed movie applications.

A new dimension The 1541 is a simply operated ac
cessory that greatly expands the resolution, accuracy,
and versatility of many kinds of strobes for high-speed
still- or cine-camera photographic applications. A great
variety of shots, from single exposures to cine-graphic
sequences with several exposures per frame, can be

made with easej a wide-range delay control enables the
image to be set exactly to the required position.

Complete synchronization with the camera and the
device under observation is ensured under nearly any
circumstances. A highly flexible output arrangement
permits a wide latitude in the type and the number of
strobes used, their positions, and the timing of their
flashes.

For single-strobe use The input trigger from the sub
ject can be a contact opening or closure, a light-to-dark
or a dark-to-Iight transition sensed by a photocell, or a
±1-volt electrical pulse. The flash can be delayed by any
period from 10 millionths of a second to a tenth of a sec
ond after the instant of the trigger, so that it occurs ex
actly when you need it in relation to the motion.

Single- and multiple·strobe setup and one application - golfball-driving analysis.

GENERAL RADIO 1973 CATALOG STROBOSCOPES 281



with electronic counter. BURST ON INPUT: Each input trig
ger initiates a flash burst. BURST ON ARM AND INPUT: Only
one flash burst is produced by a trigger signal following an
input arming signal; input is armed by panel pushbutton or
external contact closure, such as a switch or shutter contact;
panel lamp indicates armed or unarmed condition. MOVIE:
One sequenced output pulse is produced for each input pulse;
the number of pulses in the sequence can be 2 to 16 as deter
mined by panel control.
Input Trigger for subject or event sync: Contact opening, con
tact closure, ±l-V pulse, or Iight-to-dark or dark-to-light transi
tion from 1536 Photoelectric Pickoff.
Output Trigger: +20 V behind 60 n. TO SI NGLE STROBE: 1 to
16 equally spaced pulses, switch selectable. TO SEPARATE
STROBES: 2 to 16 equally spaced pulses; set number by panel
control.
Flash Interval: RANGE: 100 ms to 10 P.s (10 to 100,000
flashes per second) in 4 overlapping decade ranges; provision
for addition of external capacitor to extend low-frequency
range. ACCURACY: ±3% of reading + 1 p.S.

Environment: TEMPERATURE: 0 to +50°C operating, -40 to
+75°C non-operating. HUMIDITY: 95% RH and +40°C..VI
BRATION: 0.03 in. from 10 to 55 Hz. BENCH HANDLING:
4 in. or 45° (MIL STD-810A-VI). SHOCK: 30, 11 ms.
Supplied: 154F9601 6-ft cable with phone plugs for connec
tion of output to strobe, 1531-0421 trigger cable with remote
arming switch, power cord.
Available: 1531, 1538, 1539, 1540 stroboscopes, 1536
Photoelectric Pickoff with built-in light source, 1192 counter.
Power: 100 to 125 and 200 to 250 V, 50 to 400 Hz, 10 W max.
Mechanical: Flip-Tilt case. DIMENSIONS (wxhxd): 14xl0x
6.69 in. (356x254x170 mm). WEIGHT: 11 Ib (5 kg) net,
15 Ib (7 kg) shipping.

An arming input from the camera can be used so that
each flash occurs only when both the camera shutter is
open and the subject is in the desired position. In addi
tion to a single flash from the strobe, a flash burst of any
number of flashes up to 16 can be initiated from the ap
plication of each trigger. The interval between flashes is
the same as the time delay and is accurate to within 3%
for precise measurements of speed, acceleration, and
event timing.

For multi-strobe use The 1541 will trigger as many
as 16 strobes in sequence, each flash being accurately
delayed from its predecessor. Such an arrangement can
provide you with exceptionally high flash rates, the high
est possible intensity per flash, and real flexibility in sub
ject illumination.

For example, when 16 strobes are used in rapid se
quence, the effective flash rate for a short interval can be
as high as 100,000 flashes per minute, each flash being
at the full single-flash intensity.

Another value in having several strobes flashing in
sequence is that they can be positioned along the path
of a moving object, each strobe where it can best illumi
nate the object at an assigned moment. The path may
be far too long for illumination by a single strobe. Also,
filters of different colors can be used with the several
strobes, enabling you to identify each portion of a colored
multi-flash photograph with a high degree of confidence.

- See GR Experimenter for July-September 1970.

SPECIFICATIONS
Modes: CONTINUOUS: Internal oscillator continuously runs
either single or multiple strobes at a rate set by panel controls;
provision made to extend low-frequency range by means of
external capacitor. CALIBRATE: Continuous calibration sig
nal of +20 V behind 60 n available at rear phone jack for use

FILM

Description

1541 Multiflash Generator
Cable assemblies to connect strobes to output:

3 ft with phone plugs
6 ft with phone plugs

Catalog
Number

1541·9701

1560-9676
1541·9601
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Strobe shadowgraph shows a .22 caliber bullet striking and being cut
in two by a steel wire - the supersonic Whip of the wire end is clearly
visible. Separation of the four images is achieved by flashing the
strobes at intervals of 40 microseconds.
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Strobe Accessories

Strobotac shown with Flash Delay
and Photoelectric Pickoff.

1531-P2 Flash Delay

tioned properly, the mode is set to Single Flash and the
flash will then occur only when the camera shutter is re
leased and the action is in the proper position. This mode
allows the brightest possi'ble flash and eliminates blur.

SPECIFICATIONS
Delay: 100 P.s to 800 ms in 3 ranges.
Input: 300 mV rms min applied to phone jack.
Output: +13-V pk pulse, sufficient to trigger 1531, 1538,
1539, 1540, and 1541; available at phone plug.
Supplied: Trigger cable with pushbutton, phone-plug adaptor,
carrying case.
Power: 105 to 125 or 210 to 250 V, 50 to 400 Hz, 5 W max
with 1536 connected.
Mechanical: Aluminum case with bracket that clips directly
to 1531, 1538, or 1539 stroboscope. DIMENSIONS (wxhxd):
5.13x3.13x3.75 in. (130x79x95 mm). WEIGHT: 2 Ib (l kg)
net, 5 Ib (2.3 kg) shipping.

• synchronizes and times flash

• stops motion at any point in cycle

• is easily synchronized with camera for single-flash
operation

• easily attached to 1531-AB, 1538-A, and 1539-A

Valuable asset The 1531-P2 is a valuable asset to
any stroboscopic or high-speed photographic application.
The Flash Delay synchronizes the strobe with rapidly
moving objects and controls the. flash, relative to the
position of the object, by introducing a variable time
delay in the electrical path between the trigger source
(transducer, contact, photocell, etc) and the strobe. In
stroboscopic applications this delay allows you to posi
tion the stopped motion to any point of interest in the
action. By the simple turn of a knob, you can reposition
the image to illustrate a dozen, or even a hundred, points
in order to analyze completely.all aspects of the motion.

For photographic records, a single-flash mode is pro
vided. Once the delay has been set so the image is posi-
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Description

1531-P2 Flash Delay
115-V Model
230·V Model

Catalog
Number

1531-9602
1531-9605
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Strobe Accessories (Cont'd)

SPECIFICATIONS

Speed: 10 to 2500 ftl min with small wheel; 50 to 12,500
ftl min with large wheel.
Mechanical: DIMENSIONS: Wheels, 0.764 and 1.910 in. dia;
shaft, 20 in. (533 mm) total length. WEIGHT: 0.5 Ib (0.3 kg)
net, 2 Ib (1 kg) shipping.

1531-P3 Surface-Speed Wheel
Surface-speed measurements simplified The 1531-P3

is used with the 1531, 1538, and 1540 (with 1540-P1
control unit) electronic stroboscopes to make accurate
measurements of the linear surface speed of belts, pul
leys, wheels, drums, rollers, etc. Two black nylon wheels
of different diameters are mounted on the ends of a
sectioned steel rod. The selected wheel is held against
the moving object and the stroboscope is adjusted until
the wheel's rotation appears stopped. The wheel's diam
eters are sized so the surface speed can be read directly
from the stroboscope dial.

Description

1531-P3 Surface-Speed Wheel

Catalog
Number

1531-9603

1536-A, 1537-A

INewl

1536 and 1537 Photoelectric Pickoffs

Since it lacks a built-in lamp, this pickoff must be used
with an external light source. The 1537-A pickoff's 8-ft
cable is terminated with a 2-wire telephone plug.

SPECIFICATIONS

Supplied: 10-ft roll of 0.38-in black tape, 10-ft roll of 0.38-in
silver tape, carrying case (supplied with 1536-A and 1537-A
only).
Mechanical: 1536-A and 1537-A: Mounted by C clamp (1.31-in.
capacity, flat or round) or 1.5-in. magnet; both supplied.
DIMENSIONS: Pickoff head, 0.69-in. dia x 2-in. long. Linkage
consists of two 0.31-in. dia stainless-steel rods, 6 and 6.25 in.
long, and adjustable connecting clamp. Cable is 8 ft (2.4 m)
long, terminated in 3-wire phone plug in 1536-A, a 2-wire
phone plug in 1537-A. WEIGHT: 1.3 Ib (0.6 kg) net, 4 Ib
(1.9 kg) shipping. 1536-0: Mounted by 0.75-in.-27 nut. DI
MENSIONS: 0.75-in. dia x 2.063 in. long (19 x 52 mm). Cable
is 15 ft (4.6 m) long, terminated in 3-wire phone plug.
WEIGHT: 0.4 Ib (0.2 kg) net, 2 Ib (1 kg) shipping.

• optical trigger sources

• small, sturdy mounting

• trigger rates to 150,000 rpm

Excellent trigger source These photoelectric pickoffs
produce an output whenever the photosensitive element
senses a change in light such as that produced by a piece
of reflective type on a moving object. The resultant pulses
can be used to trigger a stroboscope so the flashes occur
in synchronism with the motion, to permit the object to
be viewed or photographed as though stationary. They
can also be used to trigger oscilloscopes or electronic
counters.

The 1536-A Pickoff, in addition to its photocell, con
tains a light source that can be powered directly from the
1531-P2 Flash Delay, 1540-P4 Oscillator/Delay, 1541
Multiflash Generator, or 1544 StrobotaC® electronic
stroboscope. This pickoff's 8-ft cable is terminated with
a 3-wire telephone plug.

The 1536-0 pickoff is electronically identical to the
1536-A and can be used with the same equipment. They
differ only in mechanical details. The 1536-0 is de
signed to be permanently attached to a machine such as
a printing press, processing equipment, etc. It is con
tained in a 0.75-in.-27 threaded housing with an at
tached 15-foot cable terminated with a 3-wire telephone
plug.

The 1537-A pickoff will trigger the 1538, 1539, 1540
PI, 1540-P3, 1540-P4, or 1541 but not the 1531 strobes.

1536-A, 1536-0, with lamp

Rate =2500 pulses!s max; limited by
200-",s time constant of cable and
photocell.

Power 20 to 28 V dc, 40 mA; supplied by
1531-P2, 1540-P4, 1541, 1544.

Description

1536-A Photoelectric Pickoff, with lamp
1536-0 Photoelectric Pickoff, with lamp
1537-A Photoelectric Pickoff, no lamp

1537-A, no lamp

>2500 pulses!s

3 to 25 V dc, 0 to 100
",A depending on rate.

Catalog
Number

1536-9701
1536-9702
1537-9701
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VariaC'Q) automatic voltage regulators

Elementary schematic diagram of General Radio voltage regulators,

The regulators maintain an undistorted output that is
corrected to the limits of the correction range; i.e., if the
input to a 10% regulator varies 15%, the output will
vary only 5%.

Single-phase selection The proper regulator for your
application depends on your input-line characteristics
and the output characteristics desired from the regu
lator, GR regulators cover the following conditions:
INPUT Frequency: 50,60, or400 Hz.

Nominal Voltage: 115 or 120 (also 230 and 460) V.
Range of inputs, with regulation: 72 to 156 V.

OUTPUT Voltage: 90 to 130 V, adjustable
Current: 8.7- to 85-A ratings
The input range for most GR regulators is expressed

as a percentage of the output voltage (±5, ±1O, ±20, or
+24 -18%). For example, if the output is set to 100 V
on a regulator with a ±1O% range, the input can vary
from 90 to 110 V and the regulator will maintain a con
stant 100-V output. Under some conditions for three
phase systems, this range can be appreciably increased;
see below, under Three-Phase Selection, three-wire in
puts.

Output-current rating is a function of the input range
- the greater the range, the less the current capability.
(For a given voltage model, the input range can easily

REGULATED
OUTPUT

TWO-PHASE
MOTOR

BUCK-BOOST
TRANSFORMER

UNREGULATEO
INPUT

to Ii J1e-yoltage problems If your problem is
The answercant rol, computer errors, inaccurate instru

poor pr,ocess rhealed motors, cool heaters, or other as
mentation, ,ove t aberrations, an excellent solution is a
sorted ~~UI~.m~ riaC® automatic line-voltage regulator.
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illograms of line-voltage peaks show response speed of Variac0 automatic voltage regulators: left, 2% step
~nge in line voltage; center and right, resulting output transients for 1581 and 1582 Regulators, respectively.
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230-V nominal voltage
230-V nominal voltage
460-V nominal voltage

B"asic Regulator Required

~-------A'
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Oo-f---f---+-.....B'

V.
Input to

Regulator

208 V
230 to 240 V
460 to 480 V

A-r-.....-o,

c--+f--o

Vl
Line-to-Line

208 V
230 to 240 V
460 to 480 V

B~E--_B'

r-L~~~~---y- REGULATOR CONNECTIONS---Y-0C:~~~T,

A _....--_.....,---+=:=:::::;---i-- A
'

OPEN DELTA The input voltage to each regulator (VR,

A to B or B to C) is equal to the line-to-line voltage (VL),
i.e., VR = VL•

be changed in the field.) Thus a GR 1592 regulator rated
at 44 amperes for a ±10% range is rated at 20 amperes
for a ±20% range. Detailed information is included with
the descriptions of each GR regulator to allow you to
select the best regulator for your application. Additional
information or advice is readily available from any GR
sales office whenever you may need it. The Regulation
Ranges graph and examples on these pages are intended
to allow you to select the basic type of GR regulator you
may need and to acquaint you with some of the tech
niques involved in getting the most for your money.

Example 1 Your input is nominally 115 or 120 V, 60
Hz, and your load requires up to 5 A. For this, any basic
GR regulator is satisfactory. You specifically desire a
115-V output and you've determined your line voltage
varies from 95 to 130 V. This restricts your choice
slightly, since the GR 1591 will not regulate with an
input below 100 V.

Example 2 Suppose your requirements are similar
to example 1 except you've discovered the input may go
as low as 90 V. Under these circumstances, no GR regu
lator appears suitable. However, since your 115-V output
requirement is not critical (many devices operate prop
erly over a range of voltages, such as from 105 to
1.25 V), you decide an output of 110 V is adequate. It is
now apparent that any GR regulator, except the 1591, is
again suitable.

Example 3 In this case the initial conditions are the
same as example 2 except that the output voltage must
be e~actly 100 V. The 1592 is the only regulator that
will provide this outputj and the input range is 80 to
120 V.

230-V nominal voltage
230-V nominal voltage
460-V nominal voltage

Basic Regulator Required

208 V
230 to 240 V
460 to 480 V

Vl

Line-to-Line

208 V
230 to 240 V
460 to 480 V

CLOSED DELTA The input voltage to each regulator (VR,

A to B, B to C, or C to A) is equal to the line-to-Iine voltage
(VL)j i.e., VR = VL. The input range increases by slightly
over 50%. Thus, the input range increases to ±7.5,
±15, ±31, and +37 -28% from the normal ±5, ±1O,
±20, and +24 -18%, respectively.

V.
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Basic Regulator Required

115 or 120-V nominal voltage
115 or 120-V nominal voltage
230 or 240-V nominal voltage

r----+----.B'

o--tf------.... c'

120 V
133 V
266 V

V.
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Regulator

C --H--<l

Vl

Line-to-Line

208 V
230 to 240 V
460 to 480 V

NEUTRAL-.:i....~t===_=t===~_NEUTRAL

r-r:~~~ ----..-- REGULATOR CONNECTlONS---.-~,r:EUST--.
A-.---------,

WYE The input voltage to each regulator (VR, A, B, or C
to neutral) is equal to the line-te-line voltage (VL, A to S,
B to C, or C to A) divided by 1.73. This reduces the in
put voltage requirements to about 58% of that normally
required.

Information is shown for 115- and 120-V, 60-Hz models. For 230-V
models, multiply voltages and divide current ratings by 2 (for 460-V
models, by 4). The regulation range is slightly less for 400-Hz models
but is significantly greater in some three-phase applications. (See
Three-Phase Selection, three-wire inputs.) More detailed information,
particularly current ratings, is given with the descriptions of the indi
vidual regulators.

Three-phase selection All GR regulators can be used
in three-phase systems. The choice of the regulator used
and the number required depend on the number of input
lines (three- or four-wire) and the configuration used to
connect the regulators.

For three-wire inputs, the regulators can be connected
in either an open-delta or a closed-delta configuration.
In open delta, only two regulators are required and their
input range is the same as that for single-phase systems.
In closed delta, three regulators are required but their
input range is increased by slightl¥--ffil8r 50%. For four
wire inputs, three regulators are connected in a wye con
figuration and their input voltage requirements are re
duced to about 58% of that normally required.

The individual regulators are selected on' the same
basis as those used for single-phase systems, once the
nominal voltage has been determined.
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Variac® automatic voltage regulator
Type 1591

• capacity to 1 kVA

• 115-V models

• accuracy of ±O.2%

• low-cost, compact

• portable and rack models

The sma II size of the 1591
particularly suits it to
portable applications,

SPECIFICATIONS
Principal Characteristics

Low-cost regulation Electromechanical voltage regu
lators have always offered large power-handling capacity
with minimum bulk and cost. These advantages are now
available in a 1-kVA regulator, thanks to a special control
circuit. Still, as with the larger GR regulators, there is no
distortion added to the input waveform; average-voltage
and peak-voltage values are therefore constant, as rens
voltage is regulated, Accuracy is independent of line
frequency, load current variations, and power factor.

Output voltage is controlled by a servo-driven VariaC®
adjustable autotransformer so the regulator has the same
ability to handle 1000% transient overloads as the Variac.
The 1591 is mechanically rugged and has proved itself in
severe vibration and shock tests. Its typical temperature
coefficient of 75 ppm/oC is so small as to be negligible
under normal operating conditions.

- See GR Experimenter for October 1967.

Input Output
Variation' ~r Voltage' Current

kVA', Correction Rate"Description Type (range) Frequency (adjustable) Rating Regulation'

115 V 1591 100 to 130 V I 57 to 63 Hz 105 to 125 V 8.7 A 11 6c+1.5c/V ±0,2%

, Also see curve, Output voltage will remain within regulation with the specified input variation; e,g.: When the output is adjusted to 105 V,
it will remain there within ±0.2% (0.21 V) with inputs from 100 to 130 V,

" Correction rate is given in terms of c cycles of the power-line frequency,

Output Characteristics: POWER FACTOR: 0 to 1, leading or
lagging. RESPONSE: Rms. DISTORTION: None added.
REGULATION: Regulation accuracy applies for any combina
tion of line voltage or frequency, load current or power factor.
CONTROL: Front-panel screwdriver adjustment.

Catalog
Number

1591-9700
1591-9712

Description

Environment: TEMPERATURE: -20 to +40°C for portable
model, -20 to +52°C for rack model; operating. VIBRATION:
0.03 in. from 10 to 55 Hz. BENCH HANDLING: 4 in. or 45°
(MIL-8IOA-VI). SHOCK: 30 g, 11 ms.
Electrical: POWER: = 40 W no load, = 95 W full load.
Mechanical: Portable and rack models. DIMENSIONS (wxhxd):
Portable, 12.75x9.5x5.38 in. (324x241xI37 mm); rack, 19x
5.25x6.38 in. (483x133x162 mm). WEIGHT: Portable, 17 Ib
(8 kg) net, 25 Ib (12 kg) shipping; rack, 22 Ib (10 kg) net, 31
Ib (15 kg) shipping.

1591 VariaC® automatic voltage regUlators
115-V, 60 Hz

1591-A, Portable Model
1591-AR, Rack Model.60150'40'30110 120

INPUT·YQLTS
'0090

GR 1591
REGULATION RANGE

0

70 00
90

'20

100

130
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Variac®
automatic
voltage
regulator
Type 1592

(~ Q~III
•.. - ...• •

" "
..

120- to 480-volt, single or multi-phase systems and
bench, rack, or wall-mount installations. It is also a ver
satile test instrument; the output can be programmed
manually by means of front-panel pushbuttons, for any
sequence of three preset voltages, or remotely with in
finite resolution.

Since the 1592 is an electro-mechanical regulator, it
provides tight regulation accuracy without regard to line
frequency, load variations, or power factor. Its output
is controlled by a servo-driven Variac® adjustable auto
transformer with a long history of engineering refine
ments and an ability to handle 1000% transient over
loads. The control circuitry is ultra simple and excep
tionally reliable due to a unique concept introduced by
GR and field-proven (including severe shock and vibra
tion tests) for many years. This circuitry ·also allows the
output voltage to be remotely sensed and controlled.
- See GR Experimenter for Julyl September 1970.

mClpa aracteri tics:
InpAt Output

Variation* Frequency Voltage* Current Correction
Description (% of output) (Hz) (adjustable) Rating kVA Rate** Regulation*
120V ±10% ±10%*** 60t 90 to 130 V*** 44A 5.3 25 ms/V ±O.3%
120 V±20% ±20%*** 60t 90 to 130 V*** 20 A 2.4 13 ±0.5%
230/240 V±5% ±5%tt 50 to 60 180 to 260 vt t 42A 10. 50 ms/V ±0.25%
230/240V±1O% ±lO%tt 50 to 60 180 to 260 vtt 18 A 4.3 25 ±0.3%
2301 240V ±20% ±20%tt 50 to 60 180 to 260 V·; t - 8.5A 2. 13 ±0.5%

• capacity to 5.3 kVA

• 120-Vand 230/240-Vmodels

• accuracy to ±O.25%

• lowest-cost regulator per kVA

• remotely programmable

• universal cabinet

Economical performance Regardless of load or line
variations, the 1592 supplies the voltage necessary for
the proper operation and longevity of your equipment
any equipment from light bulbs to computers - because
the regulator adds no distortion and operates independ
entlyof power factor.

It is virtually unaffected by temperature, is very fast
responding, and is so efficiently engineered and built
that only two basic models handle all requirements for

SPECIFICATIONS
Pr" . I Ch

* Also see curve. Output voltage will remain within regulation with any specified input variation; e.g.: When the output of the 120-V ±1O%
model is adjusted to 90 V, it will remain within ±0.3% (0.27 V) of 90 V with inputs of :!:1O% of 90 V (81 to 99 V) .

.. Correction is slew speed at 60-Hz operation.
t Can be operated at 50 Hz if output is limited to 115 V.

*** Can be increased to 138 V (for use in 240-V, 3-phase, 4-wire systems) with 9 and 18% input variations, respectively.
tt Can be increased to 277 V (for use in 60-Hz, 480-V, 3-phase, 4-wire systems) with 5, 9, and 18% input variations, respectively.

Output Characteristics: POWER FACTOR: 0 to 1, leading or
lagging. RESPONSE: Rms. DISTORTION: None added. REGU
LATION: RegUlation accuracy applies for any combination of
line voltage or frequency, load current or power factor. CON
TROL: Output can be rapidly switched among 3 levels by
front-panel pushbuttons, each level independently adjustable
by front-panel screwdriver controls or, for remote-control ap
plications, by external resistors connected to rear by push-on
terminals; TTL programming of level change available. Volt
age can also be sensed remotely by 2 leads connected to rear
by push-on terminals; use these to ensure desired voltage
at the load and compensation for wiring IR drop. RANGE OF

1592·9700
1592-9701
1592-9702
1592·9703
1592-9704

Catalog
NumberDescription

1592 Variac<ll> automatic voltage regulator
120-V ±10% Model
120-V ±20% Model
2301 240-V ±5% Model
2301 240-V ±1O% Model
2301 240-V± 20% Model

TIL-Programmable Models, on request

OUTPUT LEVELS Vo, for specified regulation: See curves. Ex
amples: ±20% model, 90 <Vo < 130 V for input variation of
104 to 108 V; 100 <Yo <120 V for 96 to 120 V; ±5% model,
113 <Yo <117 V for 112-to-118 V input variation.
Meter: Front-panel pushbutton permits meter to read input
or output. RANGE: 80 to 160 V (160 to 320 V). ACCURACY:
±2% at nominal 120/240-V reading; tracking accuracy, ±5%.
Electrical: There are two basic models, 120-V and 230/240-V
input, whose only major differences are the meter and Variac
adjustable autotransformer. The various versions of each
model are achieved by internal wiring changes that can be
effected simply in the field if desired. POWER: = 45 W no
load, = 120 W full load.
Mechanical: Bench, rack, and wall mount (brackets, handles,
and hardware supplied for conversion). DIMENSIONS
(wxhxd): 17x5.25xll in. (432x133x279 mm). WEIGHT: 42
Ib (20 kg) net, 56 Ib (26 kg) shipping.

'60
320

100
300

140
280

130
260

110 120
220 240

INPUT-VOLTS

100
200

90
100

00
160

GRI592 V ,(V / , /REGULATION RANGES

1/ )' .11'-;.''';-7'' V.-'

/ 47L tK)~h' V
-' / :t2O... / ./

/ '/V '/ " /
V "/ / " V

/ ,.rV V .-' V
LL,-L~lL,-~V' /

180,90
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220,110

260,130

240.120
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Variac® automatic voltage regulator
Type 1571

• capacity to 5.8 kVA

• 115-V models

• accuracy to ±O.25%

• militarized

• rack models

Mil specifications The 1571 regulators are essentially
versions of the 1581 which are designed to meet the ap
propriate sections of military specifications MIL-E-4158B

SPECIFICATIONS
Principal Characteristics:

and MIL-E-16400C. These rugged models are particu·
larly useful where mechanical shock or vibration is en
countered. We offer models for nominal power-line fre
quencies of 400 Hz and others for 60 Hz (adaptable by
reconnection for either 60 Hz or 50-to-60 Hz). You have
a further choice of output current ratings and correction
ranges.

The regulator comprises a motor-driven VariaC® adjust
able autotransformer, an auxiliary step-down transformer
that multiplies the power rating of the autotransformer,
and a solid-state control unit that automatically positions
the autotransformer to hold the rms output voltage con
stant. The true proportional control system provides both
fast correction and smooth ~ontrol.

I
Input Output

Variation* Frequency Voltage* Current
Description Type (% of output) (Hz) (adjustable) Rating kVA Correction Rate** Regulation *

115 V ±10%, 60 Hz I1571-AL ±1O% 57 to 63t 103 to 127 50A 5.8 2.5 c + 1.5 c/V ±0.25%
115 V +24 -18%, 60 Hz 1571-AL2 +24-18% 57 to 63t 103 to 127 25A 2.9 2.5c+ 0.7 c/V ±0.5%
115 V ±10%, 400 Hz 1571-ALJ ±10% 350 to 450 103 to 127 50A 5.8 17.5 c + 10.5 c/V ±0.25%
115 V +24 -18%, 400 Hz 1571-AL2J +24-18% 350 to 450 103 to 127 25 A 2.9 17.5 c+ 4.9 c/V ±0.5%

* Also see curve. Output voltage will remain within regulation with the specified input variation; e.g.: When the output of the model in the
first row is adjusted to 103 V, it will remain there within ±0.25% (0.26 V) with inputs of 103 V ± 10% (93 to 113 V).

'* Correction rate is given in cycles of line frequency, c.
t Will operate from 48 to 63 Hz with internal wiring change that incidentally reduces variation by about 1/10, i.e., to ± 9%, and +19 -16%.

Output Characteristics: POWER FACTOR: 0 to I, leading or
lagging. RESPONSE:' Rms. DISTORTION: None added.
CONTROL: Front-panel screwdriver adjustment. REGULA-

Catalog
Number

1571-9831
1571·9898
1571-9551
1571-9556

Description

1571 Variac8 automatic voltage regulators
115-V Models

1571-AL. ±10%, 60 Hz 0
1571-AL2. +24 -18%,60 Hz 0
1571-AU. ±10%, 400 Hz
1571-AL2J. +24 -18%, 400 Hz

TION: Regulation accuracy applies for any combination of line
voltage or frequency, load current or power factor.
Environment: Appropriate sections of MIL-E-4158B and MIL
E-16400C. TEMPERATURE: -29 to +52°C operating, -54 to
+85°C storage.
Electrical: POWER: = 35 W no load, = 115 W full load..
Mechanical: Rack models. DIMENSIONS (wxhxd): 19x7x12
in. (483x178x305 mm). WEIGHT: 53 Ib (25 kg) net, 103 Ib
(47 kg) shipping.

'60"'0"0'30110 120
INPUT-VOLTS

'00908070

GR 1511 -4--
REGULATION RANGE
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V
, ,
4--±IO"l&.~

/ ,
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,
, , /

1/ ,, " V
i-- .. -- - -- -'

0

'00
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o Federal stock numbers are listed before the Index.
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tiona I control system provides both fast correction and
smooth control.

These regulators give you high accuracy with large
capacity for both laboratory and industrial installation.
They are especially useful for computers, measurement
systems, transmitter supplies, and critical industrial proc
esses.

A large variety of models provides you a choice of 115-,
230-, or 460-V operation on 50-, 60-, or 400-Hz lines with
loads up to 19.7 kVAi models are available for wall, rack,
or bench use. The units are described as single-phase
regulators but they can regulate three-phase lines. For
example, two regulators can be used in an open-delta
configuration and three can be used in wye or closed
delta configurations.

Variac® automatic voltage regulators
Types 1581 and 1582

High capacity, low cost The 1581 and 1582 all-solid
state regulators automatically compensate for ac line
voltage fluctuations to provide a reliable constant-voltage
source over a wide correction range. The true propor-

• capacity to 19.7 kVA

• 115-V, 230-V and 460-V models

• accuracy to ±O.25%

• highest-capacity GR regulators

• wall, bench, and rack models

SPECIFICATIONS
Principal Characteristics:

Input Outp~t

Variation* Frequency** Voltage* Current
Description Type (% of output) (Hz) (adjustable) Rating kVA Correction Ratet Regulation*

115 V ±1O%, 50 A 1581-AL ±1O% 57 to 63 103 to 127 V 50A 5.8 2.5 c + 1.5 c/V ±0.25%
115 V ±1O%. 85 A 1582-AL ±1O% 57 to 63 103 to 127 V 85 A 9.8 2.5 c + 3 c/v ±0.25%
115 V +24 -18%,25 A 1581·AL2 +24-18% 57 to 63 103 to 127 V 25 A 2.9 2.5 c + 0.7 c/V ±0.5%
115 V +24 ":"'18%, 42.5A 1582-AL2 +24-18% 57 to 63 103 to 127 V 42.5 A 4.9 2.5 c + 1.5 c/V ±0.5%
230 V ±5%, 40 A 1581-AH5 ±5% 57 to 63 206 to 254 V 40 A 9.2 2.5 c + 1.5 c/V ±0.25%
230 V ±5%, 85 A 1582-AH5 ±5% 57 to 63 206 to 254 V 85A 19.7 2.5c+3c/V ±0.25%
230 V ±1O%, 20 A 1581-AH ±1O% 57 to 63 206 to 254 V 20A 4.6 2.5 c + 0.7 c/V ±0.25%
230 V ±10%, 42.5 A 1582-AH ±1O% 57 to 63 206 to 254 V 42.5 A 9.8 2.5 c + 1.5 c/V ±0.25%
230 V +24 -18%, 10 A 1581-AH2 +24-18% 57 to 63 206 to 254 V 10 A 2.3 2.5 c + 0.4 c/V ±0.5%
230 V +24 -18%, 21.3 A 1582-AH2 +24-18% 57 to 63 206 to 254 V 21.3 A 4.9 2.5 c + 0.7 c/V ±0.5%
460 V ±5%, 34 A 1582-AK5 ±5% 57 to 63 412 to 508 V 34A 15.6 2.5 c + 1.5 c/V ±0.25%
460 V ±10%, 17 A 1582-AK ±1O% 57 to 63 412 to 508 V 17 A 7.8 2.5 c + 0.7 c/V ±0.25%
460 V +24 -18%, 8.5 A 1582-AK2 +24-18% 57 to 63 412 to 508 V 8.5A 3.9 2.5c+0.4c/V ±0.5%

• Also see' curve. Output voltage will remain within regulation with the specified input variation; e.g.: When the output of the model in
the first row is adjusted to 108 V, it will remain there within ±0.25% (0.27 V) with inputs of 108 V ± 10% (97 to 119 V).

t Correction rate is given in c cycles of the line frequency. With the 400·Hz option, correction time is about the same, so multiply the tab
ulated rate by 7.

** Will operate from 48 to 63 Hz with internal wiring change that incidentally reduces variation by about 1/10 (to 5%, 9%,+ 19 - 16%). With
400-Hz option, will operate from 350 to 450 Hz.
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Output Characteristics: POWER FACTOR: 0 to 1, leading or
lagging. RESPONSE: Rms. DISTORTION: None' added.
CONTROL: Front-panel screwdriver adjustment. REGULA
TION: Regulation accuracy applies for any combination of line
voltage or frequency, load current or power factor.
Environment: TEMPERATURE: -20 to +52°C operating; -54
to + 85°C storage.
Electrical: POWER: 1581:. '" 35 W no load, '" 115 W full load.
1582: '" 45 W no load, = 120 W full load.
Mechanical: Bench, rack, or wall mO\Jnt. 1581: DIMENSIONS:
19x7x10.5 in. (483x178x267 mm); for cabinet add 2 in .. (51
mm) to depth. WEIGHT: 42 Ib (19 kg) net, 92 Ib (42 kg)
shipping; for cabinet add 6 Ib (3 kg) to net and 12 Ib (6 kg)
to shipping. 1582: DIMENSIONS: 19x7x14.25 in. (483x178x .
362 mm); for cabinet add 2 in. (51 mm) to depth. WEIGHT:
61 Ib (28 kg) net, 110 Ib (50 kg) shipping; for cabinet add 15
Ib (7 kg) to net and 16 Ib (8 kg) to shipping.

GR 1581-1582 .1 .L
-~REGULATION RANGE

,
V Y j..4 .."to "?'"

,,
/ f~~,o%h

, / / ,, +24,-18% , ./

/ "V /
,

V,-
t-- £. -

Your choice of regulator enclosures: Top, without cabinet; left, wall
mountable cabinet; right, convertible to either bench or rack-mounted
use.

Catalog
Number

(Describe
exactly
as shown
at the
left.)

Description

Variac® automatic voltage regulators
(Unless options are specified, all come for
line' frequency 60 Hz, without cabinets)

115-V Models
1581-AL, ±10%, 50 A

. 1582-Al, ±10%, 85 A
1581-AL2, +24 -18%, 25 A
1582-AL2, +24 -18%, 42.5 A

230-V Models
1581·AH5, ±5%, 40 A
1582-AH5, ±5%, 85 A
1581-AH, ±10%, 20 A
1582-AH, ±10%, 42.5 A
1581-AH2, +24 -18%, 10 A
1582·AH2, +24 -18%,21.3 A

460-V Models
1582-AK5, ±5%, 34 A
1582-AK, ±1O%, 17 A
1582-AK2, +24 -18%,8.5 A

Select the follOWing options, as desired
OPI Bench Cabinet
OP2 Rack Cabinet
OP3 Wall Cabinet
OP4 400·Hz Line Frequency

160
320
6""

150
300
600

140
200
360

130
260
320

110 120
220 240
440 4S0
INPUT-VOLTS

100
200
400

90
100
360

00
160
320

180,90
360 70

140
200

260,130
320

220,110
440

240,120
400

200,100
400

Variac ® automatic
voltage regulators
Type 1585

• 1% output accuracy

• high power - up to 300 kVA 3-phase

• distortion-free regulation

• any load power factor

• transient overloads up to 1000%

The 1585 series of automatic voltage regulators, de
scribed only briefly here, is particularly appropriate for
customers in Europe, or those who can readily import
from Europe. These regulators, like the 1581 and 1582
models, for example, feature the efficiency and voltage
waveform preservation of transformer coupling from the
power line to your load, with the turns ratio continuously
and automatically adjusted to maintain the constant rms
terminal voltage you select.

A large number of standard versions are readily avail
able; specials also upon request. Standard features
include single- or three-phase networks, standard power
line voltages and frequencies, mountings (presentation)
of three kinds·- portable, rack-or-bench, and housed
in a stackable metal cabinet. Models are available with
voltmeters.

- Note: This product is manufactured only in Europe.

SPECIFICATIONS
.- for standard versions:
Power: Up to 300 kVA (3-phase).
Frequency: 48 to 63 Hz.
Output Voltage: Adjustable over a range of ±10% from a
nominal 127 or 220 V, single phase, set by a front-panel
screwdriver control. RESPONSE: Rms. DISTORTION: None
added by the regulator.
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Variac® Adjustable Autotransformer

What Is a Variac?
The Variac® autotransformer is an efficient, trouble

free device for controlling ac voltage and any other quan
tities that derive from ac voltage: heat output, light in
tensity, motor speed, and the outputs of various power
suppl-ies. The name Variac comes from the unit's func
tion - "vary ac" - and is General Radio's registered
name for its continuously adjustable autotransformer.

Unlike most transformers, the Variac has a transforma
tion ratio that can be smoothly and continuously changed
so the output of the unit can be controlled from zero to
line voltage.or even higher. BecaLlse it is a transformer,
the Variac is
• efficient transforms power more efficiently than rheo-

stats
• durable because it runs cool
• overload-able withstands 1000% short-term overloads
• independent of load size or power factor voltage to the

load changes little from full load to none

• quiet adds no noise or distortion to the line
• reliable exclusive Duratrak® contact surface prevents

injurious high-temperature oxidation and resultant
brush-track deterioration

In addition, the Variac is
• easy to install. All mounting hardware is included;

wiring diagram is on the terminal plate; conduit
knockouts are included on all enclosed models.

• available in hundreds of standard versions to satisfy line
frequency, voltage, and phase requirements, load
size, mounting demands (including portable and
metered models). They can be supplied with motor
drives, ball bearings, and in ganged assemblies to
increase basic line-voltage and load-current ratings.

• assured safe by Underwriters' Laboratory listing and
Canadian Standards approval of many models

• available in militarized models specifically designed
for 400-Hz operation

Typical Applications for VariaC® autotransformers
Type of load Function Controlled

bearings, provide for 360° mechanical rotation, add one
or more independently controlled brushes, treat the units
with fungicide or otherwise prepare them for use in ab
normal environments.

Applications
In most applications, a full turn of the Variac control

shaft (320°) varies the output voltage, applied to the load,
from zero to line voltage or 17% above if connected for
"overvoltage" operation. Thus, the light or heat output or
speed or torque of the load is varied from zero to rated or
above. Some typical applications are shown below.

Voltage doubling If the available line voltage is only
about half that required by the load, the Variac can double
the voltage while providing full control of the output.
Units designated by an "H" (W20H) are supplied with an
input connection for this use; output current rating of the
transformer is one-half its normal value in this case. On
special order, similar connections for other multiplying
ratios can be supplied.

Other applications The Variac autotransformer can
also be used as a phase-shifter in three-phase circuits, as
a color-temperature control, for calibrating voltmeters,
ammeters, and wattmeters, and in many unique applica
tions. It is the basis of a wide line of General Radio auto
matic line-voltage regulators· and can be used in many
similar custom applications.

Special models General Radio welcomes inquiries con
cerning special models. We can, for example, modify
taps, include limit switches, change shaft length, add ball
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Incandescent lamps
Fluorescent lamps (both

hot- and cold-cathode
types)

Heating Devices (resistive
heaters and infra-red lamps)

Motors
AC Motors

Universal
Series
Repulsion
Two-phase
Shaded-pole
Split-phase induction
Capacitor split phase

DC Motors

Rectifiers
Electroplating
Power and plate circuits

Solenoids
Test Loads

Brilliance and color temperature
Brilliance (special circuitry
required for best results)

Temperature

Use only on fan loads, or where
torque is proportional to speed

Use with rectifier for motor-speed
control

Current
Voltage
Force
High and low line-voltage testing,
breakdown tests
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How to Select a Variac
The VariaC® adjustable autotransformers are grouped

by line frequency, voltage, and phase, with brief specifica
tions for each model. * Within each group, the units are
listed in order of increasing load rating that can be ex
pressed in either current (amperes) or power (kVA). To
make the selection you must know the line and load char
acteristics for your application. A brief look at these
quantities may help.

Line frequency Most Variac models in the "W" series
are designated for 50-to-60 Hz operation ("L" models are
for 60 Hz only). Some "W" models can be used, without
being derated, up to at least 400 Hz, but the regulation
will be greater than normal and the physical size and
weight larger than necessary. Therefore, we offer the
"M" series Variac that is designed for operation from 350
to 1200 Hz. The M-series units are smaller and have
better regulation at the higher frequencies. When series
connected or when ordered specially, these units will also
operate from 240-V lines.

Phase Variac models are available for both single- and
three-phase operation. In general, three-phase ratings
are governed by the ratings of each individual transformer
in the assembly. That is, the voltage applied to, or the
current drawn from, each individual unit must not exceed
that specified for its single-phase uses. Thus, the consid
erations discussed below for single-phase applications
apply separately to each unit in a three-phase assembly.
A more detailed discussion on three-phase ratings and
how to calculate them is given later in this section.

Line voltage Single-phase lines are normally either
120-volt or 240-volt, and GR Variac models come in two
basic families to match. Should your line voltage be less
than nominal, a unit rated for the nominal value will
operate perfectly with no derating in current. Line voltage
up to 17% above the nominal can be applied if overvoltage
output is not required. For example, up to 140 volts line
voltage can be applied to nominal 120-volt models if the
maximum output voltage required is no more than the
line voltage applied.

For single-phase line voltages from 480 to 560 volts,
two Variac units rated for 240-V operation must be used
with their coils connected in series across the line and the
load connected one side to each of the Variac outputs.
For such use, the load cannot be grounded at any point.

Load rating The load capacity of GR Variac autotrans
formers is specified in three ways: maximum current,
rated current in amperes, and power in kVA (kilovolt
amperes). Although closely related, they are different and
the differences are important to the proper selection of
your Variac.

An autotransformer cannot supply as much current at
midrange settings as it can'at full-voltage setting without
overheating. Yet some nonlinear loads, incandescent
lights for example, may draw nearly as much current at

* Models made in Europe are not described here.
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half voltage as they do at rated voltage, while other (lin
ear) loads will draw current proportional to the applied
voltage. As a general rule, if the load is nonlinear, or if the
overvoltage connection is used to apply more than line
voltage to the load, a Variac should be chosen that has a
Rated Current adequate for the load. Otherwise, the
larger Maximum Current is the load-rating limit. Special
applications may permit higher current to be drawn; for
a more complete discussion of ratings, see "Get More
Out of Your Variac," later in this section.

The Variac power rating in kVA is given as a conveni
ence in matching the right Variac to the load. It is the
product of the rated line voltage and the maximum cur
rent rating of the Variac. There is a risk of misinterpret
ing it and exceeding the limits mentioned above; the kVA
rating can be used only if the load is linear and the over
voltage connection is not used. Otherwise, load current
must be determined and a Variac selected that has ade
quate rating.

Power ratings in kVA are given for three-phase Variac
applications and must be interpreted as described above.

Trade-offs While some trade-offs, like those mentioned
above, are included in the selection tables, there are
others you may wish to consider. The load-current ca
pacity of the Variac is limited by temperature and life.
Specified ratings assume a maximum ambient tempera
ture of 50·C and a minimum life span of 7 years. If the
expected ambient is lower or forced cooling is possible,
the autotransformer can be uprated without affecting life.
Also, if a shortened life is not a problem in your applica
tion, a further uprating can be realized.

Finally, if the load is expected to be switched on and off
regularly (as with a thermostatically-controlled heater),
the Variac can be uprated. In general, if the time for an
on-off cycle is 2 hours or less and the off time is 10% or
more of the total cycle time, some significant improve
ment in rating can be realized.

Calculations and curves for duty-cycle and temperature
are given in detail later in this section.

Selecting the proper Variac Autotransformer Knowl
edge of the line frequency, voltage, and phase of your
application will lead you to one of several tables that fol
low. The considerations above will have helped you deter
mine the current or power that the Variac must be capable
of handling. Now, merely scan down the left columns
in the table ("Rated Current," "Maximum Current," or
"kVA") until you find an entry that equals or exceeds the
value determined by your load. It may be rewarding to
consider several models, including those with slightly
higher ratings than necessary; as there is the possibility
of saving money, space, or both. Some models (desig
nated "L" as in W5L) offer higher ratings per dollar and
have only. the minor restrictions of 60-Hz operation only
and no overvoltage connection.

Parallel connections In some instances, the selection
tables will indicate that the ganged assembly you have
chosen requires parallel conneGtion of the individual
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Type Number Terminology
In their various combinations, type numbers for Vari

ac autotransformers consist of letters and numerals
that indicate exactly what elements are included in each
assembly. The following examples show the various
combinations:

M 350-to-1200 Hz operation
W 50-to-60 Hz operation
W5 Model size, 120 V input
W5H 240-V input
W5L 60-Hz only, no overvoltage
W5HG2 2-gangW5H (substitute3for3-gang, etc)
W5HG2BB Adds ball bearings
W5HG2BBM Adds complete enclosure
W5HG2D4CK 0 indicates motor drive; 2, 4, 8, 16, 32,

64, or 128 following 0 indicates number of sec
onds for full traverse. C indicates phase-splitter
capacitor and K indicates limit switches. Omit
BB from motor-drive type numbers since motor
driven units are always equipped with ball bear
ings.

units. Reference is made to a Type W50-P1 Choke, which
must be used between the output connections of the
individual units in the assembly to prevent one unit from
forcing current into another, possibly causing excessive
temperature and early failure. One choke is needed if
two units are to be paralleled; three or more parallel units
require one choke for each Variac. The chokes are not
included with the ganged assembly and must be ordered
separately (except for 9- and 12-gang W50 and W50H
units which are shipped prewired with chokes).

How to order When you have chosen the right Variac
autotransformer from the selection tables, record the 8
digit catalog number and type number. Your order should
include this information and a complete description of
the unit. This permits us to cross-check your order and
catch any typographic errors.

Note that there are no 8-digit numbers given for motor
driven or ball-bearing models; ordering should be done
by a constructed type number (see below) and full de
scription.

Models shown in the following lists may be ordered
from GR at Concord, Massachusetts or your appropriate
Regional Center or sales representative; refer to the front
of the catalog. Of course, any of these offices will gladly
assist you in selecting a standard Variac autotransformer
or considering a special design to match your exact needs.

Made in Europe Many customers will undoubtedly
want to obtain catalog information on the Variac product
line made in Europe. Please direct your inquiries to
General Radio (Overseas); the address is given in the
front of the catalog.

W5MT
W5MT3
W5MT3VM
W5MT3A
W5MT3W
W5MT3AW

Portable units with 2-wire line cord
With 3-wire line cord
With voltmeter
With voltmeter and ammeter
With voltmeter and wattmeter
With voltmeter, ammeter and wattmeter

Variac® adjustable autotransformer- U2

• lowest cost 2-A unit available

• highest voltage output- up to 140 V

• oversize brush and cooler operation assure
extended life

• easily replaced shaft for special applications

SPECIFICATIONS
Input: 120 V, 60 to 400 Hz.
Output:

a to 120 v: 2 A rated 3 A max
a to 140 v: 2 A rated 2.25 A max

Mechanical: Single-hole mounting of 0.375 in. (10 mm) for
shaft plus 0.1875-in. (5-mm) hole for anti-rotation stop, max
panel thickness O.25-in. (6 mm). DIMENSIONS (wxhxdepth
behind panel) 3.25x3.69x2.94 in. (83x94x75 mm). WEIGHT:
2.5 Ib (1.2 kg) net, 3 Ib (1.4 kg) shipping.

INewl
Low-cost versatility The U2, a new low-cost adjustable

autotransformer from GR, features simplified mounting
for a variety of low-current control applications. It can be
used with any input up to 120 volts, 60 to 400 Hz, and
provides a full 140-volt output with a 120-volt input.

A single nut secures the autotransformer to any panel
up to %-inch thick. The unit's small size allows it to be
used on densely packed front-panel configurations - the
U2 is a natural for low-current applications in almost any
situation.

Description

U2 Variac® adjustable autotransformer

Catalog
Number

3200-5110
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General Specifications
Ball Bearings Ball bearings at both ends of the shaft are
offered for all units. They are useful where rTKlre precise
alignment, more constant torque, and longer life are required.
Ball bearings are standard on all motor-driven VariaC® auto
transformers, and on all 4- to 12-gang types W30, W30H,
W50, and W50H manually-operated models.
Connections, Output "Line-voltage connection" refers to the
connection of the Variac autotransformer for an output-voltage
range of zero to line voltage. "Overvoltage connection" refers
to the input-voltage connection for a range of output voltage
from 0 to 117% of line voltage.

LINE VOLTAGE~
OVERVOLTAGE I

3 LOAD

COMMON 4 COMMON

Current, Maximum Maximum current can be drawn at maxi
mum voltage only when the line-voltage connection is used.
Current, Rated This current can be drawn at any dial setting,
independent of overvoltage or line-voltage connection.
Dial Dial plates for single units are reversible. They read 0
to 120 volts output on one side and 0 to 140 volts on the other.
H models have similar scale readings of 0 to 240 and 0 to 280.
Dial plates are calibrated for mounting on a panel or on the
front of a case; output voltage increases with clockwise rota
tion of the knob. All ganged assemblies are supplied with
dials calibrated on one side only, reading 0 to 10.
Frequency, Line W-series units are specified for 50-to-60 Hz
service except for the L types which are for 60-Hz service only.

However, both of these units can be operated at rated values
at line frequencies to 400 Hz. For 350-to-1200 Hz service the
M-series units are preferred. Models intended for 240-volt,
60-Hz service can be used at 25 Hz at their normal current
rating but at one-half th.eir 60-Hz voltage rating.
kVA Ratings The kVA rating is the maximum load current
multiplied by the nominal input line voltage.
Resolution Variac resolution is virtually infinite as the resis
tive brush always spans 2 or more turns of the autotransformer
winding.
Motor-Driven Units All Variac autotransformers, both single
and ganged units, can be furnished with motor drive.
Mounting Hardware All models are supplied with the neces
sary mounting hardware.
Special Designs We welcome requests for modifications of
any model. These include different Windings, shifting taps,
different shafts, or basic new designs to furnish output volt
ages or voltage ranges differing from standard models. On
special order, all W-series Variac autotransformers can be
manufactured to conform to military requirements that are
standard with the M-series units.
Temperature Rise Ratings are based upon operation at am
bient temperatures of up to 50·C. When the ambient tem
perature exceeds this figure, current ratings should be de
creased (see Figure 2).
Terminals All models have combined soldering and screw
type terminals with the exception of the types W30 and W50
which are equipped with clamping terminals. Models for
120-volt lines have five terminals for either 120- or 140-volt
maximum output connections: 240-volt units have two extra
terminals to provide for either 120- or 240-volt input for
280-volt output.

90 De9 c
19' De9 F

80
176

50 60 70
122 140 158

AMBIENT TEMPERATURE

40
'04

30
86

""" "'-i'...

~

D
~

0 '"
0

'\
\

0

\
0

\
o

'0

'00

'"~70....
<t
0:6

-'

":'5
0:
oz.
$

80

90

Figure 1. Short-time overload characteristic of Variac autotransformers
with line-voltage connection.

Figure 2. Variac autotransformer derating versus ambient temperature.
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General Specifications (Cont'd)

Paralleling Choke, W50·Pl Many of the Variac autotransform
ers listed on the following pages are indicated to require one
or more Type W50-P1 Chokes (catalog number 3150-5016).
This unit is used when two or more autotransformer outputs
are to be connected in parallel; it impedes the flow of poten
tially destructive-circulating currents. Instructions for proper
interconnecting are included with each unit.

ternal overload protection to the output of the variac, that is,
between the brush and the load.

To benefit fully from the short-term overload characteristic,
the overload capacity must not be unduly limited by the pro
tective device. Since quick-blow fuses cannot withstand
surges, their use is discouraged except for loads not subject
to inrush. Slow-blow fuses are better; time-current integrating
circuit breakers are better still. Thermal breakers are to be
preferred, since they automatically derate with increasing am
bient temperature. They most nearly conform to the require
ments shown in Figure 2. This type of protector is standard
in the Type MT (portable, cased) models of the W-series Variac
autotransformers.
Regulation Regulation is defined as the change in output
voltage from no load to full load current (varying load resist
ance), with constant input voltage, and is expressed as a
percentage of line voltage.

In an autotransformer, regulation varies with dial setting,
largely because of IR drop in the winding, and is minimum at
transformation ratios of zero and one. Note that, at zero and
line-voltage settings, tHere is some slight regulation attribu
table to the resistance of the brush. Regulation is also due in
part to leakage reactance caused by stray flux that does not
link all the turns. While this is a minor factor at low frequen
cies, it becomes dominant at some 'higher frequency and ac
tually imposes an upper-frequency limit on the operation of
the autotransformer. This limit depends on the .Ioad con
ditions.
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Military Environmental Specifications Most Variac autotrans
formers have been tested and do meet some or all of the fol
lowing Military Specifications: MIL-STD-202, MIL-STD-81O,
MIL-STD-167, MIL-E-4158, MIL-E-4970, MIL-E-5272, MIL-E
5400, MIL-E-16400, MIL-R-23098, MIL-S-901C, MIL-T-945,
and MIL,T-5422. "Certification of Compliance" can be fur
nished at no charge for units tested. Copies of the test data
are also available for a small fee. For further information on
environmental tests, please contact your local GR District
Office.
Overload Protection Today's improved core materials per
mit the use of higher flux densities than were fOrmerly prac
tical. Under certain conditions of core magnetization and
line-voltage phase, an inrush transient or surge having an in
itial value up to ten times the rated current of the unit may
occur. This does no harm except to ordinary "quick-blow"
fuses. For this reason, time-current integrating circuit break
ers or "slow-blow" fuses are recommended for primary pro
tection. They will hold during transients but will protect
against sustained and potentially damaging overloads. Such a
protective device on the input side of the Variac should be
capable of handling a 1000% overload for the duration of Qne
cycle of the power-line fre"quency.

Overload protection for variable-ratio transformers differs
from that used with fixed-ratio transformers, where safe pri
mary and secondary currents are determined by the ratio of
secondary to primary turns. For example, in a fixed-ratio trans
former having 100 primary turns and 20 secondary turns, if
the safe secondary current is 10 amperes, the safe primary
current will be 2 amperes. Equal protection will be provided
by a 10-ampere secondary fuse or a 2-ampere primary fuse.

This is not true with Variac autotransformers. As the brush
traverses the winding, the transformation ratio continually
changes. Under the conditions of a varying transformation
ratio, primary protection is of little or no value, but output pro
tection is all important; it is the output current that must be
held within safe limits. For this reason a Variac autotrans
former should be protected by a fuse or circuit breaker in
the brush lead, where the load is normally connected.

The nature of the protective devices selected should be
partially determined by the service requirements. Variac
autotransformers have an inherently high short-time overload
capacity because temperature is dependent upon time for a
given rise. They can safely absorb relatively infrequent short
time overloads (due to motor starting or lamp inrush) without
being derated. .

The upper curve in Figure 1 applies to units without built-in
fuse protection. Models' with built-in protection in the brush
arm (models W5L, W20H, W30, W30H, W50, and W50H) have
overload characteristics corresponding to the shaded area on
the curve. The fuse is purposely made inaccessible to guard
against careless replacement with fuses of wrong value. Its
basic purpose is to provide thermal protection to the auto

.transformer, and it is not intended to serve as the sole protec
tive device for the unit. It is essential that the user add ex-
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W5G3M
(3-Gang)

W5M
(Enclosed)

U2

Single-phase, 120-volt input, 50-60 Hz

Output Description
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~~E xB-~c :J ocr03 Catalog .... n_
ro~E (O::Jom 0 "'Q)- Q).o :c-a::u..: =<u..: kVA :;'o>lr Type :;, Notes ~a::(ij Number z_ Ul~ W H D

2.0 3.0 0-140 U2 ~ Open 3200-5110 2.5 3 3y' 3'K. 2'~.

2.0 2.6 0.31 0·140 W2M ~ End 3010-5111 4 9 4Ye 5'<. 4%t
2.4 3.1 0.37 0-140 W2 ~ Open 3010·5110 3 4 3y' 3'K. 3'~.t

5.0 6.5 0.78 0-140 W5M ~ End 3030·5111 7 13 4% 6'<. 4%*t
6.0 7.8 0.94 0-140 W5 ~ Open 3030-5110 6 8 4X 4'~. 3'~.*t

7.1 9.2 1.1 0-120 W5LM ~ End 60 Hz only 3050-5111 7 13 4Ys 6'<. 4%
8.5 11.0 1.32 0-120 W5L ~ Open 60 Hzonly 3050-5110 7 8 4X 4'~. 41}f6*

8.5 11.0 1.32 0·140 W8 ~ Open 3038-5110 8 9 4X 4'~. 4K.
10.0 13.0 1.56 0·120 W8L ~ Open 60 Hz only 3058·5110 8 12 4X 4'~. 4K.
10.0 13.0 1.56 0-140 WI0 ~ Open 3060·5110 12 13 5% ~. 3'~.*t

10.0 13.0 1.56 0-140 WI0M ~ Enel 3060·5111 15 17 6% 91h 5Y.*t
14.2 18.4 2.2 0-120 W5LG2M End 60 Hz only 1 3050·5121 15 23 5Ye 6% 8Ye
17.0 22.0 2.6 0·120 W5LG2 Open 60 Hz only 1 3050-5120 14 16 4X 4'~. 8
17.0 22.0 2.6 0·140 W8G2 Open 1 3038-5120 16 19 4X 4'~. ~.

20.0 26.0 3.12 0-140 W20 ~ Open 3090-5110 21 24 7X 8K. 4%*t
20.0 26.0 3.12 0-140 W20M ~ Enel 3090·5111 24 29. 8% 11'~. 5%t
20.0 26.0 3.1 0-120 W8LG2 Open 60 Hz only 1 3058-5120 17 19 4X 4'~. ~.

21.3 27.6 3.3 0-120 W5LG3M End 60 Hz only 3 3050-5131 22 32 5Ye 6% 12y'
25.5 33.0 4.0 0-120 W5LG3 ~ Open 60 Hz only 3 3050-5130 20 22 4X 4'~. 12Ye
25.5 33.0 4.0 0-140 W8G3 ~ Open 3 3038-5130 25 27 4X 4'~. 13'~.

28.0 32.0 3.84 0·140 W30M Enel 3120-5111 37 47 11 14% 5%
30.0 36.0 4.32 0-140 W30 ~ Open 3120-5110 30 38 10 11'K. 4Ye
30.0 39.0 4.7 0-120 W8LG3 Open 60 Hz only 3 3058·5130 25 27 4X 4'~. 13'~.

40.0 52.0 6.2 0-140 W20G2M End 1 3090-5121 48 56 9 12K. 9%
40.0 52.0 6.2 0-140 W2OG2 Open 1 3090·5120 43 48 7X 8K. 9K.
40.0 45.0 5.40 0-140 W50M ~ Enel 3150-5111 57 74 13K. 16Ys 7Y.*t
50.0 50.0 6.00 0-140 WSO ~ Open 3150·5110 50 57 12X 13% 6Y.*t
56.0 64.0 7.7 0-140 W30G2M End 1 3120·5121 67 90 11% 14'~. 10K.
60.0 72.0 8.6 0·140 W30G2 Open 1 3120·5120 61 80 10 11'K. 9Ys
60.0 78.0 9.4 0-140 W20G3M End 3 3090-5131 71 82 9 12K. 13'~.

60.0 78.0 9.4 0-140 W20G3 ~ Open 3 3090-5130 65 71 7X 8K. 13%
80.0 90.0 10.8 0-140 W50G2M End 1 3150·5121 123 160 13'K. 17K. 14'K.
84.0 96.0 11.5 0-140 W30G3M Enel 3 3120-5131 99 125 11% 14'~. 14'K.
90.0 108.0 13.0 0-140 W30G3 Open 3 3120-5130 93 113 10 11'K. 20Ys

100.0 100.0 12.0 0-140 W50G2 ~ Open 1 3150·5120 112 147 .12X 13% 14%
120.0 135.0 16.2 0-140 W50G3M Enel 3 3150-5131 179 221 13'K. 17K. 21K.
150.0 150.0 18.0 0·140 W50G3 Open 3 3150·5130 163 206 12X 13% 20Ys
160.0 180.0 21.6 0-140 W5OG4BBM Enel 4 3150-5241 240 313 13'K. 17K. 27K.
200.0 200.0 24.0 0-140 W5OG4BB Open 4 3150-5240 215 288 12X 13% 27y'
240.0 270.0 32.4 0-140 W50G6BBM End 6 3150-5261 355 430 13'K. 17K. 40K.
300.0 300.0 36.0 0·140 W50G6BB Open 6 3150-5260 325 400 12¥2 13% 40

* Listed under Re-examination Service of the Underwriters' Laboratory. t Approved by the Canadian Standards Association.

~ Feaeral stock numbers are listed before the Index.
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W8G2
(2-Gang)

W20M
(Enclosed)

W50
(Open)

Single-phase, 240-volt input, 50-60 Hz
Output Description
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"5 ~Q)
£ ~.E~ '0; c Outline

c~ c~
UQ)Q) Q)Q) C G-u o 3: "a..D Dimensions (inches)
Q)~o. x:::c. xB-~~ :> gg~ Catalog 0.-
tV~E "':>E ro~oro 0 0>.0 :.c .....
a::()<l: ~()<l: .kVA ~o>a:: Type ::;; Connection 3: a:: iii Number z_ (/)3: W H D

2.0 2.6 0.62 0-280 W5H ~ Open 3040-5110 6 8 4)1, 4'~. 3'~,t

2.0 2.6 0·62 0-280 W5HM ~ Enel 3040-5111 7 13 4Ya 6J{, 4Yat
2.4 3.1 0.74 0-280 W2G2 ~ Open Series 3010-5120 7 9 3Yo 3'M, 7'~.

4.0 5.2 1.25 0-280 WI0H ~ Open 3070-5110 11 12 5% 6X. 4'M.t
4.0 5.2 1.25 0-280 WI0HM ~ Enel 3070-5111 14 17 6% 9)1, 5Yot
5.0 6.5 1.56 0-280 W5G2M Encl Series 3030-5121 15 23 5Ye 6% 8Ye
6.0 7.8 1.87 0-280 W5G2 ~ Open Series 3030-5120 14 15 4)1, 4'~, 8
8.0 10.4 2.50 0-280 W20H ~ Open 3100-5110 20 23 7)1, 8M. 4%*t
8.0 10.4 2.50 0-280 W20HM ~ Encl 3100-5111 23 28 8Ye 11'~. 5Ya °t
8.5 11.0 2.64 0-280 W8G2 Open Series 3038-5120 16 19 4)1, 4'~. 9X.

10.0 13.0 3.12- 0-240 W8LG2 Open Series 60 Hz only 3058-5120 17 19 4)1, 4'~. 9X.
10.0 13.0 3.12 0-280 WI0G2 Open Series 3060-5120 25 27 5% 6~. 9X.
10.0 13.0 3.12 0-280 WI0G2M Enel Series 3060-5121 29 34 7Ye 9'M. 9)1,
12.0 15.6 3.74 0-280 W30H Open 3130-5110 29 36 10 11 'K. 4Ye
12.0 15.6 3.74 0-280 W30HM ~ Encl 3130-5111 36 45 11 14% 5%
16.0 20.8 4.99 0-280 W20HG2 Open Parallel 1 3100-5120 41 46 7)1, 8M. 9K.
16.0 20.8 4.99 0-280 W20HG2M Enel Parallel 1 3100-5121 45 54 9 12M. 9Ya
20.0 26.0 6.24 0-280 W20G2 Open Series 3090-5120 43 48 7)1, 8M. 9K.
20.0 26.0 6.24 0-280 W20G2M Enel Series 3090-5121 48 56 9 12M. 9Ya
20.0 31.0 7.45 0-280 W50HM Enel 3160-5111 60 76 13M. 16Ya 7Yo't
24.0 31.2 7.5 0-280 W30HG2 Open Parallel 1 3130-5120 59 76 10 11'K. 9Ya
24.0 31.2 7.5 0-280 W30HG2M Encl Parallel 1 3130-5121 64 87 11Ya 14'~. 10M.
25.0 32.5 7.80 0-280 W50H Open 3160-5110 53 60 12)1, 13% 6Yo't

28.0 32.0 7.7 0-280 W30G2M Enel Series 3120-5121 67 90 11Ya 14'~. 10M.
30.0 36.0 8.6 0-280 W30G2 Open Series 3120-5120 61 80 10 11'K. 9Ya
36.0 46.8 11 0-280 W30HG3 Open Parallel 3 3130-5130 90 107 10 11'K. 20Ya

36.0 46.8 11 0-280 W30HG3M Enel Parallel 3 3130-5131 97 120 11Ya 14'~. 14'M.
40.0 62.0 14.9 0-280 W50HG2M ~ Enel Parallel 1 3160-5121 126 165 13'K. 17K. 14'M.
50.0 65.0 15.6 0-280 W50HG2 Open Parallel 1 3160-5120 116 153 . 12)1, 13% 14)1,

60.0 93.0 22.3 0-280 W50HG3M Enel Parallel 3 3160-5131 183 230 13'K. 17K. 21K.
75.0 97.5' 23.4 0-280 W50HG3 ~ Open Parallel 3 3160-5130 167 214 12)1, 13% 20Yo
80.0 124.0 29.8 0-280 W50HG4BBM Enel Parallel 4 3160-5241 255 328 13'M. 17K. 27M.

100.0 130.0 31.2 0-280 W50HG4BB Open Parallel 4 3160-5240 230 300 12)1, 13% 27 Yo
120.0 186.0 44.6 0-280 W50HG6BBM Enel Parallel 6 3160-5261 385 458 13'K. 17M. 40K.
150.0 195.0 46.8 0-280 W50HG6BB Open Parallel 6 3160-5260 355 428 12)1, 13% 40

Single-phase, 480-volt input, 50-60Hz
2.0 2.6 1.24 0-560 W5HG2 Open Series 3040-5120 13 15 4)1, 4'~. 8

2.0 2.6 1.24 0-560 W5HG2M Enel Series 3040-5121 15 23 5Ye 6% 8Ye
4.0 5.2 2.5 0-560 WI0HG2 Open Series 3070-5120 24 27 5% 6~. 9~.

4.0 5.2 2.5 0-560 WI0HG2M Enel Series 3070-5121 29 33 7Ye 9'M. 9)1,

8.0 10.4 5.0 0-560 W20HG2 Open Series 3100-5120 41 46 7)1, 8M. 9K.
8.0 10.4 5.0 0-560 W20HG2M Enel Series 3100-5121 45 54 9 12M. 9Ye

12.0 15.6 7.48 0-560 W30HG2 Open Series 3130-5120 59 76 10 11'K. 9Yo
12.0 15.6 7.48 0-560 W30HG2M Enel Series 3130-5121 64 87 11Ye 14'~. lOX.
20.0 31.0 14.9 0-560 W50HG2M ~ Enel Series 3160-5121 126 165 13'X. 17K. 14'Jf.
25.0 32.5 15.6 0-560 W50HG2 Open Series 3160-5120 116 153 12)1, 13% 14)1,
40.0 62.0 29.8 0-560 W50HG4BBM Enel Parallel 2 3160-5241 255 328 13'K. 17X. 27M.
50.0 65.0 31.2 0-560 W50HG4BB Open Parallel 2 3160-5240 230 300 12)1, 13% 27Yo
60.0 91.0 44.7 0-560 W50HG6BBM Enel Parallel 6 3160-5261 355 430 13'M'. 17M. 40K.
75.0 97.5 46.8 0-560 W50HG6BB Open Parallel 6 3160-5260 355 428 12)1, 13% 40

~ Federal stock numbers are listed before the Index.
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How to Select a Three-Phase Variac
As discussed in an earlier paragraph, selecting the

proper Variac® autotransformer depends on your first
knowing the conditions imposed by the power line (fre
quency, voltage, and phase) and by the load (expressed
in current or power).

To determine the needed rating for a three-phase
Variac assembly, look at the individual units in the as
sembly and the line voltage and currents that will be im
posed upon them. If the voltages and currents are within
rating for the individual units, the assembly will do the
job.

To control three-phase power, Variac autotransformers
can be connected in either a wye configuration, which
requires three units ganged (or 6, 9, or 12 for added
capacity), or in an open-delta configuration, which re
quires two units ganged (or 4,6, etc).

III~
LOAD

LINE LOAD

'"

LINE

OPEN DELTA WYE

Consider the simplest cases where a single Variac unit
is used in each arm. In the wye configuration, the full
line-to-line voltage is not imposed on each unit, rather it
is 1/ V3 or about 58% of the voltage. Thus a 240-volt
line will impose about 138 volts on each unit. However,
each unit supplies the full line current to the load through
its brush. In the open delta, the input to each unit is the
full voltage from the line and each unit must supply the
full line current.

line voltage Three-phase Variac assemblies are speci
fied for the more common 208-volt, 240-volt, and 480
volt lines. The open delta Variac configuration is limited
to the 208- and 240-volt applications and must use the
Variac units with a basic rating of 240 volts; the over-

voltage connection can be used. If the wye is used, the
three common line voltages will impose 120, 138, and
277 volts respectively on the individual units in the as
sembly. So, for 208-volt lines, the Variac units rated for
120 volts can be employed, and the overvoltage connec
tion used, if desired. For 240-volt lines, either 120-volt
units can be used (restricted to the line-voltage connec
tion) or 240-volt units can be used (overvoltage per
mitted). For 480-volt lines, 240-volt units are usable but
restricted to line-voltage connection.

load current The current rating of the individual Variac
autotransformers in the ganged assemblies is the same as
the maximum line current to the load. Thus, each leg of
the wye or open delta can be selected as though it were
a single-phase unit. Each leg can consist of as many units
paralleled (with required chokes) as is necessary to han
dle the current. Standard assemblies are offered with up
to 12 ganged-units (a wye with four paralleled units in
each -leg), and even larger ones can be supplied on
special order.

load power An aid to computing the load power from
the voltage and current ratings of individual components
of a three-phase load, and the reverse calculations, is
given in "Get more out of your Variac," later in this sec
tion. However, the kVA ratings of the three-phase Variac
autotransformers require all explanation. As with single
phase units, three-phase kVA rating is the product of the
maximum current and the line voltage (multiplied by
'./3). * It should not be used in selecting a Variac when
the overvoltage connection is employed, when nonlinear
loads are used, or when the phase loads may be unbal
anced. In those cases, the separate line currents should
be calculated and compared against the rated current of
the Variac.

line frequency The selection of a W- or M-series Variac
based on line frequency will be governed by the same
considerations discussed earlier. Three-phase models
for operation at 350 Hz and above are listed later, under
400-Hz operation.

·3 single-phase units, each with 1/v'3'the line voltage.

Output

Three-phase, 208-volt input, 60-Hz only
Description

Vl
Q),c:
"'~oom.-

bO
.c Q«i :c

Vl Vl u~~ bO bO-Q) -Q)
'5 ~<11

c: .... .E ~ 'Qj c: Outline
c:~ c:~

~UQ)Q) Q)Q) Cl.UO ~ .~ Dimensions (inches)
Q)~c. x~c. xB-~~ OJ cae>co3E ro~E ro:=lom 0 1tlQ)_ catalog W.o :2-eru<t ::Ou<t kVA ::Oo>er Type ::0 Connection ~erro Number z_ (J)~ W H D

7.1 I 9.2 I 3.31 I 0-208 W5LG3M Encl I Wye I 3050-5131 I 22 I 32 5Ya 6% 12X
8.5 I 11.0 I 3.96 I 0-208 W5LG3 0 Open I Wye I 3050-5130 I 20 I 23 4Yz 4'~. 12X

10.0 I 13.0 I 4.68 I 0-208 W8LG3 Open I Wye I 3058-5130 I 25 I 27 4Yz 4'X. 13X.

o Federal stock numbers are listed before the Index.
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W50G9 W20G3

Th h 208 240 It . t 50 60 H Overvoltage may be used on openree-p ase, - -vo Inpu, - Z delta connection or 20B-volt input.

Output Description

en
Ol.e
'>::"'0oro·-

bO
.c a:ro £

en en u ...... bO bO Outline.~ OOl-Ol -Ol -Ol .-<- Co ·w e
e'" e'" :J bOOl co ll.uo 3: .~.o Dimensions (inches)UOlOl OlOl

Ol",o. x ... a. )(B~~ :J co-m 0._

ro~E ro~E «3 J ofO 0
3&~

Catalog "'.0 :.c ......
Cl:U« ;j;u« kVA ;j;o>Cl: Type ;j; Connection Number z_ u>3: W H D

2.0 2.6 1.08 0-280 W5HG2 Open Open Delta 3040-5120 13 15 4l/, 4'X. 8

2.0 2.6 1.08 0-280 W5HG2M Encl Open Delta 3040-5121 15 23 5y' 6y' 8y'

2.0 2.6 1.08 0-240 W2G3M Encl Wye 3010-5131 12 21 4% 5y' 12y'

2.4 3.1 1.29 0-240 W2G3 ~ Open Wye 3010-5130 11 13 3y' 3'K. 12
4.0 5.2 2.16 0-280 W10HG2 Open Open Delta 3070-5120 24 27 5y' 6X. 9X.
4.0 5.2 2.16 0-280 W10HG2M Encl Open Delta 3070-5121 29 33 7y' 9' l{. 9l/,

5.0 6.5 2.70 0-240 W5G3M 0 Encl Wye 3030-5131 22 32 5y' 6y' 12Ya
6.0 7.8 3.24 0-240 W5G3 ~ Open Wye 3030-5130 20 22 4l/, 4'X. 12Ya
8.0 10.4 4.32 0-280 W20HG2 Open Open Delta 3100-5120 41 46 7l/, 8l{. 9K.
8.0 10.4 4.32 0-280 W20HG2M Encl Open Delta 3100-5121 45 54 9 12l{. 9%
8.5 11.0 4.57 0-240 W8G3 0 Open Wye 3038-5130 25 27 4l/, 4'X. 13'X,

10.0 13.0 5.40 0-240 W10G3 0 Open Wye 3060-5130 37 40 5y' 6X. 14

10.0 13.0 5.40 0-240 WI0G3M Encl Wye 3060-5131 43 47 7y' 9'l{. 14X.
12.0 15.6 6.48 0-280 W30HG2 Open Open Delta 3130-5120 59 76 10 l1 'K. 9y'

12.0 15.6 6.48 0-280 W30HG2M Encl Open Delta 3130-5121 64 87 11% 14'X. 10l{.
20.0 26.0 10.8 0-240 W20G3 0 Open Wye 3090-5130 65 71 7l/, 8l{. 13y'

20.0 26.0 10.8 0-240 W20G3M Encl Wye 3090-5131 71 82 9 12l{. 13'X,
20.0 31.0 12.9 0-280 W50HG2M 0 Encl Open Delta 3160-5121 126 165 13'K. 17K. 14'l{,

25.0 32.5 13.5 0-280 W50HG2 Open Open Delta 3160-5120 116 153 12l/, 13y' 14Y,
28.0 32.0 13.3 0-240 W30G3M Encl Wye 3060-5131 99 125 11% 14'X. 14'l{,
30.0 36.0 15.0 0-240 W30G3 Open Wye 3120-5130 93 113 12l/, 13y' 20Y.
40.0 45.0 18.7 0-240 W50G3M Encl Wye 3150-5131 179 221 13'M. 17l{. 21l{.
50.0 50.0 20.8 0-240 W50G3 Open Wye 3150-5130 163 206 12l/, 13y' 20Y.
40.0 62.0 25.8 0-280 W50HG4BBM Encl Open Delta 2 3160-5241 255 328 13'M. 17l{. 27~.

50.0 65.0 27.0 0-280 W50HG4BB Open Open Delta 2 3160-5240 230 300 12l/, 13y' 27Ya
80.0 90.0 37.4 0-240 W50G6BBM Encl Wye 3 3150-5261 355 430 13'M. 17K. 40M.

100.0 100.0 41.6 0-240 W50G6BB Open Wye 3 3150-5260 325 400 12l/, 13y' 40
*150.0 150.0 62.4 0-240 W50G9BB Open Wye (chokes included) 600 720 39 35 17
w200.0 200.0 83.2 0-240 W50G12BB Open Wye (chokes included) 760 880 39 41 17

Three-phase, 480-volt input, 50-60 Hz (Overvoltageconnection not recommended)

2.0 2.6 2.16 0-480 W5HG3 Open Wye 3040-5130 20 22 4l/, 4'X. 12Ya
2.0 2.6 2.16 0-480 W5HG3M Encl Wye 3040-5131 22 31 5y' 6y' 12Ya
4.0 5.2 4.32 0-480 WI0HG3 Open Wye 3070-5130 36 39 5y' 6X. 1~

4.0 5.2 4.32 0-480 WI0HG3M Encl Wye 3070-5131 42 46 7y' 9 ' l{. 14X.
8.0 10.4 8.65 0-480 W20HG3 Open Wye 3100-5130 61 68 7l/, 8l{. l3y'
8.0 10.4 8.65 0-480 W20HG3M Encl Wye 3100-5131 67 79 9 12l{. 13'X.

12.0 15.6 13.0 0-480 W30HG3 Open Wye 3130-5130 90 107 12l/, 13y' 20Y,
12.0 15.6 13.0 0-480 W30HG3M Encl Wye 3130-5131 97 120 11% 14'X. 14')f.
20.0 31.0 25.8 0-480 W50HG3M Encl Wye 3160-5131 183 230 13'M. 17K. 21li'o
25.0 32.5 27.0 0-480 W50HG3 0 Open Wye 3160-5130 167 214 12l/, 13y' 20Y,
40.0 62.0 51.5 0-480 W50HG6BBM Encl Wye 3 3160-5261 385 458 13'M. 17K. 40X.
50.0 65.0 54.0 0-480 W50HG6BB Open Wye 3 3160-5260 355 428 12l/, 13y' 40

* 75.0 97.5 81.0 0-480 W50HG9BB Open Wye (chokes included) 610 730 39 35 17

*100.0 130 108.0 0-480 W50HG12BB Open Wye (chokes included) 806 926 39 41 17
* Motor drive only.

Three-phase, 560-volt input, 50-60 Hz available on request:

o Federal stock numbers are listed before the Index.
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400-Hz Operation
• small, light, excellent regulation

• high- and low-temperature lubrication

• iridite-treated aluminum parts

• fungicidal treatment of all phenolic parts

• special nickel-plated brush holders

The M-series models are designed for use at fre
quencies between 350 and 1200 Hz. They are electrically
the high-frequency equivalents of the standard W series
but are much smaller and lighter than the 60-Hz models.
At 400 Hz, the regulation obtained with the M-series is
considerably better than with the 60-Hz models.

All M-series units conform to most military specifica
tions for shock, vibration, salt spray, tropicalization, alti
tude, humidity, and temperature. See General Specifica
tions section for further information regarding military
environmental specifications. Operation of the M-series
models is possible at 60 Hz if the input is limited to 60
volts. The output current remains the same and the out
put voltage range is 0 to 70 volts.

Single-phase, 120-volt input, 400-Hz

Output Description

tlIl
1:

VI VI tlIl tlIl

-'" -'" ~~~
.~ '0; C Outline

c'" C'" C 3: "0...0 Dimensions (inches)'0",,,, ",,,,
", ... 0. x ... 0. x.fr~ C :J - 0._

ro:5E <1l:5E CO:loro 0 Catalog
"'.0 :c ....

o:u« ::Eu« kVA ::Eo>o: Type ::E Connection Number z_ (/)3: W H D

2.4 3.1 0.37 0-140 M2 0 Open . 3410-5110 2 3 3X 3'X. 2'X.t
6.0 7.8 0.94 0-140 M5 0 Open 3430-5110 3 4 4Yz 4'~. 2'X.t

10.0 13.0 1.56 0-140 MI0 0 Open 3460-5110 6 8 5~ 6~. 3~.t

20.0 26.0 3.12 0-140 M20 0 Open 3490-5110 13 15 7Yz 8X. 3%t

Three-phase, 120-volt input, 400-Hz
2.4 3.1 0.65 0-140 M2G2 0 Open Open Delta 3410-5120 4 5 3X 3'X. 5~.

6.0 7.8 1.62 0-140 M5G2 0 Open Open Delta 3430-5120 7 8 4% 4'~. 5%
10.0 13.0 2.7 0-140 MI0G2 0 Open Open Delta 3460-5120 12 16 5~ 6~. 6'~.

20.0 26.0 5.4 0-140 M20G2 Open Open Delta 3490-5120 26 30 7 8X. 7~.

Three-phase, 120-208-240-volt, 400-Hz
2.4 3.1 1.30 0-240· M2G3 0 Open Wye 3410-5130 5 7 3Yz 3'X. 8X

6.0 7.8 3.24 0-240· M5G3 0 Open Wye 3430-5130 10 12 4% 4'~. 8Ye
10.0 13.0 5.4 0-240· MI0G3 0 Open Wye 3460·5130 19 23 5~ 6'~. lOX
20.0 26.0 10.8 0-240· M20G3 0 Open Wye 3490-5130 38 43 7Yz 8X. 10~

·17% overvoltage connection is permitted on 120/208, three-phase lines.

o Federal slock numbers are listed before the Index.
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W8MT3VM W8MT3

Portable Variac® Autotransformers
Portable, metered, cased units are available in twenty

models for use in the laboratory and on the test bench.
Each consists of a Variac autotransformer and an over
load protector. Some models have a voltmeter, ammeter,
and wattmeter in different configurations.

Adequate meter shielding is provided to reduce stray
fields sufficiently to give over-all meter accuracy of 3% of
full scale (5% of full scale for the powerful W20HMT3A).

The output circuit is protected by either a Klixon* ther
mal overload breaker, resettable from the panel, or by
easily accessible and replaceable fuses.

A double-pole on-off switch disconnects both sides of
the line. Where dual-range meters are used, make-before
break range switches permit switching under load. All
have convenient carrying handles. Some models come in
both 2- and 3-wire versions.

• Registered trademark of Texas Instruments Inc.

Single-phase, 120-volt input, 50-60 Hz

Output
:l:

en l/) 1lO 1lO
-Ol -Ol

:i~$ Meter Ranges 2-or 3- .e;; c Outlinec~ c~
"COlOl OlOl (full scale) wire cord ~ on£) Oimensions (inches)Ol~c. xtQ. x.s-~ c .e.-
ro~E "'::IE CO:JOltJ and Catalog Q).o .c-
O::U<t :::EU<t :2:0>0:: Type Amperes Walts Volts receptacle Number z_ (/)~ W H D

5.0 - 0-140 W5MT ~ - - - 2 3030-5118 8 15 4Ya 6%. 4Y,*t
5.0 - 0·140 W5MTJ ~ - - - 3 3030·5119 8 15 4Ya 6%. 4Y,*t
5.0 - 0-140 W5MTJVM ~ - - 150 3 3030·5015 8 19 4Ya 6% 4Y,
5.0 - 0-140 W5MTJA ~ 1/5 - 150 3 3030-5012 11 19 6Y, 9Y, 5~

5.0 - 0-140 W5MTJW ~ - 150/750 150 3 3030-5013 12 19 6Y, 9Y, 5J.:4
5.0 - 0-140 W5MTJAW 1/5 150/750 150 3 3030-5014 12 21 11 'X. 8% 5%
7.1 - 0-120 W5LMT3' - - - 3 3050-5119 8 18 4Ya 6%. 4Y,

10.0 - 0-140 W8MTJ - - - 3 3038-5119 10 16 5Y, 7 6Y,
10.0 - 0-140 W8MT3VM - - 150 3 3038·5015 10 16 5Y, 7 6)1,
10.0 - 0-140 W10MT ~ - - - 2 3060-5118 16 24 6% 9Y, 5J.:4t
10.0 - 0-140 WI0MTJ ~ - - - 3 3060-5119 16 24 6% 9Y, 5J.:4t
10.0 - 0-140 WI0MTJA ~ 2/10 - 150 3 3060-5012 18 30 8% 11 'X. 5Y.
10.0 - 0-140 WI0MT3W - 300/1500 150 3 3060-5013 18 30 8% 11 'X. 5y'
18.0 - 0-140 W20MTJA 20 - 150 3 3090-5012 27 34 8% 11 'X. 5Y.
18.0 - 0-140 W20MT3 ~ - - - 3 3090-5119 20 23 8% 11'X. 5Y.t

'60 Hz only

Single-phase, 240-volt input, 50-60 Hz
2.0 - 0-280 W5HMT ~ - - - 2 3040-5118 8 15 4Ya 6%. 4Y.t
4.0 - 0-280 WlOHMT ~ - - - 2 3070·5118 15 24 6% 9Y, 5}:4
4.0 - 0-280 WI0HMTJ ~ - - - 3 3070-5119 15 24 6% 9Y, 5}:4
8.0 - 0-280 W20HMTJ - - - 3 3100-5119 27 35 8% 11'X. 5Y.t
8.0 - 0-280 W20HMT3A ~ 10 - 300 3 3100-5012 25 31 8% 11'X. 5y'

Types MT and MT3 have overvoltage connections and corresponding dial scales, but can be supplied on special order With line-voltage connec-
tions and dial scales. .

• Listed under Re-examination Service of Underwriters' Laboratory. t Approved by Canadian Standards Association.

~ Federal stock numbers are listed before the Index.
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W20G3D8CK

Motor-Drive Versions
ORDERING INFORMATION

From table: yes = available from stock
so = available on special order PHASE SPUTTER

CAPACITOR

Establishing correct type number:

l. Select basic Variac type numberj e.g., W5G2 (a 2-
gang W5-series Variac) UMIT

2. Select time desired for full 320· traverse and insert
SWITCH
-,

time in "D-CK" 3 I
_-I

3. Arrange in following order:
W5G2D8CK (a 2-gang W5-series Variac with motor
drive, 8-second traverse)

4. If fully enclosed case is desired, add "M", e.g.,
W5G2D8CKM.

Dimensions: Width and height are same as for component
Variac. Depth is approx 6 inches greater than that of equiva-
lent manually operated model. Schematic diagram of motor circuit

Seconds Seconds
for full Shipping Weight for full Shipping Weight
320· (Ib) 320· (Ib)

Traverse* 2 4 8 16 32 64 128 Cased Uncased Traverse* 2 4 8 16 32 64 128 Cased Uncased

M2 yes yes yes yes yes yes 9 WIO yes yes yes yes yes yes yes 23 30
M2G2 yes yes yes yes yes yes 11 WIOG2 so so yes yes yes yes yes 35 43
M2G3 yes yes yes yes yes 14 WIOG3 so so yes yes yes yes yes 47 56

M5 yes yes yes yes yes yes 14 WIOH yes yes yes yes yes yes yes 23 30
M5G2 yes yes yes yes yes. yes 16 WIOHG2 so yes yes yes yes yes yes 35 43
M5G3 yes yes yes yes yes 19 WIOHG3 so so yes yes yes yes yes 47 56

MIO yes yes yes yes yes yes yes 16 W20 so yes yes yes yes yes yes 35 50
MIOG2 so yes yes yes yes yes yes 22 W20G2 so so yes yes yes yes yes 54 71

MIOG3 so so yes yes yes yes yes 29 W20G3 so so yes yes yes yes yes 78 97

M20 yes yes yes yes yes yes 27 W20H so yes yes yes yes yes yes 35 47

M20G2 so so yes yes yes yes yes 47 W20HG2 so so yes yes yes yes yes 54 69

M20G3 so . so yes yes yes yes yes 58 W20HG3 so so yes yes yes yes yes 77 93

W2 13 15
W30 so yes yes yes yes yes yes 57 79

yes yes yes yes yes yes W30G2 89 98
W2G2 15 17

so so yes yes yes yes
yes yes yes yes yes yes W30G3 120 120

W2G3 17 20
so so yes yes yes

yes yes yes yes yes
W30H so yes yes yes yes yes yes 55 78

W5 yes yes yes yes yes yes 17 20 W30HG2 so so yes yes yes yes 88 98
W5G2 yes yes yes yes yes yes 23 26 W30HG3 so so yes yes yes 120 120
W5G3 yes yes yes yes yes 33 39

W50 so so yes yes yes yes 95 125
W5H yes yes yes yes yes yes 18 20 W50G2 so so yes yes yes 162 194
W5HG2 yes yes yes yes yes yes 25 28 WSOG3 so so yes yes yes 220 242
W5HG3 yes yes yes yes yes 34 38 W50G4 so so so so yes 295 330
W5L yes yes yes yes yes yes 17 20 WSOG6 so so so so yes 411 454
W5LG2 yes yes yes yes yes yes 24 29 W50G9 yes

W5LG3 yes yes yes yes yes 27 32 WSOG12 yes

W8 yes yes yes yes yes yes 19 W50H so so yes yes yes yes 100 130

W8G2 yes yes yes yes yes yes 28 W50HG2 so so yes yes yes 167 201

W8G3 yes yes yes yes yes 37 W50HG3 so so yes yes yes 222 246
W50HG4 so so so so yes 302 334

W8L yes yes yes yes yes yes 19 W50HG6 so so so so yes 480 526
W8LG2 yes yes yes yes yes yes 28 W50HG9 yes
W8LG3 yes yes yes yes yes 37 W50HGl2 yes

* Motor times given for 60-Hz operation. Add 20% more time for 50-Hz operation.
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Variac(i) autotransformer - Type W2
Basic data for single section:

Input
Output as % of input
Rated Current
Maximum Current
No-Load Loss at 60 Hz
Number of Turns
DC Resistance of Winding
Drive Torque (ounce-inches)
Replacement Brush

120 V, 50 to 60 Hz
o to 117%

2.4 A
3.1 A
3.5W
403

10.35 n
5 to 10
VB-l

Dimensions Types W2 and W2M
Dimensions Ganged Uncased
Types W2G2 and W2G3

Dimensions Ganged Cased
Types W2G2M and W2G3M

Moll Ponel!
S!* I

• 3* I

.,r-~-~.'iI';<r-"rd' ' 1, '.Li _
3~,.

* For Cased Model

iOlO i R

"'~'" Ponel Drillin~
120'\:;/'20" fo, Shoff And

• 31 Orill~ Dial Plote

:3 Dia Dial Plote
i Dia Shoft

~ Oio Shofl On 801l-Beorino Models

Molt Panel ~
3 Gong lili

2 Gong 7~:

iOiQ IR
r-o:¥p Ponel Orilli",~

120°\':; /120- For Shoft And,-;P,- / 0'01 Plote
"3IDrill-~

4 MIQ Holes 10-32(n DiG Hoies In Panel)

3 Dia 0101 Plale

~ Oto Shaft _

~ Dio Shaft On 8on--B~nn9

Models

iOio lR
h-=\:~;'1 Panel Drilling

120'"~)120' fo, Sholl And
• 31 Drill~ 0101 Plote

Dia 0101 Plote
Dia Shoft

Oia Shclft On Boll- BeOrll1Q
Models

Variac(i) autotransformer - Type W5
Basic data for single section:

Input
Output as % of input
Rated Current
Maximum Current
No-Load Loss at 60 Hz
Number of Turns
DC Resistance of Winding
Drive Torque (ounce-inches)
Replacement Brush

W5

120 V, 50 to 60 Hz
o to 117%

6A
7.8 A
9W
293

1.85 n
10 to 20

VB-2

W5L

120V,60Hz
o to 100%

8.5 A
11 A
12 W
235

0.92 n
10 to 20

VB-2

W5H

240 V,5O to 60 Hz
o to 117%

2A
2.6 A
9W
590
17n

10 to 20
VB-1

Dimensions Types W5, W5L, W5M,
W5LM, W5MT, W5MT3. W5LMT3.
W5H. W5HM. and W5HMT

Dimensions Ganged (Uncased)
Types W5G2. W5G3, W5HG2.
W5HG3. W5LG2 and W5LG3

Dimensions Ganged Cased
Types W5G2M, W5G3M. W5HG2M,
W5HG3M, W5LG2M. and W5LG3M

Ma.. Ponel i
-51* ~I..!

:~.~~, I'~ o.

.--'I I .
o 0 -, 0

'1j
t-3!; I,. ~

• For Cased Model

io~o ItR,....-:g:.'" Panel Drilling
120'\.:, )'20' fo, Shoff And

.31 Drill~ 0101 Plote

3 ~t9 Ho$ts 10-32 On
3} 8011 ende For
UncoHd Model (~Dio
Holes In Panel)

4 010 Diol P101e:
i Dio Shaft

iDio )R
ro-::'¥o1 Pone:1 Drilling

1200~, )1200 For Shaft And
*31 Orill~ Diol Plote

1-2~

4 Mig Holes 10-32
<'!\ Dio Holes In Pc e:J)

4 Dio Diol Plate:
~ Dio Shaft

iDiO ~R

"'o('J,~"" Ponel Dolling
1200\:;~12o- For Shofl And

• 31 Drill~ Diol Plo1e
4 Dio Diol Plole
t Dio ShoO
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Variac@ autotransformer - Type we
Basic data for single section: W8 W8L

Input
Output as % of input
Rated Current
Maximum Current
No-Load Loss at 60 Hz
Number of Turns
DC Resistance of Winding
Drive Torque (ounce-inches)
Replacement Brush

120 V,50to60 Hz
o to 117%

8.5 A
11 A
12 W
236
1 .n

10 to 20
VB-3

120 V, 60 Hz
o to 100%

10 A
13 A
12 W
184

0.5.n
10 to 20

VB-3

Dimensions Types W8 and W8L

Dimensions Ganged
Types W8G2, W8G3, W8LG2,
and W8LG3

Mox Ponel i r- I I~

~"
4~

.!.Die ,!f!-.........*3f Drill

t~\~" Ponel Dfllllnq
120'\~JI20' For Shoft And

.0" _~ Diol Plote

ErqomJ~ Moo< ErqomJ

7
;;

3 Mig Holes 10-32 On
(3r Bolt Circle (-/2 Oio

Holes in Ponel)

4 Dia Oiol Plote
i Oio Shoft

iOic .,lR
, o~¥o; Ponel Onlling

1200' ." )1200 For Shoft And
.31 D,.II .-i / Dial Plate

4 010 Dial Plote

~ 010 Shaft

Variac@ autotransformer - Type W10
Basic data for single section: Wl0 Wl0H
Input
Output as % of Input
Rated Current
Maximum Current
No-Load Loss at 60 Hz
Number of Turns
DC Resistance of Winding
Drive Torque (ounce-inches)
Replacement Brush

120 V, 50 to 60 Hz
o to 117%

10 A
13 A
17W
212

0.58 .n
15 to 30
VBT-10

240 V, 50 to 60 Hz
o to 117%

4A
5.2 A
17 W
430

4.85.n
15 to 30
VBT-11

Dimensions Types W10, W10M,
W10MT, W10MT3, W10H. W10HM,
W10HMT. and W10HMT3.

Dimensions Ganged Uncased
Types W1OG2, W10G3, W10HG2,
and W10HG3

Dimensions Cased Types W1OG2M,
W1OG3M, W10HG2M, and
W10HG3M

sirna 0101 Plate
i Oio Shaft

5ioio Dial Plat.
i Dia Shoft

lOio /,R
,....::l~·.1 Ponel Drilling

120,-lf'j120' Fa< Shoff And
"31 Orill~ Dial Plote

I ) II

Max Pone~ i M'iir9ii~
3 Gon 14~ I~ r44:-;l ,
2 Gon. 9, I I ~3'1 ii1.0)0 ,. I 'Ql4! I ~ I 4.

• II -0-1--£-1'

~
~ . J -.l7i

o 0 11'---- ~
tOio!! !!~JI {

,1'6 '·~'i \ I

4 N'9 Holes :4 -28
Ii ();o Holes In Panel)

4Mtg Holes i-Z8
tll Die Holes In Ponel)

~Oio ftR
o~\~o'" Ponel Drilling

12o-,-~)IW- For Shoft and
*31 Dril1~ 0101 Plote
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Variac@ autotransformer - Type W20
Basic data for single section: W20 W20H

Input
Output as % of Input
Rated Current
Maximum Current
No-Load Loss at 60 Hz
Number of Turns
DC Resistance of Winding
Drive Torque (ounce-inches)
Replacement Brush

120 V, 50 to 60 Hz
o to 117%

20 A
26 A
27 W
169

0_21 n
45 to 90
VBT-8

240 V, 50 to 60 Hz
o to 117%

8A
10.4 A
27 W
339

1.6 n
45 to 90
VBT-12

Dimensions Types W20, W20M,
W20MT3, W20H, W20HM and
W20HMT3.

Dimensions Ganged Uncased
Types W20G2, W20G3. W20HG2
and W20HG3

Dimensions Ganged Cased
Types W20G2M, W20G3M,
W20HG2M, and W20HG3M

Moll. Ponel i
6~*- l~

IJt,a"5Jt~lt .
r: J
I I ;')
, I
<"

\._-
4i~

... For Cased Model

iOlo 1R
f~o~i«'\ Panel Drilling

120o(<?)120° For Shoft And
431 Oril1~ Dial Plale

7Dia Dial Plote
~ oia Shoft

joio A~R

"o:::-\~o"" Ponel Drillmg 7 Dio Dial Plate
120·"Cf')1200 F~r Shoft And I

.. 31 Drill~ 0101 Plote 2: Dia Shoft

iOio 2R
r-o:.'i!0"" Panel Drilling

IZO·\: ,~120· For Shoff And
.31 Drill~ Dial Plate

TD~o Dial Plote
i 010 Shoft

Variac@ autotransformer - Type W30
Basic data for single section: W30 W30H

Input
Output as % of Input
Rated Current
Maximum Current
No-Load Loss at 60 Hz
Number of Turns
DC Resistance of Winding
Drive Torque (ounce-inches)
Replacement Brush

120 V, 50 to 60 Hz
oto 117%

30 A
36 A
35W
184

0.14 n
50 to 100
VBT-13

240 V. 50 to 60 Hz
o to 117%

12 A
15.6 A
35W
367

1.17 n
50 to 100
VBT-14

Dimensions Types W30, W30M.
W30H. and W30HM

7 Dio Dial Plate

~Dio Shoff

iOio IiR
"'~O~};'01 Panel DrillinQ

120 0 I 120· For Shoff And
.31 Drill- 1 Dial Plate

Dimensions Ganged Cased Types
W30G2M,W30G3M,W30G4M,
W30G6M,W30HG2M,W30HG3M,
W30HG4M. and W30HG6M

7Dia Dial Plole
~ 010 Shoft

4 MtQ Hales \ - 16
(~Dia Holes In Panel)

ioio ..~R
I~1 Panel Drilling

120-\.2.. :)120- For Shofl And
.31 Orill~ Dial Plate

I I
Dimensions Ganged Uncased
Types W30G2. W30G3, W30G4,
W30G6. W30HG2. W30HG3,
W30HG4, and W30HG6

I I
6 Gong 2Si

[

4 Gong 19;\

3 Gong 14+
7

It 10~
2 GonQ 9 8 I.!. 8.1~

MOlli Panel t I•lil l 2 I I

~
' ,.~'.;-,,-

8-'- d: -I:- 10
2 I I 8 1

" .~. " 0' ,:.:il
it 0'0 1ft I I-b '...I

1 7 T
116 Iii

7 Dio Dial Plale

~ Dia Shoft

jOio ~R "For Cased Model

f ........\)'.'" Ponel Drilling
IZOo"~)120° For Shofl And

.31 Drill-';p' Diol Plote
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Variac<!> autotransformer - Type W50
Basic data for single section: W50 W50H
Input
Output as % of In~ut
Rated Current
Maximum Current
No-Load Loss at 60 Hz
Number of Turns
DC Resistance of Winding
Drive Torque (ounce-inches)
Replacement Brush

120 V, 50 to 60 Hz
o to 117%

50 A
50A
50W
186

0.08.11
150 to 300

VBT-6

240 V, 50 to 60 Hz
o to 117%

25 A
32.5 A
50W
294

0.3.11
150 to 300

VBT-7

Dimensions Types W50, W50M,
W50H and W50HM

Dimensions Ganged Uncased
Types W50G2, W50G3, W50G4,
W50G6, W50HG2, W50HG3,
W50HG4 and W50HG6

Dimensions Ganged Cased Types
W5OG2M,W50G3M,W50G4M,
W50G6M, W50HG2M, W50HG3M,
W50HG4M, and W50HG6M

7 Dia 0101 Plo1e
! 010 Shoft

4 MIg Holes ~ -16
(~ DiD Holes In Ponel)

IF~t
,II I I 10.1

III -0--1.:1'III I I 13!l
Uj?__~ ,.

\4 M'g Hales ~-16
(.8: Dio HoIe5/nFbnelJ

7 Dia Dial Ptote
i Dia Shoft

177.mIO!:1 I

r 7 , r-;o

6 GOOCl 40;\

1
4 Ga"'l 27h
3 Gang 21k Ii

r.~·::~"~"
10~ Ih 0 0 •

~~o I I 7

Iii Iii

lOio ~R

;"o":.~ Ponel Drillinq
120· ,/12<>- For Shoft And

.31 Drill~ Dial Plote

6 Gang 40
4 Gong 27*-
3 Gong 20 7

, 11
2 Gong 14 2 I ,:

:> Molt Ponel l 1
4 'i

g.:lJt:IJ,J I{';-=~'-=::--'"

, I ,
I~ Iii

iOio ~R
""o-::0~"f> Pone I Orillinq

120 I 120· For Shoft And
.... 31 DfllI~ Dial Plote

4 Mlq Holes. Cleoronc:e
for i Dio Screw On Cased

ModeJ (1\Oia lilies ~A:lnd

7 Dia 0101 Plote
! Dia Shoft

MOk Ponel

Variac<!> autotransformer - M-Series
Basic data for single section: M2 M5 M10 M20

Input
Output as % of Input
Rated Current
Maximum Current
No-Load Loss at 400 Hz
Number of Turns
DC Resistance of Winding
Dr"ive Torque (ounce-inches)
Replacement Brush

120 V, 350 to 1200 Hz
o to 117%

2.4A
3.1 A
3.5W
-403

6.25.11
5 to 10

VB-1

120 V, 350 to 1200 Hz
o to 117%

6A
7.8 A
9W
294

1.2.11
10 to 20

VB-2

120 V, 350 to 1200 Hz
o to 117%

10 A
13 A
17 W
212

0.36.11
15 to 30
VBT-10

120 V, 350 to 1200 Hz
o to 117%

20 A
26A
27 W
169

0.15.11
45 to 90
VBT-8

Dimensions Type M Variacs

.... Pbnel GF"
~J~~~

T R

,..o-::ftn Ponel OrilliRCj1
120·~ ,~120· for Shoff And

• 31 Drill~ Dial Plate

P DIOShcft

TYPE A B D E G J K N P R T V W
M2 2 111i," 3\4" 23;4" 1%" %" 1 ~," I" ~11f %" %" 'h" 10-32
M5 2 1111.- 4'h" 3 3,4" 2 1,4" %" 1 ~," 1 ~," ~I· %" %" lh" 10-32
MID 3lo\," 5 3,4" 43;4" 2'l's" 'h" 1 "A," 1 ~," ~," 'h" %" %" \4-28
M20 3%" 7'h" 6\4" 33;4" 'h" 1'h" 1%" ~I· 'h" 1~1· %" 1,4-28

Dimensions Type M Ganged Variacs TYPE

M2G2

M2G3

M5G2

M5GJ

M1OG2

M1OG3
M20G2

A BDEGJ KNR TVXY

51~" 3 1,4" 23,4" 1%" %" 1 \II," I" lo\," 7iI" 'h" 10-323" %"
8%0" 3\4" 23;4" 1%" %" 1\11," I" %t" %" 'h" 10-323" %"
5 Un." 4'h" 33,4" 2\4" %" 1 \II," 1 ~," lo\," %" 'h" 10-32 4" %"
sun." 4'h" 33,4" 2\4" %" 111," 1 ~," lo\," %" 'h" 10-32 4" %"
6 "A," 53,4" 43,4" 2~" 'h" 1 ~," 1 ~," 'U" %" %" \4-28 5'h" 'h"
10\4" 5>;(," 43,4" 2~" 'h" 1 ~," 1 'n," 'U" %" %" \4-28 5'h" 'h"-
7~," 7Y.z" 6 1,4" 33;4" 'h" 1'h" 1%" 'U" '\II," %" \4-28 7" 'h"
103;4" 7Y.z" 6\4" 33;4" 'h" 1'h" 1%" ~," lYl," %" ',4-28 7" Ill"
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Get More Out of Your Variac
Careful overloading of a Variac® autotransformer can

take advantage of many design trade-offs.
For example, the current ratings of all models assume

trouble-free operation 24 hours a day, day after day. If a
Variac is to be used only 2 hours or less per day, signifi
cantly more than rated current can be drawn for that short
period. Figure 1 (general specifications) illustrates how
up to 10 times the normal rating can be realized.

Also, if the load is frequently switched on and off, the
duty ratio of that cycle can permit enough cooling during
the off time to allow intentional overloading. A detailed
discussion of this consideration appears below.

Finally, certain types of load permit the Variac rating
to be increased, as reflected in Variac specifications.

Match the Variac to the load To enable the user to get
the most out of a Variac autotransformer, General Radio
specifies the current rating with two different numbers,
rated current and maximum current. Briefly, remember
that maximum current can be drawn from the autotrans
former only when the output voltage is set near line volt
tage. Rated current, on the other hand, can be drawn at
any setting of the Variac and is the only rating applicable
when the overvoltage connection of the Variac is em
ployed.

There are two basic categories of load (linear and non
linear) and the Variac cannot supply as much current at

a mid-range setting as it can near the extremes without
overheating. In Figure 3, the sagging dashed line plots
the reduction in the current capacity at mid-range. (With
an output of 50% of line voltage, there is the greatest in
ternal heating per ampere of output current.)

The straight black line shows the current that a well
behaved constant-impedance load will draw through the
Variac as the voltage is decreased from maximum. Note
that, even though maximum current is drawn at maximum
voltage, the line stays well below the reduced capacity
level at mid range. Typical of this kind of load is a heating
element.

Unfortunately, all loads don't behave so well, incan
descent lights in particular. They react to a decreasing
voltage much as shown by the curved solid line. The cur
rent they draw drops very little even as the voltage is cut
to 50% of maximum. If a load of this type is permitted to
draw maximum current at maximum voltage, it will obvi
ously exceed the Variac capacity at mid-range, causing
overheating and reduced life. A Variac with larger cur
rent capacity must be chosen so the load will not exceed
its rated current and thus remain within bounds at mid
range.

So, for many loads, the maximum current rating per
mits greater performance without risk, while for other
common loads, the rated current specification is a neces-

MAXIMIJAI
CURRENT

-RATED
CURRENT

\ .J--t- I V \
V l;'PERMISSIBLE VARIAC· / /

,
AlITOTRANSFORMER

'" lDAD "

I -- ..~ -- V -- -- - --

~TUNGSTEN /LAMP LOAD

/ V
I /
I V
~ LINEAR (CONSTANT 'MP£OANCEI LOAO

/
V

C> 90
z
;::
: 80

~

i 70

X
c(

~ 60...
o

~ 50

'"<..>
a::
~ 40

CIl
c(

.... 30
z
'"g: 20
=>
<..>

5 10.......
=>
o 00 10 20 30 40 50 60 70 80 90 '00 110 117

OUTPUT VOLTAGE AS PERCENT OF INPUT

'00

Figure 3. Typical load-current curves.
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In the table of 3-phase 240-V models, the first type
listed with adequate "maximum current" rating is the
W20HG2. It has two drawbacks, however: It cannot
supply overvoltage output (since that means limiting the
output to the 'rated current" value), and it is not the
most economical selection. The W8G3 Variac is con
siderably less expensive but cannot supply overvoltage
either, for a different reason: It must be wired in a wye

configuration in which the maximum voltage allowed,
140 V, will be applied to each unit in the assembly, thus
preventing added voltage from being developed for the
load. To get overvoltage capability, find, in the table,
the next model that is wired in an open delta and has
adequate "maximum current" rating: The W30HG2. A
quick look at larger open-delta assemblies confirms that
this is the least expensive choice.

Now consider three heater elements, each rated at 1.0
kVA and 120 V, which are connected in a wye as in Figure
4b. To deliver full power, each element must have 120 V
applied. Since the line voltage across a wye is Y3 times
that across each arm, the needed line voltage is 208 V.
Each arm will draw 1000 VAl 120 V or 8.3 A from each
Variac. From the specifications for three-phase units,
select the W5LG3 as having adequate "maximum cur
rent" rating. However, the W5LG3 cannot supply over
voltage. If you want the overvoltage feature, you need a
W8G3, based on its rated current.

Note that the configuration, open-delta or wye, of the
load and the Variac do not have to match.

Voltage doubling In normal use, a~ Variac supplies an
output of from 0 to line voltage (or slightly higher when
the overvoltage connection is used). On the 240-V (H)
models, a provision has been made to apply 120 V and
get a 0-to-280-V output. This step-up of 2.33 is accom
plished by the application of the high side of the line to
either terminal 6 or 7 on the input of the Variac.

Because of the step-up action, the current in the "pri
mary" of the autotransformer is approximately twice the
output (brush) current rather than equal to the brush cur
rent as it is in the normal connection. Therefore the per
missible load current is one half the standard rating for
the unit. For example, the rated current for a WI0H is
4 A for a 240-V input and 0-to-280-V output. But for a
120-V input and 0-to-240-V output, the rated current for
the same unit is only 2 A.

Figure 4. Three-element heater loads.

kVAl PHASE = Vvx Iv

VUNE = ../3 Vy

ILoAO= Iv

VLlNE

~ x VUNE X ILOAO

b.

VLlNE : V6

I LOAD: v'316

kVAtPHASE: V6 X 16
(

lOTAL kVA : 3( kVAlPHASE)

I LOAO-

3:]lI
6=tJ1

o.

sary guard against overheating. To limit the specification
to but one number would mean either unnecessary cau
tion or undesirable risk; neither would permit full utiliza
tion of the Variac capability.

As to the limit on current when the overvoltage connec
tion is used, the dashed line again sags very quickly out
beyond the 100%-of-line-voltage point down to the rated
current value. Thus, at 117% of line, the most current
that should be drawn is the rated value.

Effect of duty cycle When the load is continuously
cycled on and off, the rating should be determined as fol
lows. The duty-cycle is defined as the ratio of "off-plus
on" time to "on" time; the rated current can be multiplied
by the square root of this ratio to obtain the allowable
uprated current. The following examples will illustrate
the calculation of permissible overloads for the Type W5
model, whose rated current is 6 amperes.

Example 1: The load is on for 15 seconds out of every 4
minutes (240 seconds).

vduty cycle =~ 21~0 = 4

duty-cycle uprated current = 6 A X 4 =24 A

From Figure 1 in the "General Specifications," a 15
second overload uprates the current by 500% so that

short-term overload current = 6 A X 5 =30 A

Since the lower rating takes precedence, the 24-A
limitation imposed by the duty ratio is the maximum cur
rent permissible. Note, on the overload curve of Figure 1,
the lower curve must be used for models with built-in
fuses.

Example.2: The load is on for 6 seconds out of each
minute (60 seconds) over a duration of one-half hour.

Vduty cycle =~ 6~ = 3.16

short-term overload for 30 minutes = 133%

from duty-cycle and 30-minute short-term overload
considerations:
uprated current = 6 A X 3.16 X 1.33 = 24.6 A

short-term overload current = 6 A X 7.25 = 42.7 A

Since the lower rating takes precedence, the 24.6-A
limitation imposed by the duty-cycle and 30-minute short
term overload is the maximum current permissible.

Three-phase load calculations If the three-phase-Ioad
unit is marked with rated line-voltage and current or load
power (kVA), you can easily select a Variac from the fore
going tables.

If, however, the ratings are known only for the individ
ual three elements of the load, you must do some figuring
to arrive at the values needed to use the selection tables.

Consider, for example, three heater elements, each
rated at 1.4 kVA and 240 V, which are connected in a
delta configuration as in Figure 4a. To deliver full power,
they must be connected, through a Variac to provide con
trol, to a 240-V line. The current each Variac must supply,
lload' is V3 times larger than the current in each element
of a delta load:

1 M3 1400 (VA) - 10 1 A
load = v.:) 240 V - .
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Many of the Variac® autotransformers listed on me
preceding pages are indicated to require one or more
Type W50-Pl Chokes. This unit is used when two or more
autotransformer outputs are to be connected in parallel;
it prevents the flow of potentially damaging currents from
one unit to the other. Instructions for proper intercon
necting are included with each unit.

W50-P1 Parallelling Choke

Description

W50·P1 Choke

Catalog
Number

3150·5016

Replacement Brushes
Occasionally, as a result of accident or excessive wear

or current, it may be necessary to replace the autotrans
former's carbon brush or brushes. They may be ordered
from the table below.

Description

VB·1 Brush, for M2, W2, W5H
VB·2 Brush, for M5, W5, W5L
VB·3 Brush, for W8, W8L

Catalog
Number

3200·5901
32OQ.5900
3200·5923

Description

VBT·10 Brush, forM10, WlO ~

VBT·ll Brush, for W10H ~

VBT·8 Brush Set, for M20, W20 ~

VBT·12 Brush Set, for W20H ~

VBT·13 Brush Set, for W30 ~

VBT·14 Brush Set, for W30H
VBT·6 Brush Set, for W50 ~

VBT·7 Brush Set, for W50H

Catalog
Number

3200·5910
3200·5911
3200·5908
3200·5912
32OQ.5913
3200·5914
3200·5906
3200·5907

Minivolt*
adjustable autotransformer
• pocket sized

• efficient

• ideal for low-voltage control

To save you weight and space, for low-voltage applica
tions, we bring you the Minivolt* adjustable autotrans
former. Like the larger members of the VariaC® family,
it provides smooth, wide-range control - from zero to
full input voltage. Likewise, i~ provides the efficiency
and minimal regulation (low source impedance) of a
well-designed transformer - far superior to that obtain
able with a rheostat of similar size.

Mounts in a single panel hole. The open construction
is neat and functional. Three versions are offered;
choose the one suited to your input voltage.

Note: This product is manufactured exclusively in
Europe. A complete line of Variac® adjustable auto
transformers (not listed in this catalog) is also manu
factured there.

SPECIFICATIONS
Ratings:

Type Output Voltage

LO·12 0 to 12 V
LQ·24 0 to 24 V
LO-36 0 to 36 V

Frequency: 50-60 Hz.

Mechanical: Open construction, panel mounting. DIMEN·
SIONS (AxBxC): 1.81x1.62x1.06 in. (46x41x27 mm).
WEIGHT: 0.66 Ib (0.3 kg) net.

Catalog
Number

3230·5000
323Q.5OO1
3230·5002

Description

M'OIvolf' adjustable autotransformer
LO·12, 12·volt
LO·24,24·Yolt
LQ·36, 36·Yolt

• A registered trademark owned by General Radio France, a subsidiary of General Radio Company.
~ Federal stock numbers are listed before the Index.
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GR Signal Generators
• amplitude modulation, internal and external

• low incidental modulation

• high output

• precision output aUenuator

I kHz

GR1003
• 67 kHz to 80 MHz, ±0.25% accuracy
• I-ppm typical stability

auto-tuning to preset frequencies *
sweep operation *

• manual and electrical Llf control
• internal crystal calibrator *
• output leveled to ±I dB

GR1026
• 9.5 to 500 MHz, ±0.5% accuracy
• 50-ppm typical stability

wide-band and pulse modulation
• manual and electrical Llf control

internal crystal calibrator *
• output leveled to ±0.5 dB

GR 1001-A
• 5 kHz to 50 MHz, ± I % accuracy
• 0.2% stability

economical

* Features available as options.

314 SIGNAL SOURCES

For complete specifications, see pages 232 through 236.

1001-A I
1003 I

1026

I I I I I I
10 100 I MHz 10 100 I GHz
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GR Frequency Synthesizers

for wide frequency range, high resolution, precise frequency control, accuracy,
stability, low noise, programmability, and sweep capability

For c{)mplete specifications see pages 219 through 227.

Type Frequency Range Features Type Frequency Range Features

\ • I I 1 I • I

~ . . ~ ~ - ~ . - .
~

~I I_(}.!=-~ r:::-::J

1161 dc to 100 kHz
1162 dc to 1 MHz
1163 30 Hz to 12 MHz
1164 10 kHz to 70 MHz

S
up to 7 digits, modular
programmable

) search / sweep
t economical

1165 10 kHz to 160 MHz
sweep
programmable
9 digits, I-Hz steps

10 kHz to 160 MHz {searCh/sweep
programmable, 100-/Ls switch
ing, phase-modulation,
better than 80-<lB spurious,

10 kHz to 500 MHz up to 10-digits, O.l-Hz steps

1061

1062
up to 7 digits, 10o-Hz steps
up to 9 digits, I-Hz steps

\ '" I a, I I

• • • • • • • • •

1165 10 kHz to 160 MHz
1168 10 kHz to 160 MHz

Synthesizer Modules for 1161, 1162, 1163, and 1164 Synthesizers

Sold only as replacements or to fill out partially
equipped synthesizers.

116o-CAD-1 - Continuously Adjustable Decade Module
The 1160-CAD-l Continuously Adjustable Decade module

is available to add increased versatility and extended resolu
tion. It can convert any step decade (and all to its right) to
continuously adjustable operation at the push of a button.
The module is complete and ready to plug into the decade
station at the right-hand end of any of the synthesizers. Net
Weight: 1% Ib (0.8 kg).
116o-RDI - Programmable Step-Decade Modules

The 1160-RDI Digit-Insertion Units (remote or manual con
trol) are offered to trII out partially complete synthesizers or
convert manual instruments, partially or fully,. to programmed
operation. The modules are ready to plug in. A filter-plug at
the rear can be cabled to a programmer for fast, automatic
operation.

1160-9480

1163-9479
1164-9479
1164-9489
1160-9650

Catalog
Number

1160-9485
1160-9432

Description

Four models The 1160-RDI-1B unit will operate in any sta
tion of any synthesizer up to the X1-Mt-jz position from a 10
line command input. The 1163-RDI-4 operates in the Xl-MHz
position of an 1163 synthesizer, controlled from a 12-line
input. The 1164-RDI-2 replaces the manual step-decade
module in the Xl-MHz position of an 1164-series synthesizer.
The 1164-RDI-3 operates in the XlO-MHz position in the
1164 model synthesizers with a 7-line command input for
full programmability to 70 MHz. Net Weight: 1112 Ib (0.7 kg).
Hook-up cable for RDI One 50-foot roll of cable of special,
12-conductor, shielded cable is furnished with each synthe
sizer containing an RDI unit but is not supplied with an in
dividually purchased RDI. Additional 50-foot lengths can be
ordered. Net Weight: 2lf2 Ib (1.2 kg).

1160-RDI-IB Digit-Insertion Unit, without filter plug
116O-CAD-l Continuously Adjustable Decade (includes

Calibrating Mixer Unit)
Programmable Digit-Insertion Units

116O-RDI-IB, with filter plug, up to 100 kHz/ step,
all synthesizer models

1163-RDI-4. 1 MHz/step, in 1163 models
1164-RDI-2. 1 MHz/step, in 1164 models
1164-RDI-3. 10 MHz/step, in 1164 models

Hook-Up Cable for all RDl's, 50-fl, 12-conductor,
shielded

1160-eAD-l1160-RDI-1 B

GENERAL RADIO 1973 CATALOG



General-Purpose Oscillators

1311
1308
1309 or 1316
1312
1310

I I I I I I I
I Hz 10 100 1kHz 10 100 I MHz

• --=-.,.'"
--- If.:.-.-. •..

V----

Type

1311

Features

11 discrete frequencies, 1% accurate
1 Wof power, up to 100 V or4A

Page

79

~.

76

77

high power, 200 VA at any power factor
useful in series with dc power circuit
metered, protected

low distortion - 0.05%
5-Voutput; 60-dB step attenuator
sine waves and squares waves

1308

1309

U
If

1316 powerful - up to 1.6 W, 125 V metered, 5 A
2-phase outputs for phase-sensitive detector
3-digit decade control, infinite resolution
low distortion and hum

158

1310 widest frequency coverage, decade ranges
20-V output, 46-dB attenuator
low distortion

78
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I 1362 ~I 1215 I 11361

I MHz 10 100 I GHz

Type

1211

Features

high output power: 200 mWto 2 W
wide frequency coverage in 2 ranges

Page

228

1215 output power: 50 to 300 mW
quiet tuning (no sliding contacts)

228

• -11

1363 output power: 90 to 500 mW 229
front attenuator

~.. a

~

1362 uniform output power: 50 to 400 mW 229
quiet tuning (no sliding contacts)
calibrated front attenuator

•
1361 output power: 100 to 400 mW

quiet tuning (no sliding contacts)
calibrated front attenuator

230

1218 output power: 120 to 350 mW
electrical fine tuning, can be phase locked
high intrinsic stability
front attenuator

230

GENERAL RADIO 1973 CATALOG SIG
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-1330-A Bridge Oscillator
no load. Frequency shift with 50-0 load, 5% at low carrier
frequencies; <1% above 150 kHz.

Output level: VOLTAGE: Audio, 12 V ±20%, open circuit; rf,
adjustable, maximum across 50 n is >1.5 Vat any frequency,
>2.5 V below 15 MHz, and >5 V from 50 kHz to 5 MHz.
POWER: Audio, >500 mW into 50-n load; rf into 50-n load is:
>45 mW at any frequency, >125 mW below 15 MHz, >500 mW
from 50 kHz to 5 MHz.
Output Impedance: Audio jack, 50 ±20 n; rf, <80 n with out
put control at max setting.

Distortion: AUDIO: <5%. RF, with max output into 50 n:
= 3.5%, medium and high frequencies; = 7%, low frequencies.
ENVELOPE: <6% at 50% modulation; <4% at 25% modu
lation.
Modulation: Internal only, at 400 and 1000 Hz. DEPTH: 25%
and 50%. CARRIER-FREQUENCY RANGE: 15 kHz to 50 MHz.

leakage: Field strength <50 JJ.VI m at 2 ft from instrument.

Terminals: GR874® locking connectors. For connection to
other popular types, use a GR874 locking adaptor, which locks
securely in place yet is easily removed.

Supplied: 874-R22LA Coaxial Cable, 874-Q2 Adaptor, TO-44
Adjustment Tool (mounted on rf shield cover), power cord.

Power: 105 to 125 or 210 to 250 V, 50 to 60 Hz; 30 W.

Mechanical: CABINET: Bench cabinet can be removed for easy
mounting in a rack, without additional hardware. Panel di
mensions, 19x7 in. DIM ENSIONS: (wxhxd): 21.75x7 .5x11.25
in. (552x190x286 mm). WEIGHT: 38 Ib (17 kg) net, 50 Ib
(23 kg) shipping.

• 400 Hz to 50 MHz
• 0.5-watt output over most of rf range

• excellent shielding

The 1330-A is an economical, general-purpose labora
tory source of audio and radio frequencies. It covers the
major part of the frequency range of the 1606-B Radio
Frequency Bridge and also supplies 400 and 1000 Hz.
Its power output is adequate for most direct-deflection
type measurements with resonant circuits.

The circuit and the mechanical construction are similar
to those of the 1001-A Standard-Signal Generator. Tun
ing capacitor and inductors are ruggedly constructed to
assure frequency stability, the oscillator circuits are
doubly shielded to minimize stray fields, and a modulat
ing circuit of unusual design provides excellent modula
tion characteristics over the radio-frequency range.

Modulation is available at two audio frequencies and
at two levels, selected by switches.

SPECIFICATIONS

Frequency Range: 5 kHz to 50 MHz, continuous, plus 1000
Hz, 400 Hz, and the power-line frequency. CALIBRATION:
Direct reading for eight 3:1 ranges. Calibration is logarithmic,
and vernier dial indicates increments of 0.1% per division
from 5 kHz to 15 MHz. ACCURACY: 400 and 1000 Hz, ±5%;
frequencies below 150 kHz, ±3%; above 150 kHz, ±2%, all at

o Federal stock numbers are listed before the Index.
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Description

1330-A Bridge Oscillator 0

Catalog
Number

1330-9701
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Source Resistance: 50 0, or high (approx 1 ko) shunting cur
rent source.
Offset: Continuously adjustable source current from -20 to
+20mA.
Duty Ratio: Duty ratios of over 70% can be obtained on all
ranges except decreasing to approx 50% at 50-ns period in
50-to-500-ns range.
Synchronizing Pulse: WAVEFORM: Square wave. Negative
transition precedes start of output pulse by approx 35 ns;
positive transition can be used for half-period pretriggerring.
AMPLITUDE: 2.5-V pk-pk positive square wave behind 500-0
source impedance.
Modulation: Period and duration are linearly controllable by
an external voltage between -0.5 and -5.0 V. AmplitUde of
the positive-pulse output is linearly controllable by an external
voltage of 0 to +5.0 V, the negative pulse by 0 to -5.0 V.
Period and duration are modulatable over the decade range
set by range switches; amplitude can be modulated over its
full range. Amplitude modulation can be used for nonco
herent gating of output pulse.
Gating: Switch closure to ground or equivalent inhibits period
generator, thus providing phase-coherent gating of output
pulses. An impedance of :;;;;600 0 to ground inhibits output;
+4 to +8 V allows normal output; 1340's gate 1340's.
Available: GR874® coaxial components, attenuators, termina
tions, tees, etc.
Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 30 W.
Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): Bench, 8.5x5.63x13 in. (216x143x330 mm); rack, 19x
5.25x11.25 in. (483x133x286 mm). WEIGHT: 9.5 Ib (4.3 kg)
net, 13 Ib (6 kg) shipping.

1340 Pulse Generator
• 0.2 Hz to 20 MHz

• 25-ns to 2.5-5 duration

• 5-ns rise time

• 10-V output with ±1·V offset

• amplitude, period, duration modulation

The 1340 Pulse Generator demonstrates that an eco
nomical, general-use instrument need not be mediocre.
The 1340 provides, at low cost, wide ranges of repetition
frequency and duration, high output, and many perform
ance and convenience features never before available in
a single pulse generator.

A full eight decades of period and duration make the
1340 the widest-range pulse generator in its price class.
A panel lamp indicates settings that exceed the generous
duty-ratio limits. External signals can be used to control
prf, to gate the output, and to modulate the amplitude,
period, duration of the output pulses.

Both positive and negative ground-based pulses of up
to 10 volts are produced simultaneously. Their ampli
tudes and offsets can be independehtly set with continu
ously adjustable front-panel controls: Control is also
provided of output impedance, single pulsing, input
threshold for external prf sources, and for generating
square waves.

The sync output of the 1340 is a square wave. This
feature not only permits pretriggering of an oscilloscope
but ensures more positive triggering since input circuits
operate best with a signal that keeps reasonable duration
and constant dc level at all repetition rates.

Integrated-Circuit Testing Many features of the GR
1340 have been incorporated to aid in the testing of inte
grated circuits. Its 20-MHz operation, adjustable offset,
square-wave output, and ability to operate at the standard
5-volt logic level with a 50-!l source impedance are all of
special value in IC testing. The ability to sweep or linearly
program the pulse amplitude, duration, and period makes
the 1340 useful in automatic and semi-automatic meas
urements.
-See GR Experimenter for November-December 1968.

SPECIFICATIONS
Pulse Period (PRF): INTERNALLY GENERATED: 50 ns to 5 s
(20 MHz to 0.2 Hz) in 8 decade ranges. Single-pulse push
button on panel. EXTERNALLY CONTROLLED: 1 Hz to 20
MHz; triggers on any waveform of >3 V pk-pk. Input resis
tance approx 100 ko. Output pulse is started by negative
going transition. Period control acts as input trigger-level con
trol in external mode. ACCURACY (at 25°C, X2 setting): 10%
for lO-lLs to lO-ms ranges; 15% for 1-ILs range; 20% for 100-ns
and 1-s ranges. JITTER (max pk-pk): 0.2% at 500 ns, 5 ms,
and 50 ms; 0.5% at 50 ns.
Output Pulse: DURATION: 25 ns to 2.5 s in 8 decade ranges,
or square wave. ACCURACY (at 25°C, Xl setting): 10% for
1-ILs to 1-ms ranges; 15% for 10-ms range; 20% for 100-ns,
100-ms, and 1-s ranges. RISE AND FALL TIMES: 5 ns ± 2.ns
at 5 V, 50-0 load, and 50-fl source resistance. AMPLITUDE:
Positive and negative ground-based pulses available simul
taneously with independent amplitude and offset control.
Source current continuously adjustable to at least 0.2 A (Le.,
across 50-0 load, 10 V from high source resistance or 5 V from
50-0 source). JITTER (max pk-pk): 0.3% at 0.4 ILS. DISTOR
TION: Preshoot, overshoot, ringing, etc, <0.5 V (5% of max
output).

GENERAL RADIO 1973 CATALOG

Description

1340 Pulse Generator
Bench Mount
Rack Mount

Catalog
Number

1340-9700
1340-9701
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Unit pulse generator with power supply

1217-C Unit Pulse Generator

l-!ls pulse into 50 ohms with delayed sync pulse.

('~-----~. --
\.,
-~ ---

Overshoot typically <10% (worst case 15%). Output control
permits reduction of overshoot at slight rise-time penalty. Into
high-resistance loads, all transitions are «60 ns + 2 nsf pF
load capacitance), with no overshoot.
Ramp-off: Less than 1%.
Synchronizing Pre-pulse: Positive and negative 8-V pulses of
150-ns duration. If positive sync terminal is shorted, negative
pulse and delayed sync pulse. This negative transition is imme
dance: positive - approx 300 n; negative - approx 1 kn.

Catalog
Number

1217-9703

1201-9703
1201-9824

1203-9702

1203·9818
1217-9602
8410-0300
0480·9986

Description

1217-C Unit Pulse Generator 0
1201·C Unit Regulated Power Supply (for 115 V) 0
1201-CQ18 Unit Regulated Power Supply (for 230 V)

1203-B Unit Power Supply (for 115 V) 0
1203-BQ18 Unit Power Supply (for 230 V)

1217-P2 Single·Pulse Trigger

AA Cell, replacement battery for 1217-P2 (1 req'd)
480-P4U3 Rack-Adaptor Panel 0

Delayed Sync Pulse: Consists of a negative-going transition of
approx 5 V and 100-ns duration coincident with the late edge
of the main pulse. Duration control sets time between pre
pulse and delayed sync pulse. This negative transition is im
mediately followea by a positive transition of approx 5 V and
150 ns to reset the input circuits of a following pulse generator.
Stability: Prf and pulse-duration jitter are dependent on power
supply ripple and regulation. With 1201 power supply and
external-drive terminals short-circuited, prf jitter and pulse
duration jitter are each 0.01 %. With 1203 power supply, they
are 0.05% and 0.03%, respectively. (Jitter figures may vary
somewhat with range switch settings, magnetic fields, etc.)
Power: 1203 or 1201 Unit Power Supply is recommended.
Either of these power supplies matches the pulse generator in
cabinetry, is the same height, and can be fastened alongside
rigidly, with connectors mated directly (no cable). In per
formance, the 1201 is like the 1267 Power Supply except that
the former's low-voltage output is unregulated, nominally 6.3
V, 0 to 4 A. In performance, the 1203 is like the 1269 Power
Supply.
Available: 1217-P2 SINGLE-PULSE TRIGGER. Rack-adaptor
panel for both generator and power supply (19 x 7 in. over-all).
Mechanical: Unit-instrument cabinet. DIMENSIONS (wxhxd):
15x5.75x6.5 in. (381x146x166 mm). WEIGHT: 9.5 Ib (4.4
kg) net, 12 Ib (6 kg) shipping.

1217-P2 Single-pulse trigger

SPECIFICATIONS
Pulse ~epetition Frequency, Internally Generated: 2.5 Hz to
1.2 MHz, with caljbrated points in a 1-3 sequence from 10 Hz
to 300 kHz, and 1.2 MHz, all ±5%. Continuous coverage with
an uncalibrated control.
PRF, Externally Controlled: Aperiodic, dc to 2.4 MHz with
1-V-rms input (0.5 V at 1 MHz and lower); input impedance
at 0.5 V rms approx 100 kn shunted by 50 pF. Output pulse
is started by negative-going input transition.
Output-Pulse Duration: 100 ns to 1 s in 7 decade ranges, ±5%
of reading or ±2% of full scale or ±35 ns, whichever is
greatest.
Output Voltage: Positive and negative 40-mA current pulses
available simultaneously. Dc-coupled; dc component negative
with respect to ground. 40 V peak into 1-kn internal load im
pedance for both negative and positive pulses. Output control
marked in approx output impedance.
Transitions: At max output into 50- or 100-n resistive load,
transitions are typically <10 ns; no transition is ever >15 ns.

This simple reliable pulse generator has many appli
cations in the laboratory and on the test bench. Its wide
ranges of pulse-duration and repetition rate and its excel
lent output characteristics fit it for many applications
ranging from high-speed computing circuits through ra
dar to geophysical and physiological pulse simulation. It
is also an excellent, low-cost instrument for the student
laboratory.

In addition to the main outputs (both + and - pulses)
there are a sync input and three auxiliary outputs (+, -,
and delayed sync). A separate input can be used for
externally triggered pulses, aperiodic, periodic, or one
shot. A pushbutton is provided in the accessory Single
Pulse Trigger for manual control.

• <10-ns rise/fall times

• dc to 2.4-MHz repetition frequency

• 40-mA out'put pulses, positive and negative

• duration adjustable 100 ns to 1.1 s

o Federal stock numbers are listed before the Index.
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1396-B Tone-Burst Generator
Timing Input (signal that controls switch timing): Same speci
fications as Signal Input except: INPUT IMPEDANCE: 20 kn,
approx.
Signal Output: OUTPUT ON: Replica of Signal Input at approx
same voltage level; dc coupled; down 3 dB at >1 MHz. Output
current limits at >25 mA pk, decreasing to >15 mA at 2 MHz.
Output source impedance typically 25 n, increasing above
0.2 MHz. Total distortion contribution <0.3% at 1 kHz
and 10 kHz. OUTPUT OFF: Input-to-output transfer (feed
through), <10 mV «-60 dB re full output), dc to 1 MHz, in
creasing above 1 MHz. SPURIOUS OUTPUTS: Dc compo
nent and change in dc component due to on-off switching
(pedestal) can be nulled with front-panel control. Output
SWitching transients are typically 0.2 V pk-pk and 0.2 p'S in
duration (l20-pF load).
On-Off Timing: Timing is phase-coherent with, and controlled
by, either the signal at the Signal Input connector or a differ
ent signal applied to the Ext Timing connector. The on inter
val (duration of burst) and the off interval (between bursts)
can be determined by cycle counting, timing, or direct ex
ternal control. CYCLE-COUNT MODE: On and off intervals
can be set independently, to be of I, 2, 4, 8, 16, 32, 64, or
128 cycles (Le., periods) duration or to be 2, 3, 5, 9, 17, 33,
65, or 129 cycles with +1 switch operated. TIMED MODE:
The on and off times can be set independently from 10 p'S to
10 s. They end at the first proper phase point of the control
ling signal that occurs after the time interval set on the con
trols. One interval can be timed and the other counted, if
desired. SWITCHING PHASE: For either of the above modes,
the on-off switching always occurs at a phase of the controlling
signal that is determined by the triggering controls. The
Slope control allows triggering on either the positive or nega
tive slope of the controlling signal and the Trigger Level con
trol sets the level at which triggering occurs. DIRECT EXTER
NAL CONTROL: A 10-V pulse applied to rear-panel connec
tion will directly control switching.
Synchronizing Pulse: A dc-coupled aux output alternates be
tween approx +8 V (output on) and -8 V (off). SOURCE RE
SISTANCE: = 0.8 kn for pos output and = 2 kn. for neg.
Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 16 W.
Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): Bench, 8.5x5.63xlO in. (216x143x254 mm); rack, 19x
5.63x10 in. (483x143x254 mm). WEIGHT: Bench, 8 Ib (3.7
kg) net, 12 Ib (5.5 kg) shipping; rack, 11 Ib (5 kg) net, 15 Ib
(7 kg) shipping.

• fast, coherent switch for periodic waves

• dc to 2 MHz

• signal attenuated> 60 dB between bursts
/

• length of burst: 10 p's to 10 s, or continuous, Or
1 to 129 periods of the switched signal

• or burst length controllable by separate input

The 1396-B Tone-Burst Generator fills the gap between
steady-state cw testing and step-function, or pulse, test
ing of amplifiers, meters, etc. It is ideally suited for appli
cations such as the test and calibration of sonar trans
ducers and amplifiers, the measurement of distortion and
transient response of amplifiers and loudspeakers, and
routine testing of filters and ac meters. Still other uses
are found in the measurement of room acoustics and
automatic-gain-control circuits, in the synthesis of time
ticks on standard-time radio transmissions, and in psy
choacoustic instrumentation.

For a full discussion of the many uses for tone-burst
testing see the May 1964, General Radio Experimenter or
write for publications ABO and IN 110.

Description The 1396 acts as a switch that alternately
interrupts and passes an input signal, thus chopping into
bursts a sine wave, Or continuous tone, applied to the
input. The instrument times the burst duration and in
terval between bursts exactly by counting the number of
cycles, or periods, of the input signal. Panel controls
permit these intervals to be set to a wide range of values.
The exact time at which the burst starts and stops can be
controlled, thus the burst is phase-coherent with the in
put signal.

Alternately, timing can be based on a separate signal,
the output can be turned on continuously for alignment
or calibration, or single bursts can be generated with a
front-panel pushbutton. The 1396-B can also operate
with nonsinusoidal or aperiodic inputs.
- See GR Experimenter for October 1968.

SPECIFICATIONS

Signal Input (signal to be switched): AMPLITUDE: ±1 to ±1O V
pk-pk (7 V rms with O-V dc component) for proper operation.
FREQUENCY RANGE: Dc to 2 MHz. INPUT IMPEDANCE: 50
kn., approx.

GENERAL RADIO 1973 CATALOG

Description

1396-B Tone-Burst Generator
Bench Model
Rack Model

Catalog
Number

1396-9702
1396-9703
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Bench and rack models

1450 Attenuator Decade
• 0 to 110 dB in steps of 0.1 or 1 dB

• 600-ohm input and output impedance

• accuracy: ±0.02 dB ±0.25%

• usable to 1 MHz

Use the 1450 Decade Attenuator to provide accurate
steps of attenuation for power-level measurements, trans
mission-efficiency tests, and gain or loss measurements
on transistors, filters, amplifiers, and similar equipment.
It can also serve as a power-level control in circuits not
equipped with other volume controls. "

Each decade consists of four individually shielded,
series-connected T-pads. The switches have eleven posi
tions, 0 to 10 inclusive, so the decades overlap. There
are no stops on the 0.1- and 1-dB-per-step decades, thus
facilitating quick return from full to zero attenuation.

SPECIFICATIONS

Attenuation Range: 110 or 111 dB in steps of 1 or 0.1 dB,
respectively.
Terminal Impedance: 600 fl nominal in either direction. An
etched plate indicates the mismatch loss for other than 600-fl
circuits.
Accuracy: Each individual resistor is adjusted within ±0.25%
of its correct value. The lOW-frequency error in attenuation is
less than ±0.02 dB ±0.25% of indicated dB setting plus a
switch-resistance error of 0.003 dB (for -TA) or 0.005 dB (for
-TB), when attenuator is terminated at both ends in a pure
resistance of 600 fl. For differences in attenuation between
any two settings, switch-resistance error virtually disappears.
To maintain accuracy at high attenuations, special wiring
methods are employed to the "low" Input post.

i) Federal stock numbers are listed before the Index.
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Frequency Discrimination (with low terminal at panel poten
tial): Less than 0.1 dB ±1% of the indicated value at fre
quencies below 200 kHz. For increments in attenuation, the
1% tolerance extends to approximately 1 MHz.
Maximum Input Power: 1 W.
Switches: Cam-type switches are used with twelve positions
covering 360°. Dials are numbered from 0 to 10 inclusive,
and the twelfth point is also connected to O. Stops are pro
vided in the switch mechanism for the 100-dB decade. No
stops are provided initially to prevent complete rotation of the
10- and I-dB decades, but spacers, which are provided, can
be used under certain mounting screws to act as stops for the
knob, if desired.
Characteristic Impedance: 600 fl; if one end is terminated in
600 fl, the input impedance at the opposite end is 600 fl, for
any attenuation setting.
Terminals: Low-thermal-emf jack-top binding posts with :lA-in.
spacing; ground ("G") terminal also provided, near Input.
Shielding: Each decade is individually shielded, and all shields
are connected to the panel, to which the "G" post is also con
nected. The user is thus given free choice of grounding point
for the "low" side, inclUding connection to "G" by the link
provided.
Mechanical: Lab-bench cabinet or rack model. DIMENSIONS
(wxhxd): 2-dial models, 10x5.75x12.25 in. (254x146x311
mm); 3-dial models, 12x5.75x12.25 in. (305x146x311 mm);
all rack, 19 x same hand d (483 mm). WEIGHT: -TA, lllb
(5 kg) net, 17 lb (8 kg) shipping; -TB, 15 Ib (7 kg) net, 20 Ib
(9.5 kg) shipping; -TAR, 12 Ib (5.5 kg) net, 23 Ib (11 kg)
shipping; -TBR, 16 Ib (7.5 kg) net, 26 Ib (12 kg) shipping.

Attenuation , Catalog
Description Dials Total Steps Number

Decade Attenuator
1450-TA, Bench i) 2 110 dB 1 dB 1450-9891
1450-TAR. Rack 2 110 dB 1 dB 1450-9894
1450-TB, Bench i) 3 111 dB 0.1 dB 1450-9893
1450-TBR, Rack 3 111 dB 0.1 dB 1450-9895
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1455 Decade Voltage Divider
• linearity better than 20 ppm (5-dial model) models, 7.75 Ib (3.6 kg) net, 9 Ib (4.1 kg) shipping: rack

• input impedance: 1, 10, or 100 kfi
models are each 1 Ib (0.5 kg) heavier than corresponding
bench models.

• high-frequency model, down 3 dB at 7.5 MHz
Type 1455-AH ·A ·AL ·BH ·B

Number of Dials: 4 4 4 5 5
Input Resistance: 100 kG 10 kG 1 kG 100 kG 10 kG

The GR 1455 Decade Voltage Dividers provide accu- Accuracy of Input R: (ppm +150 +150 +250 +150 +150
rately known voltage ratios from 0.00001 to 1.00000 for Input Voltage Ratingl : 700V 230V 70 V 700 V 230V

use in many common measurements: Frequency Response' fo: 85 kHz 850 kH 7.5 MH 69 kHz 690 kHz
Resolution: (ppm of input) 100 100 100 10 10

• voltage gain or attenuation Linearity (sum of A & B)
• linearity of potentiometers and other controls A, Absolute Linearity'

• frequency response of audio and rf networks
-Ratio-

0.00001 to 0.00010 ±0.02 ±0.03
• transformer turns ratio 0.00010 to 0.00100 ±0.2 ±0.3 ±0.7 ±0.2 ±0.3

• voltmeter calibration 0.00100 to 0.01000 ±2 ±2 ±3 ±2 ±3
0.01000 to 0.10000 ±15 ±15 ±20 ±10 ±10

A resistive divider of the Kelvin-Varley type, the 1455 0.10000 to 1.00000 ±30 ±30 ±50 ±20 ±20

has 'precision resistors throughout (rather than in se- B, Terminal Linearity
(in ppm of input).

lected positions only) for over-all high accuracy. Linearity FOUR-TERMINAL (out-
is as low as 0.02 ppm of input. put with respect to low

Match your needs exactly. Select input impedance,
output terminal): ±O.OO ±0.04 ±0.4 ±O.OO ±0.04
THREE-TERMINAL' ±0.02 ±0.2 ±2 ±0.02 ±0.2

. voltage rating, frequency range, 4- or 5-dial resolution, Max Output Resistance
bench or rack mounting. (input shorted): 27.9 kn 2.79 k! 333 G 28.8 k!1 2.88 kG

Effective Output Capaci·
tance (typ, unloaded): 67 pF 67 pF 67 pF 80 pF 80 pF

SPECIFICATIONS

Frequency Characteristic: Acts like
simple RC circuit below fo so that Eo reading

L = ~1+ (tY

I Safe operating limit, will not cause damage.
, Output-level change due to increasing frequency, with no load, with

output resistance set to max, up to the tabulated frequency: <3 dB.
, Measured in ppm of input. Output is taken with respect to reference
output measured when the indicated ratio is zero,. with frequency in
the low aUdio range, with input <0.5 of Input Voltage Rating. Note:
Linearity change due to internal heating, for full rated input voltage,
for ratios 0.1 to 1.0: <20 ppm; for ratios <0.1: negligible.

• Output measured with respect to low input terminal. Low output
terminal may be floating or connected to the low input terminal.

Tabulated value of fo is at setting that gives max output re
sistance so that fo at all other settings is higher. At 0.044 fo,
response is down <0.1 %.

Temperature Coefficient: <20 ppm for each resistor. Since
. voltage ratios are determined by resistors of similar construc
tion, net ambient temperature effects are very small.

Mechanical: Lab-bench cabinet. DIMENSIONS (wxhxd):
Bench, 4-dial models, 14.75x3.5x6 in. (375x89x153 mm):
5-dial models, 17.31x3.5x6 in. (440x89x153 mm): rack,
19x3.5x4.63 in. (483x89x117 mm). WEIGHT: Bench, 4-dial
models, 6.75 Ib (3.1 kg) net, 8 Ib (3.7 kg) shipping: 5-dial

~ Federal stock numbers are listed before the Index.
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Description

1455 Decade Voltage Divider
Bench Models

1455-A, 4-dial, lO-kG ~

1455-AH, 4-dial, 100-kG ~

1455-AL, 4-dial, I-kG
1455-B, 5-dial, 10-kG
1455-BH, 5-dial, 100-kG

Rack Models
1455-A, 4-dial, lO-kG
1455-AH, 4-dial, 100-kG
1455-AL, 4-dial, l-kG
1455-B, 5-dial, 10-kG
1455-BH, 5-dial, 100-kG

Catalog
Number

1455-9700
1455-9702
1455-9704
1455-9706
1455-9708

1455-9701
1455-9703
1455-9705
1455-9707
1455-9709
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Other Attenuators

1452 Programmable Attenuator (full specifications on page 246)

• 10 kHz to 500 MHz

• 80 dB in 1-dB steps

• 1% accuracy

• <500-fLS switching time

•

•
•

A precIsion control for rf-signal strength in 50-ohm
circuits, excellent in computer-controlled test systems for
communications equipment. Manual or programmable
only models.

1346 Audio-Frequency Microvolter* (full specifications on page 92)

• economical, easy to use

• dc-to-100 kHz attenuator

• 0.1-JLV to 10-V outputfrom
internal dc or external ac/dc source

Handy, versatile metered attenuator converts any
source of dc or ac-to-lOO kHz to a calibrated-output gen
erator. 1001 uses include testing of sensitivity, linearity,
sl n ratio, and attenuation on instruments, audio equip
ment, bio-systems.

• Trademark registered in USA
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1157-8 Scaler (500 MHz)

• inputs up to 500 MHz

• 100-mV rms input sensitivity

• 1-Voutput behind 50 n

The 1157-8 Scaler will divide input frequencies up to
500 MHz by 10: 1 or 100:1. Used as a prescaler, it will
extend the upper frequency limit of counters to as much
as 500 MHz. It can be mounted side-by-side with the
1191 or 1192 Counter to extend its range to 500 MHz
with 10:1 or 100:1 prescaling.

The 1157-8 Scaler is a two-decade digital frequency
divider complete with input-level meter, attenuator, and
internal power supply. One output can be switched for
either 1/10 or 1/100 of the input frequency; a sync out
put supplies 1/100 of the input continuously. The input
and output connectors can be moved to the rear for sys
tems applications.

Sync Output: Positive pulse, > 1 V behind 50 n. Repetition
rate is input frequency divided by 100. Duty ratio, 60%.
Connectors: Can be moved to rear panel. INPUT: GR874®
locking connector. OUTPUT: BNC.

•
i'"'t""'1 •
_~I_.

-A perfect companion to the 1192 Counter, the 1157-B extends the coun-
ter's range to 500 MHz. Equally useful with the 1191-B Counter.

~.

381~496

"".-'~ ~--'"""'",

The input and output connectors can be moved to the rear for systems
appl ications.

Supplied: Power cord, patch cord to 1192 Counter.
Power: 100 to 125 or 200 to 250 V, 14 W.
Mechanical: Convertible bench cabinet. DIMENSIONS (wx
hxd): Bench, 8.5x3.5x12.6 in. (216x89x309 mm); rack, 19x
3.88x12.6 in. (483x98x320 mm). WEIGHT: Bench, 7 Ib (3.2
kg) net, 10 Ib (4.6 kg) shipping; rack, 10 Ib (4.6 kg) net, 13 Ib
(6 kg) shipping.

Two frequency-divider circuits allow an output that is one-tenth the
input frequency or one-hundredth of it.

SPECIFICATIONS
Input Frequency: 1 to 500 MHz.
Input Level: MINIMUM: 0.3 V pk-pk (0.1 V rms) on most sen
sitive setting of attenuator. MAXIM UM: 7 V rms (l W).
Input Impedance: AC-coupled, 50 n.
Attenuator (Sensitivity control): Panel switch of xl, x2, x5 or
x10 attenuation.
Meter: Green sector indicates adequate signal levels for easy
adjustment of sensitivity control.
Main Output: DC-coupled positive pulse, > 1 V behind 50 n.
REPETITION RATE: Input frequency divided by 10 or 100 de
pending on setting of panel switch. DUTY RATIO: 60% for
1/10 output, 40% for 1/100 output.

!UNSIT'VITY! 11NPUTLEVnl

:~(r~.~.10,,,

Description

1157·8 Scaler (500 MHz)
Bench Model
Rack ModeJ

l"'ULTIPLYCOUNTCRIlEADINGIlTJ

l'OOI5'''CI
00'

Catalog
Number

1157·9700
1157-9701
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1191-8 Counters
• 35 MHz, to 500 MHz with scaler

• general-purpose counter-timer

• economical Ie design

• programmable, all functions dc controlled

• 10-mV sensitivity

The 1191 is a general-purpose counter-timer for meas
uring frequency, period, period average, frequency ratio,
and time interval. Extensive use of integrated circuits in
the 1191 has resulted in an economical counter with full
features and top performance.

Operation to 500 MHz The 1191-B counter is available
as the 1191-Z in combination with a scaler that extends
the frequency-measuring range to 350 or 500 MHz by
dividing the input frequency by a factor of 10 or 100.

In combination, the 1191 Counter and a scaler are
economical and provide all the features of the counter
alone, full counter-timer functions, programmability,
high-speed data access, with the extra benefits of high
frequency operation. 1191-Z models include all counter
options - high-precision time base and data output.

The counter and scaler are offered in rack-mount or
bench versions, the latter supplied with the two instru
ments mounted in a single cabinet.

. '048400.24 _

326 COUNTERS

Automatic Remote programmability of measurement
functions, ranges, and most of the secondary controls,
such as display time, makes the 1191 unexcelled as a
component in automatic measuring systems. Its display
time can be as small as 1 p.s. The counter functions are
dc controlled, most by simple contact closures to ground.
Models are available with high-speed, buffered BCD out
puts from internal storage to drive auxiliary data-handling
equipment.

Convenience The readout of the 1191 is 8 digits of
high-intensity neon indicators, with automatic display of
decimal point and measurement dimensions. The inter
nal storage gives continuous, flicker-free display of rap
idly corretted data. The operator has control of all input
trigger circuit characteristics.

Input Circuits The counter has two high-sensitivity in
put channels, each consisting of a high-impedance, low
noise FET circuit preceded by a 3-position step attenuator
and including controls for trigger level, slope and polar
ity. The I-megohm input impedance is independent of
control settings to permit use of general-purpose Iow
capacitance oscilloscope probes. One such probe is
offered as an accessory to the 1191.

Time Base Model options allow a choice of time base
to match needs and budgets. An inexpensive room
temperature-crystal oscillator affords adequate stability
for many applications. Or, the counter can be ordered
with a more stable crystal-oscillator time base with pro
portional temperature control. A standby-power mode of
operation lets the crystal oven remain on for maximum
stability, while the rest of the counter is turned off. For
the greatest possible stability, either oscillator can be
phase locked to an external standard frequency of 10
MHz or any submultiple down to 100 kHz. A front-panel
monitor is included for this purpose. If necessary, oscil
lator frequency can be set with an easily accessible, rear
panel dc-voltage adjustment.
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GENERAL

Environment: Instrument operating range, 0 to 50°C ambient.
Supplied: Rack-mounting hardware set, power cord.
Available: Input probe; 1157-B Scaler for measurement to
500 MHz; 1785 Digital Printer, and other GR digital-data
acquisition equipment.
Probe (1158-9600): INPUT IMPEDANCE: 10 Mil shunted by
approx 7 pF when used with 1191 counter. ATTENUA
TION: xlO (20 dB). VOLTAGE: 600 V dc or ac pk-pk, max up
to 5.7 MHz; less at higher frequencies. LENGTH: 3.5 ft.
Power: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 32 W.
Mechanical: Bench ·or rack models. 1191-8 DIMENSIONS:
(wxhxd): Bench, 19.75x4.88x13 in. (502x124x330 mm); rack,
19x3.5xlO.5 in. (483x89x267 mm). WEIGHT: Bench, 23 Ib
(11 kg) net, 29 Ib (14 kg) shipping; rack, 18 Ib (8 kg) net,
21 Ib (10 kg) shipping. 1191-Z DIMENSIONS: (wxhxd):
Bench, 19.75x8.75x15 in. (502x222x381 mm); rack, 19x7x
13.25 in. (483x178x337 mm). WEIGHT: Bench, 38 Ib (18
kg) net, 45 Ib (21 kg) shipping; rack, 38 Ib (18 kg) net, 45 Ib
(21 kg) shipping.

External Phase-Lock: Both time-base oscillators can be locked
to external standard frequenGY at 0.1, 1, 2.5,5, or 10 MHz, of
at least 1 V rms into 1 kG. A front-panel phase-lock indicator
lamp is provided.

DATA PRESENTATION

Display: 8-digit display with automatically positioned decimal
point and measurement dimensions. High-intensity neon read
out tubes.
Storage: Display can be either stored or not; variable from
<1 ~s to 10 s or infinity for display time (normal mode) and
for data holdoff time (in storage mode).
Data Output (in some models): Fully buffered 1-2-4-8 BCD
output at standard DTL levels; data zero is 0.5 V max and data
1 approx 5 V behind 6 kn.

PROGRAMMING

Input: All instrument functions controllable by closure to
ground within capabilities of DTL micrologic (2- to 6-mA sink
current required), except functions:

Input Threshold: Requires dc voltage of :!:100 mV corre
sponding to desired threshold level.
Display Time: Requires RC circuit to ground.
Nonprogrammable functions: Input attenuator, input act dc
coupling, separate/ common switch, self-test, internal/ ex
ternal control of time-base oscillator, and frequency adjust
ment of time-base oscillator.

SPECIFICATIONS

MEASUREMENT RANGES AND ACCURACY
Frequency: Dc to 35 MHz; l-~s to 10-s counting gate times.
Accuracy, :!:1 count:!: time-base accuracy.
Strobed Period: Period to 10' s less display time «1 ~s to 10
s), measured by counting O.l-~s to 10-s intervals derived from
internal lO-MHz clock. Accuracy, see note.
Single and Multiple Period: 1 to 10' periods measured by
counting internal 10-MHz clock. Accuracy, see note.
Time Interval: 0.1 ~s to 10' s measured by counting O.l-~s to
10-s intervals derived from internal 10-MHz clock. Accuracy,
see note.
Frequency Ratio: 1 to 10'. Frequency "A", dc to 35 MHz, is
measured over 1 to 10' periods of frequency "B", dc to 10
MHz. AccuracY,:!:l count of "A" :!: trigger error of "B" (see
note).
Count: Register capacity, 10'. Events at rates up to 35 MHz
are accumulated between "start" and "stop" commands from
manual panel buttons or, externally from contact closures or
solid-state switches. In "count", storage is automatically dis
abled.

Note - Error in time measurements: :!:0.3% of one period
~ number of periods averaged, for a 40-dB input signal-to
noise ratio. This assumes no noise internal to the counter.
For input signals of extremely high signal-to-noise ratio, the
trigger error in ~s will be <0.0005 ± the signal slope in
V/ ~s. In addition, all time measurements are subject to
the:!: I-count gating error and to time-base accuracy.

INPUT CHARACTERISTICS

Frequency: Channel "A", dc to 35 MHz (3 Hz to 35 MHz ac
coupled); channel "B", dc to 10 MHz (3 Hz to 10 MHz ac
coupled).
Sensitivity: 10 mV rms sine wave, 30 mV pk-pk pulse decreas
ing above 20 MHz to approx 100 mV rms at 35 MHz. Trigger
level variable :!:100 mY.
Attenuator: xl, x10, x100 (0, 20, 40 dB); low-capacitance
10: 1 probe available.
Voltage Rating: Input voltage should not exceed 150 V on xl
or 300 Von x10 or x100.
Impedance (all attenuator settings): Approx 1 Mn shunted by
35 pF. At rear connectors (supplied mounted, unwired), shunt
C increases to approx 70 pF.
Signal Polarity: Front-panel control permits selection of posi
tive- or negative-going signal sense for triggering.
10-MHz TIME-BASE OSCILLATORS
Room-Temperature Oscillator (standard)

Stability: < 2x1Q-' / °C from 0° to 50°C. Drift less than
:!:2x1Q-' per month. With :!:10% line-voltage variation,
< 2x1Q-'.
Manual Adjustment Range: :!:lx1Q-' at rear-panel control.

High-Precision Oscillator (in proportional-control oven) (op
tional)

Stability: <2x1Q-'o/ °C from 0° to 50°C when operated con
tinuously. Drift :!:lx1Q-' per week, approx 1x10-' per day
after 1 month of continuous operation. With :!:1O% line
voltage variation, <2x1Q-'o.
Manual Adjustment Range: :!:lx10--' at rear-panel control.

Time-Base Output: lO-MHz square wave, 2 V pk-pk behind
50 n at rear-panel BNC connector.

Description

1191-8 Counter
Bench Model
Rack Model
Bench Model with Data Output Option
Rack Model with Data Output Option
Bench Model with High-Precision Time-Base Option
Rack Model with High-Precision Time-Base Option
Bench Model with both Options
Rack Model with both Options

1191-Z Counter (500 MHz)
Bench Model with both Options
Rack Model with both Options

P6OO6 Probe, Tektronix Catalog No.
010-0127-00 (not sold separately)

PATENT NUMBER 3,328,564.

Catalog
Number

1191-9710
1191-9711
1191-9712
1191-9713
1191-9714
1191-9715
1191-9716
1191-9717

1191-9904
1191-9905

1158-9600
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1192-8 Counter
• de to 50 MHz; 500 MHz with scaler

• 10-mV sensitivity

• stable time base

• low cost

• optional 5, 6, or 7 digits and data output

• FCC type - approved for a-m, fm, vhf, and tv monitoring

A winner Thanks to efficient Ie design and automated
testing, the 1192-8 costs substantially less than larger
instruments but still provides all their versatility; you re
ceive all five basic measurement capabilities:

• frequency to 50 MHz
• period to a resolution of 0.1 JLs
• time interval to a resolution of 0.1 JLs
• frequency ratio averaged to 10'
• count up to 50 million events per second

With all features retained The 1192-8 is equipped with
an internal crystal time base of exceptionally good stabil
ity. Its input sensitivity is 10 times that of similar units,

328 COUNTERS

and the input circuits provide operator control of trigger
level, coupling, and attenuation for greater immunity to
input noise and greater adaptability to unusual signals.

The clear, bright readout includes the units of measure
ment, an automatically positioned decimal point, and in
dicators for signal-counting and spill. The measurement
modes are controlled by simple unambiguous pushbut
tons and gate times are set by a single control. Internal
storage permits the readout to display only the final re
sult but can be disabled to permit you to see the actual
counting process.

A second input channel permits the measurement of
normalized frequencies by the insertion of an external
time base of arbitrary frequency. Time interval and count
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measurements can be externally controlled by a variety
Qf signals and, with auxiliary connections, time-interval
range can be extended, the time-base can be phase
locked to an external standard frequency and internal
standard frequencies can be brought out.

-
I ,

1192-Z 500-MHz Counter_

Plus tailored performance Options permit a broad se
lection of the right model for your application: If 5-digit
precision isn't adequate, choose 6 or 7. If data output is
required for system use and automatic data reduction,
order option 2. If it is to be mounted with other instru
ments, select a rack model. If pink panels and chartreuse
knobs are called for, you may be out of luck but, if meas
urements to 500 MHz are necessary, use the 1192-Z.

Up to 500 MHz In combination with the 1157-B
Scaler, the 1192-B frequency range is extended to 500
MHz. Both units, mounted side by side, are completely
assembled as the 1192-Z Counter. They can be supplied
as either bench or rack models with all the selection of
digits and options available in the 1192-B alone.

1158-9600

Catalog
Number

(Describe
exactly as
shown at
the left.)

Description

1192-Z SPECIFICATIONS
Same as 1192 except:
Frequency: DC to 500 MHz.
Input to 1157-B Scaler above 50 MHz: SENSITIVITY: 100 mV
rms, 300 mV pk-pk. MAXIMUM SIGNAL: 7 V rms (l W). IM
PEDANCE: 50 fl, ac coupled.
Power: 100 to 125 and 200 to 250 V, 50-400 Hz, 36 W max.
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 17x3.88x14 in. (432x98x356 mm); rack, 19x3.5x
12.75 in. (483x89x324 mm). WEIGHT: Bench, 15 Ib (7 kg)
net, 20 Ib (9 kg) shipping; rack, 16 Ib (8 kg) net, 21 Ib (10
kg) shipping.

urement is in progress. MEASUREMENT RATE: Time between
measurements adjustable from 10 ms to > 10 sand 00.

STORAGE: Display and Spill lamp can be either stored or not,
as controlled by rear pushbutton.
Data-Output Option 2: Fully buffered 8-4-2-1 BCD signals at
standard DTL levels (logic 0 ,;; +0.5 V, logic 1 = +3.5 to +5 V
behind 6 kfl) available at rear 50-pin type 57 connector.
Time Base: FREQUENCY: 10 MHz. STABILITY: < ±1.5 X 10-<1
month. Room-temperature crystal coefficient, < ±3 x lO-'/oC
from 0 to 55°C. Total deviation from frequency at room tem
perature, < ±5 X 10-< from 0 to 55°C. With 10% line-voltage
variation, < ±2 x IO--S. MANUAL ADJUSTMENT RANGE: ±1 X
10-5 with internal control. INTERNAL PHASE LOCK: Time
base oscillator can be locked to external standard frequencies
at 1 MHz and 100 kHz of ;;. 100 mV rms into 10 kil. Lock
range> ±1 x 10-5. OUTPUT: 100 kHz, and 1 MHz.
Environment: TEMPERATURE: 0 to +55°C operating, -40 to
+75°C non-operating. HUMIDITY: 95% RH and +40°C. VI
BRATION: 0.03 in. from 10 to 55 Hz. BENCH HANDLING:
4 in. or 45° (MIL STD-810A-VI). SHOCK: 30 G, 11 ms.
Available: 1157-B Scaler to extend frequency range to 500
MHz, data printer, digital-to-analog converter, GR digital ac
quisition equipment, 1158-9600 10:1 low-capacitance probe.
Power: 100 to 125 and 200 to 250 V, 50-400 Hz, 22 W max.
Mechanical: Convertible-bench cabinet. DIMENSIONS (wxhx
d): Bench, 8.5x3.88xI2.6 in. (216x99x320 mm); rack, 19x
3.5xI2.6 in. (483x89x320 mm). WEIGHT: Bench, 8.4 Ib (3.9
kg) net, 10.6 'Ib (4.9 kg) shipping; rack, 11 Ib (5 kg) net, 15
Ib (7 kg) shipping.

1192-8 Counter (50 MHz)
Bench Model*
Rack Model*

1192-Z Counter, with scaler (500 MHz)
Bench Model*
Rack Model*

Select one of the follOWing options
5-Digit Readout
6-Digit Readout
7-Digit Readout

Select the following option, if desired
OP2 Data Output, BCD

Accessory available with counter
Probe (10:1, low capacitance); not sold separately;
same as Tektronix P6006, 010-0127-00

*Your order must specify 5, 6, or 7 digits.

, Patent Number: 3,328,564.

B Input

10 kl1#,20 pF

negative-going
none

50 Hz to 10 MHz

400 V dc, 80 V rms

1 V rms, 50 to 400 Hz
100 mV rms to 10 MHz

fixed

A Input

Sensitivity

Maximum
signal

Frequency

Trigger level

slope
Attenuator

Impedance

SPECIFICATIONS
Frequency Measurements: DC to 50 MHz; 100-Its to 10-s
counting gate times; displays Hz, kHz, MHz units with posi
tioned decimal point. ACCURACY: ± 1 count ± time-base
accuracy.
Period Measurements: O.I-ILs resolution; single and multiple
period of 10'; displays ms, ILS, ns units with positioned deci-'
mal point; counts 10-MHz time base, 1 MHz, and 100 kHz.
ACCURACY: Depends on signal-to-noise ratio of input signal,
input noise, and ± I-count error -7- number of periods counted
(see note).
Frequency Ratio Measurements: 1 to 10'. Frequency A, dc to
50 MHz, is measured over 1 to 10' periods of frequency B, 50
Hz to 10 MHz. ACCURACY: ± 1 count of A ± trigger error of
B -7- number of ratios counted (see note).
Time Interval and Duration Measurements: TIME INTERVAL:
0.1-, 1-, or 10-Its resolution measured by counting 10-, 1-, or
O.I-MHz signal from internal clock; displays ms with posi
tioned decimal point. Interval measured is between separate
commands applied to START and STOP BNC connectors
on rear. PULSE LENGTH: Measures duration of pulse ap
plied to START connector with STOP connector grounded.
Storage is disabled in this mode. Counter will also total many
time intervals. ACCURACY: ± 1 count ± time-base accuracy.
Count Measurements: Register capacity, '10', 10" 10' depend
ing on version. Events at up to 50-MHz rate accumulated be
tween startl stop commands from manual panel button or by
separate start and stop commands applied to rear BNC con
nectors, or only during start command with stop connector
grounded. Counter will also totalize all events during many
openings of the gate.
NOTE: Trigger error in time measurements: ± 0.3% of one
period -7- number of periods averaged, for a 40-dB input signal
to-noise ratio. This assumes no noise internal to the counter.
For input signals of extremely high signal-to-noise ratio, the
trigger error in itS will be < 0.0003 -7- signal slope in VI its.

dc to 50 MHz
(3 Hz to 50 MHz

ac coupled)
10 mV rms to 20 MHz
20 mV rms to 35 MHz
30 mV rms to 50 MHz
adjustable ± 0.1, 1, 10,
or 100 V depending on
attenuator setting
negative-going
Xl, XlO, X100, X1000

(0, 20,40, 60 dB)
400 V pk ac or dc, ex
cept 300 V when dc
coupled at 1:1 atten.

1 Ml1#,27 pF
(10 Ml1#,7 pF
with probe)

Start/Stop Inputs: Closure to ground at 6-mA max sink or
pulse with logic 0 of < +0.3 and logic 1 of> +2-V levels and 1
W max into 50 fl, or pulse of -7 and +12 V dc or ± 70 V for
short, 1% duty ratio.
~ata Presentation: DISPLAY: 5, 6, or 7 digits; long-life, high
Intensity neon readout tubes with automatically positioned
decimal point and measurement dimension; Spill lamp lights
if register capacity exceeded; Count lamp lights when meas-
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938 Binding Posts
• wide selection

• gold-plated copper for low thermal emf or
nickel-plated brass for economy

• four colors in metal and plastic

• excellent electrical characteristics

The excellent electrical properties and ingenious me
chanical design of the GR 938 Binding Posts provide all
the properties needed for modern electronic instruments.
Two styles are available: NiCkel-plated brass for economy,

and gold-plated copper for high conductivity and low ther
mal emf with connection to copper wires. Both styles are
available with either metal or insulated tops designed for
easy hand-tightening, or 3fs-in., 12-point wrenches can be
used for more permanent connections. The polycarbon
ate insulation has high insulation resistance and low
dissipation factor and is available in red and black, for
color coding.

These binding posts can be mounted on metal or non
conducting panels of any thickness up to 0.32 in. (8 mm).
There is 0.52-in. clearance between panel insulators
when binding posts are mounted at standard spacing,
0.75 in. (19 mm) between centers. Mechanical details
and methods of connection are shown in the drawings.

Jack-top The hollow binding post doubles as a ba
nana jack, allowing secure connection even while the nut
is loose or clamped onto a wire. The binding post has the
same height above a panel as the nonlocking GR874®
coaxial connector, the center contact of which will also
function as a banana jack. Therefore, a grounded bind
ing post spaced 0.75 in. from a GR874 connector makes
a useful combination that will receive either a GR874
connector or a 274-MB double banana plug.

Versatility There is practically universal compatibility
among the banana plugs and jacks in the 274-,777-, and
938-series and adaptors such as 874-MB, -02, -010, and
900-09. Contact resistance, plug to jack, is typically
about 1 mil.

Methods 9f Connection

Standard
telephone tip

Mechanical Details

QBanana plug m istabilized by ~
Shoulder I

when fully inserted.TFor metal·top
binding post only. 0

Plug enters Slender
binding post body alligator clip

! assuring contact even !fits inside jacktop .
when nut IS loose. of all binding

posts.

2>=1
Spade terminal TClamps
with l:(" throat all wire size~

will clamp up to No. I'll
under nut. without cutting.

POLYCARBONATE HOLLOWED
TO MINIMIZE SOLID
DIELECTRIC

5/

Ot05/8 ~

~

~ 9/J6~~DIA
@'l:!! iflJ'l:!! 4t27llR1LL

1/4"SQUARE ANTI-
ROTATIONAL SOCKET

1/4"SQUARE ANTI- TIN-COATED
ROTATCJONAL SOLDERING TURRET

jY FLA~NGE 0 to 5/'1 ~ 1-1/8MAX

• f-5/8..j

5/3210 11/16L~_'· ~ _HOLE

~
0.100

METAL OR i6' DIA
INSULATING I 1. I.LM

PANELS 16 8

9/32DIA 6-=t·:~1=·)4DIAto II
832

3/8" 12-POINT
BOX WRENCHES CAN

8E USED
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Locking keys in %-inch mounting holes can be omitted if only moderate resistance to rotation is needed.
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938 Binding Posts
Gold-Plated Copper Binding-Post Assembly

Three general types: With colored top for insulated finger
grip, metal top for exterior clip-on connection, and uninsulated
for panel (ground) connection. Refer to sketches for methods
of connection. Gold-plated copper assures high conductivity
and low thermal emf with copper wire. Jack top receives
banana plug.

Peak Ratings: Up to 4 kV and 30 A. BREAKDOWN: 10 kV pk.
Dissipation Factor, at 1 kHz: < 0.0005.
Mechanical: DIMENSIONS: (see sketches). NET WEIGHT:
colored top, 0.5 oz (14 g); metal top and uninsulated, 0.65
oz (18 g).

Description
Catalog
Number -HB -GB -GM

938 Binding.Post Assembly, Copper:
938-HB with black top and insulators
938-KR with red top and insulators
938-GB with metal lop, black insulators
938-GR with metal top, red insulators
938-GM un insulated, with toothed spacer

0938-9852
0938-9855
0938-9842
0938-9845
0938-9834

Brass Binding-Post Assemblies

Nickel-plated brass, for strength and economy, otherwise
like the gold-plated versions. Three general types: With tol
ored tops for insulated finger grip, metal top for exterior clip
on connection, and uninsulated for panel (ground) connection.

Peak Ratings: Up to 4 kV and 30 A. BREAKDOWN: 10 kV pk.
Dissipation Factor, at 1 kHz: <0.0005.
Mechanical: DIMENSIONS: (See sketches). NET WEIGHT:
colored top, 0.4 oz (11 g); metal top and uninsulated, 0.5 oz
(14g).

.p-W-WB0938-9872
0938-9882
0938-9743
0938-9728
0938-9727

938 Binding·Post Assembly, Brass:
938-WB with black top and insulators
938·WR with red top and insulators
938-W with metal top, black inSUlators
938-R with metal top, red insulators
938-P, un insulated, with toothed spacer

Binding Posts

Jack-top binding posts, with top nuts for the primary clamp
ing function, with mounting nuts and washers, but without
pane.! insulators or toothed spacers. Gold-plated copper or
nickel-plated brass.

Mechanical: NET WEIGHT: 938-A, -H, oK, 0.4 oz (11 g); -C,
-D, 0.3g (9 g); -G, 0.55 oz (16g).

938 Binding Posts:
938-H Black top, copper
938-K Red top, copper
938-G Metal top, copper
938-C Black top, brass
938-0 Red top, brass
938-A Metal top, brass

0938-9708
0938-9711
0938-9707
0938-9733
0938-9734
0938-9731

I I
,~

I ~

'it ·itLH -G 1-e -A

Binding-Post Accessories

938 Accessories:
938-LG Shorting link, gold-plated brass
938-L Shorting link, nickel-plated brass
938-BB Insulators, black, pair
938-BR Insulators, red, pair
938-YB Double insulators, pair
938-FG Spacer, (toothed) gold-plated
938·F Spacer, (toothed) nickel-plated

Shorting link conveniently makes a direct short circuit be
tween binding posts at standard spacing; remains semi
captive when swung around for open circuit. Panel insulators
or toothed spacers convert any of the plain binding posts to
insulated or uninsulated (panel-grounded) assemblies, respec
tively. Use insulators on both front and rear of panel, spacers
on front only. Insulators have interdigitating bosses, for pan
els a to 0.32 (8 mm) thick. Double insulators hold pairs of
binding posts at 0.75-in. (standard) spacing. Both insulators
(polycarbonate) and spacers (brass) have square holes to
prevent rotation of posts after assembly.

Mechanical: NET WEIGHT: 0.1 oz (3 g) each, except 938-BB
and -BR, 0.1 oz per pair.

=>c
-L -BB -VB -F

0938-9503
0938-9712
0938-9818
0938-9822
0938-9873
0938-9830
0938-9706
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Banana Plugs and Jacks
Insulated Double Plug
Versatile Stackable, with jack top. Accommodates wires,

cables, component leads, etc from either one side or top (up
to 0.2-in. dia through formed strain relief). Metal parts float
- although captive - for self alignment of mating plugs and
jacks, at standard 0.75-in. spacing. Polarity indicator desig
nates plug usually used for inner conductor, "high" side, or
+ polarity of the pair. Fully compatible with GR banana plugs
and jacks, except 274-NK Shielded Double Plug.

Reliable Safety enhanced by enclosure of all metal parts
but the banana pins themselves; even tips of wires are in
sulated. Rugged socket-head setscrews provide secure fas
tening for wires (without tendency to split like slotted screws).
Low-loss molded styrene body.

Convertible Each banana pin is easily removable for con
version from side wiring to top wiring. Wire can be inserted
and clamped with pin in place or removed, as you prefer. Use
0.078-in. hex wrench. Wire diameter up to 0.12 in. (3 mm
or AWG 9) is accommodated.

Peak Ratings: Up to 4 kVand 15 A. BREAKDOWN: 10 kV pk.
Dissipation Factor, at 1 kHz: < 0.0005.
Net Weight: 0.4 oz (11 g).

Description

274-MB Insulated Double Plug

Catalog
Number

0274-9875

Shielded Double Plug
Double plug in an aluminum case tor completely shielded

connections to 938 Binding Posts. Accepts cables up to 0.2
in. diameter. Stepped case permits a 938-L(G) Shorting
Link to be used between low-terminal binding post and a
ground binding post without interfering with proper shielding.
High terminal of double plug remains fully shielded. The
274-NK can be l'Ocked to binding posts; turning a screw ex
pands one pin inside body of the binding post. This plug
terminates the Type 274-NL, 776-A, and 874-R34 Patch Cords.

Peak Ratings: Up to 4 kV and 20 A. BREAKDOWN: 10 kV pk.
Dissipation Factor, at 1 kHz: < 0.0005.
Net Weight: 3 oz (85 g).

Single Plugs
Nickel-plated brass center pin with 4-leaf beryllium copper

spring seats firmly in 274- and 938- series jacks for reliable
contact, typically = 1 mil. All except 274-P have jack top.
Insulated version is like half of double plug (274-MB); pin is
removable; strain relief along side accepts wires up to 0.156
in. (4-mm) dia.

Current Rating: 15 A.
Net Weight: 274-P, -DB, 0.20z (5.5g); -U, 0.3 oz (8.5g).

Nickel-plated brass, for panel mounting. Two lengths, the
longer is available as an assembly with insulators (938-BB,
-BR) or can be used with separate toothed spacers (938-F,
-FG). Mounting hardware supplied.

Current Rating: 15 A.
Net Weight: Assembly, 0.4 oz (11 g); long version 0.3 oz
(8.5 g); short, 0.15 oz (4.2 g).

274-NK Shielded Double Plug

274-Single Plugs
274-DBI Insulated, black
274·DB2 Insulated, red
274-U Jack top
274-P Solid stud top

Jacks

Jacks
938-XB Insulated assembly black
938·XR Insulated assembly, red
938-J Long jack
274-J Short jack
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0274-9877

0274·9454
0274-9455
0274-9721
0274-9716

0938-9877
0938-9878
0938-9710
0274-9710
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Adaptors
Refer also to the 874-MB and 874-Q series of adaptors.

GR874® Connector and Binding Posts

Connects to GR874 coaxial port from double (or 2 single)
274-series banana plug or patch cord. Has versatility of 938
series binding posts.

Net Weight: 2 oz (57 g).

Description

874-Q2 Adaptor

GR874® Connector and Banana Plugs

Fits Type
274 Double-
Plug Patch Cords

Catalog
Number

0874-9870

Connectors to a standard-spaced pair of jack-top binding
posts (938) from GR874® coaxial corinector, with good shield.
ing. Similar to 274-NK plug; can be locked to one post for
semi-permanent installation, by a turn of a screw.

Net Weight: 2 oz (57 g).

BHC Jack and Banana Plugs

Connects BNC cable (plug) to standard pair of jack-top
binding posts, with good shielding. Adaptor will lock to one
post for semi-permanent installation, by a turn of a screw.

Net Weight: 30z (85 g).

777-Q3 Adaptor

274-QBJ Adaptor

,.-.----r", ,
, I
, It. ....,

r----
...._---

0777·9703

Fits standard
%-in.-spaced
binding posts

0274-9884

BHC Jack and Phone Plug

Connects BNC cable (plug) to phone jack.
Net Weight: 2 oz (57 g).

777-Q4 Adaptor 0777-9704

Patch Cords and Power Cords
(Refer also to the 874-R series of coaxial patch cords; they have superior SWR
and other characteristics of value at high frequencies.) .

Shielded Banana Plugs with Cable and BHC Plug

50-a cable connects between jack-top binding-post pair
and BNC jack, with good shielding. Can be locked in place.
(Refer to description of 274-NK Shielded Double Plug.)

Mechanical: LENGTH: 3 ft (920 mm). PLUG SPACING:
0.75 in., standard(l9 mm). NET WEIGHT: 3 oz (85 g).

77(;A Patch Cord

BHe Plug with Cable and GR874® Connector

50-a shielded cable connects between BNC jack and
GR874 coaxial connector. The GR874 end has the space
saving hammerhead shape (axis perpendicular to cable), so
convenient when your cable runs parallel to the instrument
panel.

Mechanical: LENGTH: 3 ft. (920 mm). NET WEIGHT: 3 oz
(85g).

77(;B Patch Cord
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BNC Plugs with Cable

50-n shielded cable connects between BNC jacks (popular
panel-mounted connectors).

Mechanical: LENGTH: 3 ft (920 mm). NET WEIGHT: 2 oz
(57 g). Description

776-C Patch Cord

Catalog
Number

0776-9703

Shielded Double Banana Plugs with Cable

Fully shielded cable and connectors plug conveniently into
pairs of 938 binding posts at standard spacing. Can be locked
in place. (Refer to description of 274-NK Shielded Double
Plug.)

Mechanical: LENGTH: 3 ft (920 mm). NET WEIGHT: 60z
(170 g).

r----', ., ., ', '
: :/.l. ~\

t----:, ,
: :

274-NL Shielded Double-Plug Patch Cord 0274·9883

Banana Plugs with Cable

Shielded wire with double plugs is ideal for jack-top binding
posts at standard spacing; single-conductor with single plugs
fits any banana jack - 938- and 274-series, 874-Q2, -MB, etc.
Right-angle (hammerhead), "in-line, and single versions are
stackable in any sequence. Plugs fit firmly in jacks for me
chanical stability (not dependent 'On springs); contact re
sistance, about 1 mn. Double plugs have polarity indicator,
corresponding to inner conductor of cable. Plug bodies are
molded cellulose-acetate-butyrate for outstanding durability;
the individual pins of the double plugs are, in addition, first
encapsulated in polystyrene for superior insulation. Single
versions, wire size: 18 AWG.

Mechanical: LENGTH: 3 ft (920 mm). NET WEIGHT: Double,
3 oz (85 g); single, 1.5 oz (43 g).

~.~

Slackable .'

0274·9860
0274·9880
0274·9468
0274·9492

Catalog
Number

Banana·Plug Patch Cords
274·NQ Double, in-line
274·NP Double, right-angle
274·LLB Single, black
274-LLR Single, red

Description

Power Cords

For special requirements, you can cut off the hammerhead
connector and replace it with your own.

Ratings: 125 V, 7 A. WIRE SIZE: No. 18 AWG.
Mechanical: LENGTH: 7 ft (2.13 m). NET WEIGHT: 7 oz
(0.2 kg).

Well insulated power cable has connector bodies molded
integrally with jacket. Will connect from standard power-line
outlet to instrument or other electrical device. Similar cables
can be stacked with their hammerheads engaged (to accom
modate several loads); 2 or more CAP-22 or CAP-35 cords can
be connected in series to reach 14 ft or more. Both 2- and
3-wire versions. Socket at load end of 2-wire version fits
either 2-pin plug or 2 flat pins of CAP-22.

3·wire versions At power-source end, these cords have 1
round and 2 flat pins, as well as the corresponding socket.
This connector is designed for 125-V operation, conforming
to the standard for "Grounding Type Attachment Plug Caps
and Receptacles," ANSI C73.11-1963. Cord is type SVT, rated
by Underwriters Laboratories for 300 V, 7 A rms. At the load
end, CAP-22 has a similar socket, permitting series con
nection.

International At the load end of the IEC version, however,
the socket fits 3 flat pins, conforming to the International
Electrotechnical Commission's Publication 320. The design
has been adopted world-Wide for electronic instrumentation
and is rated for 250 V, 6 A. Other advantages are convenience
and safety (the instrument plug is recessed or shrouded).

IEC Power Cord, 3·wire
CAP·22 Power Cord, 3-wire
CAP·35 Power Cord, 2-wire

4200·9625
4200-9622
4200·9635
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970-Series Potentiometers
These potentiometers are moderately priced controls

with high-quality performance. They can be used at dc,
throughout the audio- and ultrasonic-frequency ranges,
and, in many applications, at low radio frequencies. When
ganged, the 970-Series Potentiometers retain their low-

capacitance characteristics. Units are designed to be
nested with molded spacing rings, stacked on a long
shaft, and held together with thin metal clamping rings
and tie rods. This assembly allows units to be set in any
desired phase relationship.

Simple mechanical adjustment
Excellent mechanical stability
Excellent Repeatability

Projecting hub perm its adjustment of 2
shaft with respect to contact brush
while case is closed. Hub rotates in a re
cessed brass insert molded into cover to
form a metal-to-metal bearing close to
plane of brush.
A second bearing is provided by a
nylon-graphite insert to guide shaft in- 4
to base.

High leakage resistance
Low capacitance to ground

Glass-reinforced-polyester shaft 7
New diallyl-ohthalate dust-proof cover 1

New diallyl-phthalate body 3

High resolution

Small-diameter brush of precious-metal 9
alloy
High reliability
Turret terminals are both riveted to end
of clamps and soldered to ends of wind- 6
ing and to silver-plated, spring-bronze can·
tact take-off in cover so that none of the
fixed internal connections depends on pres
sure alone.
Brush arm and spring are combined
into a single stamping of spring-tem- 10
per phosphor-bronze.
Screw that holds cover to base passes
through a horseshoe-shaped slot in 8
brush arm to serve as a rotational stop that
exerts no force on brush.

5
9

10

Excellent linearity
Low temperature coefficient
Low inductance

UnitormlY wound, low-temperature- co
efficient resistance element on a thin, 5
phenolic-laminate mandrel firmly
cemented into body molding.
Low noise

Firm clean track

Precious-metal contact

Uniform contact pressure

,/)(

(All dimensions in inche.s)

971

Wt: Approx ¥2 oz (14 g)

973
2 HOLES
6-32 TAP

~..!m:.'-
; 13 5 I I,L,l,.Jl L'7J

I ~DIA_

Wt: Approx 1 oz (28 g)

Type

971·8 <S
971-C
971-0
971-E

971·F <S
97106
971·H <S
971·J <S
971-K ~

971-L ~
971-M <S
971·N <S
971-P ~

973-C
973·0 ~
973-E <S
973·F
973-G ~
973-H <S
973·J ~
973·K

973-L <S
973-M
973-N <S
973-P ~
973-Q ~

Nominal Te~erature
Resistance Cae icient of Reso- Catalog

Ohms Resistance lution Number

2 ±0.07% <1% 0971·9702
5 ±0.07 <1 0971-9703

10 ±0.002 <1 0971·9704
20 ±0.002 <1 0971-9705

50 ±O.002 <0.5 0971·9706
100 ±0.002 <0.5 0971-9707
200 ±0.002 <0.5 0971-9708
50.0 ±0.002 <0.5 0971·9710

1000 ±0.002 <0.5 0971·9711
2000 ±0.002 <0.5 0971-9712
5000 ±0.002 <0.2 0971-9713

10,000 ±0.002 <0.2 0971-9714
20,000 ±0.002 <0.2 0971-9716

5 ±0.07 <0.5 0973·9703
10 ±0.07 <0.5 0973-9704
20 ±0.002 <0.5 0973-9705
50 ±0.002 <0.5 0973-9706

100 ±0.002 <0.5 0973·9707
200 ±0.002 <0.5 0973-9708
500 ±0.002 <0.2 0973-9710

1000 ±0.002 <0.2 0973·9711

2000 ±0.002 <0.2 0973-9712
5000 ±0.002 <0.2 0973-9713

10,000 ±O.002 <0.1 0973-9714
20,000 ±0.002 <0.1 0973-9716
50,000 ±0.002 <0.1 0973-9717

975

Wt: Approx 3 oz (85 g)

975-J ~ 500 ±0.002 <0.2 0975-9710
975-K 1000 ±0.OO2 <0.2 0975-9711
975-L ~ 2000 ±0.002 <0.2 0975-9712
975-M ~ 5000 ±0.002 <0.2 0975-9713
975-N 10,000 ±0.002 <0.1 0975-9714
975-P ~ 20,000 ±0.002 <0.1 0975-9716
975-Q <S 50,000 ±0.002 <0.05 0975-9717
975-R ~ 100,000 ±0.002 <0.05 0975-9718

Power Rating at O°C ambient temp'
Effective Total Standard Average
Electrical Mechanical Resistance Torque Independent Mounted on Suspended

Type Rotation Rotation Tolerance oz/in. Linearity Alum Panel in Air

971 315° ± 5° 330° ± 5° ±5% 1.8 ±2% 5.6W 3.5W
973 320° ± 5° 330° ± 5° ±5% 2.5 ±1% 8AW 5.9W
975 320° ± 2° 330° ± 5° ±2% 4 ±0.5% 13.4W 10.7 W

• Power rating decreases linearly with rising ambient temperature to zero at 100°C.

~ Federal stock numbers are listed before the Index.
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., .
Types 1218-BV and 1267 shown rack-mounted with 0481-9846 Rack-Adaptor Set.

Rack Adaptors and Sets
Listed below are the instrument-panel extensions and

hardware, supplied in complete sets, for converting
bench-model instruments for mounting in standard 19
inch relay racks. In many cases, these instruments are
offered in a choice of rack or bench mountings and should
be ordered initially according to mounting requirements,
as complete cabinets and hardware are included. When

1232-A I
5"'" 0480·9838

1232·A + 1311 5"'" 0480·9836
1232·A + 1232-P1 + 1311 5"'" 0480-9837

1236 7 0480·9848
1236 with oscillator see 1241's

1240·A 5'14 0480·9836
1240-AP

I
5'14 0480-9837

I
1241·9701, 1241·9703 7 0480-9670
1241·9705 14 0480-9671

and ·9848

II
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retrofitting is necessary, the adaptors below should be
ordered.

Instruments missing from this list may require more
extensive changes than can be done by simple kits or
may be unavailable for rack mounting other than by spe
cial order. In these cases, a General Radio Regional
Center or representative should be consulted.

1433 4-dial 3'12 0480·2080
5-dial 3'12 0480·2060
6-dial 3'12 0480·2020
7-dial 5"'" 0480-2091

1436 1 3'12 0480·9722

-1455 4-dial

I
3'12 0480-2060

5-dial 3'12 0480-2020

1491 8'¥1 0480·9705
I

1560·P62
I

3'12 0480·9742

1840-A : 3'12 0480·9822
.1
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Cabinets and Mounting

General Radio instrument cabinets are rugged, attrac
tive, and versatile. Heavy-gauge aluminum and tough fin
ishes combine to' keep GR instruments operating and
looking like new through many years of hard service.

We use five basic cabinet types: (1) Pedestal cabinets,
for bench mounting of instruments with a standard 19-

inch-wide panel, (2) rack cabinets, for installation in
standard racks, (3) Flip-Tilt cases*, for portable instru
ments, (4) convertible-bench cabinets, for smaller lab
oratory instruments, and (5) lab-bench cabinets, for
laboratory standards, decade boxes, and similar instru
ments.

* Patent Number 2,966,257.

Rack or Bench Instruments

General Radio instruments with 19-inch-wide front
panels are supplied in a choice of mounting for either
relay-rack installation or for use on a bench where port
ability counts. All cabinets, whether for rack or bench
use, are effective shields preventing mutual interterence
with other nearby instruments.

Newer instrument models are mounted in either a
"pedestal" cabinet for bench use or a "rack" cabinet,
each specifically designed for its particular function. The
pedestal cabinet raises the instrument slightly on a re
cessed pedestal that provides a handhold for lifting. In
smaller instruments, the pedestal is the base for a tilting
mechanism and, inside, provides storage space for in
struction manuals and small accessories. For convenient

carrying, larger instruments and assemblies in the pedes
tal cabinet have hinged heavy-duty handles recessed into
the sides near the top of the cabinet. Slides in both ped
estal and rack cabinets permit easy removal for servicing.
The rack cabinet has all the provisions for mounting the
instrument in a standard 19-inch relay rack with universal
mounting-hole spacing per EIA Standard RS-310 and in
cludes rear-support brackets as well.

Flip-Tilt Cases
General Radio's exclusive Flip-Tilt case includes three

main parts: the instrument cabinet, a captive cover, and
a carrying-handle and lever assembly. In use, the instru
ment sits on its cover as a base. To open the cabinet, you
push down on the carrying handle. The lever action of
the handle raises the cabinet from the cover. -The cabinet

Flip-Tilt case in one of its many operating
positions. Rubber gasket provides friction
to allow almost any tilt angle.

CABINETS 339

Rack Cabinet

Pedestal Cabinet
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is then easily flipped into position for operation. The
operating position may be fully open or tilted at almost
any angle. A rubber seal around the edge of the cover
provides friction to hold the cabinet in a tilted position.
When the instrument is closed, the same gasket provides
a seal for the enclosure. Accessories and instruction
manual are conveniently stored in the Flip-Tilt cover.

Certain Flip-Tilt instruments are also available in stan
dard relay-rack cabinets; most other Flip-Tilt instruments
are available adapted for rack mounting. In such adapta
tions, the Flip-Tilt case (minus cover and handle) is neatly
and securely mounted in a relay-rack adaptor panel.
Convertible-Bench Cabinets

Small and medium-sized instruments commonly used
on the bench are housed in GR's unique convertible
bench cabinet, designed primarily for the bench but offer
ing quick relay-rack adaptability.

The convertible-bench cabinet is made of sturdy alumi
num finished in GR medium gray wrinkle. The dust cover
can be readily removed.

Instruments with panel meters can be tilted to a con
venient angle.

Conversion for relay-rack mounting is easy: simply
attach matching panel extensions by means of screws
to the instrument and to the relay rack.

...... 7

..
.-. _ ,I I

:l=""'W"'"~

r
Convertible-bench instruments tilt on extendible bails for
easy viewing of front panels. Panel extensions are used
for rack mount.

340 CABINETS

lab-Bench Cabinets

Lab-bench cabinets are simple enclosures used pri
marily for laboratory standards and decade boxes. Two
U-shaped pieces of lfa-inch extruded aluminum are strip
locked together to form the sides; an aluminum bottom
plate and ~6-inch aluminum panel complete the enclos
ure. The result is a cabinet well shielded, structurally
solid, and efficiently manufactured.

Other Cabinets
While most General Radio instruments are housed in

the five cabinets described above, several other types of
mounting are used to serve the special demands of par
ticular instruments. These range from the pocket-sized
cases used for certain portable sound-measuring instru
ments to the specialized structures of a slotted line or an
admittance meter.

Accessory mounting hardware, such as end frames,
relay-rack supports, and relay-rack adaptor panels, may
be ordered separately if you wish to convert from one type
of mounting to another. Many of these accessories are
listed along with the related instruments; there is a cat
alog page listing rack adaptors. Further information on
such hardware, dimensions, etc, is available on request.

,.

This precision capacitor is given the excellent shielding and trim ap
pearance of the lab-bench cabinet, characterized by the strip-locked
sides (as shown at the right in the photograph)_
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Definitions of Mechanical Specifications

Dimensions
All dimensions are over-all, except depth of rack models,
and are given in decimal inches and millimeters (l in.
= 25.4 mm).

Bench Instruments
Width: Includes panel and
cabinet.
Height: Includes pedestal or
feet.
Depth: Includes any protru
sions on front and rear panels.
Does not include cable clear
ance (usually about 3 in. or
77 mm).

Portable Instruments
Width: Case closed; includes
handle or other protrusions.
Height: Includes handle and
feet, if any.
Depth: Over-all.

Rack Instruments
Width: Includes front panel
only.
Height: Includes front panel
only.
Depth: Behind rear surface of
front panel; includes any pro
trusions on rear panel but does
not include cable radii (usually
'about 3 in. or 77 mm), nor any
protrusions on front panel.

Unusual Shapes
All dimensions are maximum,
including any protrusions, but
excluding cords or cables.

tlt"cl~

~
Weight
All weights are in ounces or pounds and grams or kilo
grams (l OZ =28.35 gj 1 Ib = 0.454 kg).

Net Weight: Net weight in
cludes the weight of the instru
ment and its cabinet, including
any rack-mounting hardware.
Where options are listed for an
iilstrument, the net weight is
the weight for an instrument
containing the heaviest com
bination of options.
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Shipping Weight: Shipping
weight includes the net weight
of the instrument plus the
weight of all accessories sup-~..v""l""

plied, power cord (if any), and
packing materials required for
shipment in the U. S. and
Canada.
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Reactance Chart
Always use corresponding scales

I M \l -f---joE-*---l----l-

I fl--l---'~----,,*-+--+-

1 Hz

1 MHz

10 Hz

10 MHz

100 Hz

100 MHz

1 kHz

1 GHz

10 kHz

10 GHz

100 kHz

100 GHz

1 MHz

1000 GHz

10 MHz

Frequency
FIGURE 1

Figure 1 is the complete chart, used for rough calculations.
Figure 2, which is a single decade of Figure 1 enlarged ap
proximately 7 times, is used where two or three significant
figures are to be determined.
To Find Reactance

Enter the charts vertically from the bottom (frequency) and
along the lines slanting upward to the left (capacitance) or
to the right (inductance). Corresponding scales (color or
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black) must be used throughout. Project horizontally to the
left from the intersection and read reactance.
To Find Resonant Frequency

Enter the slanting lines for the given inductance and ca
pacitance. Project downward and read resonant frequency
from the bottom scale. Corresponding scales (color or black)
must be used throughout.
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Reactance Chart
Always obtain approximate value from Figure 1 before using Figure 2

8 9 10765
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IJ'

P\/
I'\,

':Xv
Xx ). V ><

><"
A

)(1)

1'\

~<o ~ ~~

Capacitance
I-----.I,--~,t ~

3

4

Q)
U
C
tV-U
tV
Q)

a:

Frequency

FIGURE 2

Example: The point indicated in Figure 1 corresponds to a
frequency of about 700 kHz and an indu<;:tance of 500 JLH ,
or a capacitance of 100 pF, giving in either case a reactance
of about 2000 ohms. The resonant frequency of a circuit
containing these values of inductance and capacitance is, of
course, 700 kHz, approximately.
Use of Figure 2

Figure 2 gives additional precision but does not place the
decimal point, which must be located from a preliminary entry
on Figure 1. Since the chart necessarily requires two logar-

ithmic decades for inductance and capacitance for every
single decade of frequency and reactance, unless the correct
decade for Land C is chosen, the calculated values of reac
tance and frequency will be in error by a factor of 3.16. In
Figure 2, the capacitance scale is color; inductance scale
is black.

Example: (Continued) The reactance corresponding to 500
JLH or 100 pF is 2230 ohms at 712 kHz, their resonant fre
quency.
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Abbreviations, Symbols and Prefixes

In this catalog, as in other General Radio publications, our use of symbols, pre
fixes, and abbreviations follows the recommendations of the International Elec
trotechnical Commission, the American National Standards Institute, Inc., the
Institute of Electrical and Electronics Engineers, and other scientific and engineer
ing organizations. Where there is not agreement among these groups, we generally
choose the usage favored by the majority.

ABBREVIATIONS AND SYMBOLS ho open·circuit output
admittance

h, reverse voltage·transfer
a atto (10- 18) ratio
A ampere Hz hertz (cycle per second)

A ang~trom HTL hearing threshold level
ac alternating current
afc automatic frequency control I current

a-m amplitude modulation IC integrated circuit
ID inside diameter

ANSI American National Stand- IEC International Electro-
ards Institute, Inc. technical Commission

APS American Physical Society IEEE Institute of Electrica I and
ASA Acoustica I Society of America Electronics Engineers
ASTM American Society for i-f intermediate frequency

Testing and Materials in. inch
avc automatic volume control ISA Instrument Society of
avg average America

ISO International Standards
B susceptance Organization
bar bar (10SN/m 2)

-F1BCD binary-coded decimal
joule

c speed of light, centi (10-2)
C capacitance, coulomb k kilo (10')

°C degrees Celsius (Centigrade)
oK degrees Kelvin

cd candela I liter (lo-' m')
CIF cost, insurance, freight L inductance
CML current-mode logic Ib pound
COD cash on delivery LC inductance-capacitance
cw continuous wave 1m lumen

d deci (la-I) log logarithm

D dissipation factor Ix lux

da deka (10) m meter, milli (10")
dB decibel M mega (l06)
dBm decibel referred to one max maximum

milliwa,tt
mbar millibar

dc direct current mil 0.001 inch
DCTL direct·coupled transistor min mini~um, minute

logic
mo month

dia diameter
DTL diode-transistor logic n nano (10.9)

DUT device under test N newton

electronic charge oz ouncee
E voltage p page, parallel (as Lp),
EIA Electronic Industries pico (10. 12)

Association P poise (10-SN • sl m2)
emf electromotive force PF power factor

F farad, Faraday
ppm parts per million

OF degrees Fahrenheit pps pu Ises per second

f frequency, femto (la-IS)
pk-pk peak-to-peak

fm frequency. modulation PRF pulse repetition frequency

FOB free on board Q quality factor (storage
factor)

G conductance, giga (109)

g gram, gravitational constant R resistance
gm transconductance ® registered trademark

rad radian
H henry RC resistance-capacitance
h hour, Planck's constant, RCTl resistor-capacitor-transis-hecto (102) tor logic
hf high frequency re referred to
hI forward current-transfer rf radio frequencyratio
h: short-circuit input imped- RH relative humidity

ance rms root-mean-square
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rpm revolutions per minute
RTL resistor-transistor logic

s second, series (as L.)
shf super-high frequency
sq square
sync synchronous, synchronizing

T period, TesJa, tera (10 12 )

t time
TIL transistor-transistor logic
TSA times series analysis

uhf Ultra-high frequency

v velocity
V volt
VA volt ampere
vhf very-high frequency
vlf very-low freq uency

W watt
Wb Weber
wt weight

X reactance
y admittance
yr year
Z impedance

u short-circuit forward cur-
rent-transfer ratio
(common base)

~ short-circuit forward cur-
rent-transfer ratio
(common emitter)

r reflection coefficient
!J. increment

b loss angle

8 phase angle
~ wavelength

JJ. micro (10-6)

Q ohm

U mho

'" angular velocity (2)tf)

PREFIXES

Orders of magnitude from 10-18 to 10"
are designated by the following pre-
fixes:

Order Prefix Symbol

1012 tera T
10' giga G
106 mega M

10' kilo k
102 hecto h
10 deka da
10- 1 deci d
10-2 centi c
10-' milli m
10-· micro II-
10-' nano n
10-12 pico p
la-IS femto f
10'18 atto a
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NdB = 20 log,ot .

and

Decibel Conversion Tables

In communications systems the ratio between any two
amounts of electric or acoustic power is usually expressed
in units on a logarithmic scale. The decibel (l/10th of
the bel) on the briggsian or base-10 scale and the neper
on the napierian or base-e scale are in almost universal
use for this purpose.

Since voltage and current are related to power by im
pedance, both the decibel and the neper can be used to .
express voltage and current ratios, if care is taken to
account for the impedances associated with them. In a
simi lar manner the corresponding acoustical quantities
can be compared.

From Table I and Table II on the following pages con
versions can be made in either direction between the
number of decibels and the corresponding power, voltage,
and current ratios. Both tables can also be used for
nepers by application of a conversion factor.

Decibel - The number of decibels NdB corresponding
to the ratio between two amounts of power P, and P, is

N.. = 10 log,o ~:
When two voltages E, and E, or two currents I, and I,

operate in identical impedances,

N
E,

• dB = 20 log,o Land

If E, and E, and I, and I, operate in unequal imped
ances,

E, 0 Z, 10 I k,
NdB = 20 log,o L + 1 10g,oT + og,o k;

I, Z, 10 I k,
NdB = 20 log,o h + 10 10g'0"L + og,o \(,"" ,

where 'Z, and Z, are the absolute magnitudes of the corre
sponding impedances and k, and k, are the values of
power factor for the impedances. E" E" I" and I, are
also the absolute magnitudes of the corresponding quan
tities. Note that Table I and Table II can be used to
evaluate the impedance and power factor terms, since
both are similar to the expression for power ratio.

Neper - The number of nepers N"p corresponding to a

. P"power ratio~ IS

1 P,
No• p= 2 log. p;-'

For voltage ratios ~: or current ratios t working in

identical impedances,

E, N I,
N_ = log.Land nop = log. h .

Relations Between Decibels and Nepers

Multiply decibels by 0.1151 to find nepers
multiply nepers by 8.686 to find decibels

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES

Table I: Decibels to Voltage and Power Ratios

Number of decibels positive (+): Subtract +20 decibels
successively from the given number of decibels unti I the
remainder falls within range of Table I. To find the volt
age ratio, multiply the corresponding value from the right
hand vOltage-ratio column by 10 for each time you sub
tracted 20 dB. To find the power ratio, multiply the
corresponding value from the right-hand power-ratio
column by 100 for each time you subtracted 20 dB.

Example - Given: 49.2 dB
49.2 dB - 20 dB - 20 dB = 9.2 dB

Voltage ratio: 9.2 dB -+ 2.884
2.884 X 10 X 10 = 288.4

Power ratio: 9.2 dB -+ 8.318
8.318 X 100 X 100 = 83180

Number of decibels negative (-): Add +20 decibels
successively to the given number of decibels until the
sum falls within the range of Table I. For the voltage
ratio, divide the value from the left-hand vOltage-ratio
column by 10 for each time you added 20 dB. For the
power ratio, divide the value from the left-hand power
ratio column by 100 for each time you added 20 dB.

Example - Given: -49.2 dB
+49.2 dB + 20 dB + 20 dB = -9.2 dB

Voltage ratio: -9.2 dB -+ 0.3467
0.3467 X 1/10 X 1/10 = 0.003467

Power ratio: -9.2 dB -+ 0.1202
0.1202 X 1/100 X 1/100 = 0.00001202

Example - Given: Voltage ratio = 712
712 X 1/10 X 1/10 = 7.12

From Table 11,7.12 -+ 17.050 dB
17.050 dB + 20 dB + 20 dB = 57.050 dB

Table II: Voltage Ratios to Decibels

For ratios smaller than those in table - Multiply the For ratios greater than those in table - Divide the
given ratio by 10 successively until the product can be given ratio by 10 successively until the remainder can
found in the table. From the number of decibels thus be found in the table. To the number of decibels thus
found, subtract +20 decibels for each time you multi- found, add +20 dB for each time you divided by 10.
plied by 10.

Example - Given: Voltage ratio = 0.0131
0.0131 X 10 X 10 = 1.31

From Table II, 1.31 -+ 2.345 dB
2.345 dB - 20 dB - 20 dB = -37.655 dB
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GIVEN: Decibels Table I TO FIND: Power and {VColtage
t
} Ratios

urren

TO ACCOUNT FOR THE SIGN OF THE DECIBEL

For positive (+) values of the decibel - Both voltage
and power ratios are greater than unity. Use the two
right-hand columns.

Example- Given: ±9.1 dB; Find:

-dB+.. ..
Voltage POll'er Voltaoe Power
Halio Hatio rlR Ratio Ralio

1.0000 1.0000 0 1.000 1.000
.981)6 .9772 .1 1.012 1.023
.9772 .9550 .2 1.023 1.047
.9661 .9333 .3 1.035 1.072
.9550 .9120 .4 1.047 1.096

.9441 .8913 .5 1.059 1.122

.9333 .g71O .6 1.072 1.14g

.9226 .8511 .7 1.084 1.175

.9120 .8318 .R 1.096 1.202

.9016 .812g .9 1.109 1.230

.8913 .7943 1.0 1.122 1.259

.8810 .7762 1.1 1.135 1.288

.8710 .7586 1.2 1.148 1.318

.8610 .7413 1.3 1.161 1.349

.8511 .7244 1.4 1.175 1.3RO

.R414 .7079 1.5 1.18H 1.413

.831g .6918 1.6 1.:W2 1.445

.8222 .6761 1.7 1.216 1.479

.812l:1 .6607 1.8 1.230 1.514

.8035 .6457 1.9 1.245 1.54V

.7943"" .6310 2.0 1.259 1.585

.7852 .6166 2.1 1.274 1.622

.7762 .6026 2 .) 1.288 1.660

.7674 .5888 2.:3 1.30:J 1.698

.7586 .5754 2.4 1.318 1.738

.7499 .5623 2.5 1.334 1.778

.7413 .5495 2.6 1.349 1.1.\20

.7321) .5370 2.7 1.365 1.!i62

.7244 .5248 2.8 1.3HO 1.905

.7161 .5129 2.9 1.396 1.950

.7079 .5012 3.0 1.413 1.995
.6998 .4898 3.1 1.429 2.042
.6918 .4786 3.2 1.445 2.089
.61)39 .4677 3.3 1.462 2.138
.6761 .4571 3.4 1.479 2.188

.6683 .4467 3.5 1.496 2.239

.6607 .4365 3.6 1.514 2.291

.6531 .4266 3.7 1.531 2.344

.6457 .4169 3.8 1.549 2.399

.6383 .4074 3.9 1.567 2.455

.6310 .3981 4.0 1.585 2.512

.6237 .3890 4.1 1.603 2.570

.6166 .3802 4.2 1.622 2.630

.6095 .3715 4.3 1.641 2.692

.6026 .3631 4.4 1.660 2.754

.5957 .3548 4.5 1.679 2.818

.5888 .3467 4.6 1.698 2.884

.5821 .3388 4.7 1.718 2.951

.5754 .3311 4.8 1.738 3.020

.5689 .3236 4.9 1.758 3.090
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For negative (-) values of the decibel - Both voltage
and power ratio arc less than unity. se the two left
hand columns.

rower VOltGfJe
Ratio Ratio

+9.1 dB 8.128 2.851
-9.1 dB 0.1230 0.3508

-dB+....
Voltage Power Voltage Power

Ralio Ratio ,IB Halio Halio
.5623 3162 5.0 1.778 3.162
.5559 .3090 5.1 1.799 3.236
.5495 .3020 5.2 1.820 3.311
.5433 .2951 5.3 1.841 3.388
.5370 .2884 5.4 1.862 3.467

.5309 .2818 5.5 1.884 3.548

.5241) .2754 5.6 1.905 3.631

.5188 .2692 5.7 1.92g 3.715

.5129 .2630 5.8 1.950 3.802

.5070 .2570 5.9 1.972 3.890

.5012 .2512 6.0 1.995 3.981
.4955 .2455 6.1 2.018 4.074
.4891) .2399 6.2 2.042 4.169
.4842 .2344 6.3 2.065 4.266
.4786 .2291 6.4 2.0S9 4.365

.4732 .2239 6.5 2.113 4.467

.4677 .2188 H.6 2.138 4.571

.4624 .2138 6.7 2.163 4.677

.4571 .2089 6.8 2.\88 4.786

.4519 .2042 G.9 2.213 4.89S

.4467 .1995 7.0 2.239 5.012

.4416 .1950 7.1 2.265 5.129

.4365 .1905 7.2 2.291 5.248

.4315 .IX62 7.3 2.:H7 5.370

.4266 .l!~20 7.4 2.344 5.495

.4217 .1778 7.5 2.:371 5.623

.4169 .1738 7.6 2.399 5.754

.4121 .1698 7.7 2.427 5.888

.4074 .1660 7.8 2.455 6.026

.4027 .1622 7.9 2.483 6.166

.3981 .1585 8.0 2.512 6.310
.3936 .1549 8.1 2.541 6.457
.3890 .1514 8.2 2.570 6.607
.3846 .1479 8.3 2.600 6.761
.31)02 .1445 8.4 2.630 6.918

.3758 .1413 8.5 2.661 7.079

.3715 .1380 8.6 2.692 7.244

.3673 .1349 8.7 2.723 7.413

.3631 .1318 8.8 2.754 7.586

.3589 .1288 8.9 2.786 7.762

.3548 .1259 9.0 2.818 7.943

.3508 .1230 9.1 2.851 8.128

.3467 .1202 9.2 2.884 8.318

.3428 .1175 9.3 2.917 8.511

.3388 .1148 9.4 2.951 8.710

.3350 .1122 9.5 2.985 8.913

.3311 .1096 9.6 3.020 9.120

.3273 .1072 9.7 3.055 9.333

.3236 .1047 9.8 3.090 9.51>0

.3199 .1023 9.9 3.126 9.772
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dB
~ .

Table I (continued)

dB
~ .

VoUaae POll'er VoUaae Power
Natio Ratio dB Ratio Ratio
.3162 .1000 10.0 3.162 10.000
.3126 .09772 10.1 3.199 10.23
.3090 .09550 10.2 3.236 10.47
.3055 .09333 10.3 3.273 10.72
.3020 .09120 10.4 3.311 10.96

.29R5 .08913 10.5 3.350 11.22

.2951 .08710 10.6 3.388 11.48

.2917 .08511 10.7 3.428 11.75

.2884 .0831X 10.8 3.467 12.02

.2851 .08128 10.9 3.508 12.30

.2818 .07943 11.0 3.548 12.59

.2786 .07762 11.1 3.589 12.88

.2754 .07586 11.2 3.631 13.18

.2723 .07413 11.3 3.673 13.49

.2692 .07244 11.4 3.715 13.80

.2661 .07079 11.5 3.758 14.13

.2630 .06918 11.6 3.802 14.45

.2600 .06761 11.7 3.846 14.79

.2570 .06607 11.8 3.890 15.14

.2541 .06457 11.9 3.936 15.49

2512 .06310 12.0 3.981 15.85
.2483 .06166 12.1 4.027 16.22
.2455 .06026 12.2 4.074 16.60

..2427 .05888 12.3 4.121 16.98
.2399 .05754 12.4 4.169 17.38

.2371 .05623 12.5 4.217 17.78

.2344 .05495 12.6 4.266 18.20

.2317 .05370 12.7 4.315 18.62

.2291 .05248 12.8 4.365 19.05

.2265 .05129 12.9 4.416 19.50

.2239 .05012 13.0 4.467 19.95

.2213 .04898 13.1 4.519 20.42

.2188 .04786 13.2 4.571 20.89

.2163 .04677 13.3 4.624 21.38

.2138 .04571 13.4 4.677 21.88

.2113 .04467 13.5 4.732 22.39

.2089 .04365 13.6 4.786 22.91

.2065 .04266 13.7 4.842 23.44

.2042 .04169 13.8 4.898 23.99

.2018 .04074 13.9 4.955 24.55

.1995 .03981 14.0 5.012 25.12
.1972 .03890 14.1 5.070 25.70
.1950 .03802 14.2 5.129 26.30
.1928 .03715 14.3 5.188 26.92
.1905 .03631 14.4 5.248 27.54

.1884 .03548 14.5 5.309 28.18

.1862 .03467 14.6 5.370 28.84

.1841 .03388 14.7 5.433 29.51

.1820 .03311 14.8 5.495 30.20

.1799 .03236 14.9 5.559 30.90

.1778 .03162 15.0 5.623 31.62

.1758 .03090 15.1 5.689 32.36

.1738 .03020 15.2 5.754 33.11

.lil8 .02951 15.3 5.821 33.88

.1698 .02884 15.4 5.888 34.67

.1679 .02818 15.5 5.957 35.48

.1660 .02754 15.6 6.026 36.31

.1641 .02692 15.7 6.095 ;n.15

.Hi22 .026:10 15.>! (;.166 :lX.02

.1li03 .02570 l!).!) 6.Z:n :~>l.!)O

Voltage Power Voltage Power
Ratio Ratio dB Ratio Ratio
.1585 .02512 16.0 6.310 39.81
.1567 .02455 16.1 6.383 40.74
.1549 .02399 16.2 6.457 41.69
.1531 .02344 16.3 6.531 42.66
.1514 .02291 16.4 6.607 43.65

.1496 .02239 16.5 6.683 44.67

.1479 .02188 16.6 6.761 45.71

.1462 .02138 16.7 6.839 46.77

.1445 .02089 16.8 6.918 47.86

.1429 .02042 16.9 6.998 48.98

.1413 .01995 17.0 7.079 50.12

.1396 .01950 17.1 7.161 51.29

.1380 .01905 17.2 7.244 52.48

.1365 .01862 17.3 7.32S 53.70

.1349 .01820 17.4 7.413 54.95

.1334 .01778 17.5 7.499 56.23

.1318 .017:38 17.6 7.586 57.54

.1303 .01698 17.7 7.674 58.!:!8

.1288 .01660 17.8 7.762 60.26

.1274 .01622 17.9 7.852 61.66

.1259 .01585 18.0 7.943 63.10

.1245 .01549 l!U !:!.035 64.57

.1230 .01514 1!:!.2 8.128 66.07

.1216 .01479 18.3 8.222 67.61

.1202 .01445 18.4 8.318 69.18

.1189 .01413 18.5 8.414 70.79

.1175 .01380 18.6 8.511 72.44

.1161 .01349 1!:!.7 8.610 74.13

.1148 .01318 18.8 8.710 . 75.86

.1135 .01288 18.9 8.811 77.62

.1122 .01259 19.0 8.913 79.43

.1109 .01230 19.1 9.016 81.28

.1096 .01202 19.2 9.120 83.18

.1084 .01175 19.3 9.226 85.11

.1072 .01148 19.4 9.333 87.10

.1059 .01122 19.5 9.441 89.13

.1047 .01096 19.6 9.550 91.20

.1035 .01072 19.7 9.661 93.33

.1023 .01047 19.8 9.772 95.50

.1012 .01023 19.9 9.886 97.72

.1000 .01000 20.0 10.000 100.00

dB

~ .
Voltaoe Power Voltaue Power
Ratio Ratio rlB Ratio Ratio

3.162XI0 1 10 1 10 3.162 10
10-1 10-2 20 10 102

3.162XlO-2 10-3 30 3.162XIO 103
10-2 10-· 40 102 1~

3.162X 10-3 1O-~ 50 3.162XIQ2 1~
10-3 10-6 60 103 106

3.162X 10-· 10' 70 3.162XIQ3 107

10-· 10-8 80 1~ lOS
3.162X 10-6 1O-g 90 3.162Xl~ 109

10-6 10-10 100 1~ 1010

To find decibel values outside the range of this table, see introduction to these tables.
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GIVEN: {Voltage) Ratio
Current (

Table II

POWER RATIOS

TO FIND: Decibels

To find the number of decibels corresponding to a given
power ratio - ssume the given power ratio to be a
voltage ratio and find the corresponding number of
decibels from the table. The desired result is exactly

. one-half of the number of decibels thus found.

Example- (Huen: a power ratio of ~.41.

Find: 3.·11 in the table:

~.41 ----7 10.655 dB (voltap;c)
10.6;');) dB X ~ = 5.~28 dB (powl'\")

Volta{Je
Ratio .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
1.0 .000 .086 .172 .257 .341 .424 .506 .588 .668 .749
1.1 .828 .906 .984 1.062 1.138 1.214 1.289 1.364 1.438 1.511
1.2 1.584 1.656 1.727 1.798 1.868 1.938 2.007 2.076 2.144 2.212
1.3 2.279 2.345 2.411 2.477 2.542 2.607 2.671 2.734 2.798 2.860
1.4 2.923 2.984 3.046 3.107 3.167 3.227 3.287 3.346 3.405 3.464

1.5 3.522 3.580 3.6:37 3.694 3.750 3':~07 3.862 3.918 3.973 4.028
1.6 4.082 4.137 4.190 4.244 4.297 4.350 4.402 4.454 4.506 4.558
1.7 4.609 4.660 4.711 4.761 4.811 4.861 4.910 4.959 5.00~ 5.057
1.8 5.105 5.154 5.201 5.249 5.296 5.343 5.390 5.437 5.483 5.529
1.9 5.575 5.621 5.666 5.711 5.756 5.801 5.845 5.889 5.933 5.977

2.0 6.021 6.064 6.107 6.150 6.193 6.235 6.277 6.319 6.361 6.403
2.1 6.444 6.486 6.527 6.568 6.608 6.649 6.689 6.729 6.769 6.809
2.2 6.848 6.888 6.927 6.966 7.008 7.044 7.082 7.121 7.159 7.197
2.3 7.235 7.272 7.310 7.347 7.384 7.421 7.458 7.495 7.532 7.568
2.4 7.604 7.640 7.676 7.712 7.748 7.783 7.819 7.854 7.889 7.924

2.5 7.959 7.993 8.028 8.062 8.097 8.131 8.165 8.199 8.232 8.266
2.6 8.299 8.333 8.366 8.399 8.432 8.465 8.498 8.530 8.563 8.595
2.7 M.627 8.659 8.691 8.723 8.755 8.787 8.818 8.850 8.881 8.912
2.8 8.943 8.974 9.005 9.036 9.066 9.097 9.127 9.158 9.188 9.218
2.9 9.248 9.278 9.308 9.337 9.367 9.396 9.426 9.455 9.484 9.513

3.G 9.542 9.571 9.600 9.629 9.657 9.686 9.714 9.743 9.771 9.799
3.1 9.827 9.855 9.883 9.911 9.939 9.966 9.994 10.021 10.049 10.076
3.2 10.103 10.130 10.157 10.184 10.211 10.238 10.264 10.291 10.317 10.344
3.3 10.370 10.397 10.423 10.449 10.475 10.501 10.527 10.553 10.578 10.604
3.4 10.630 10.655 10.681 10.706 10.731 10.756 10.782 10.807 10.832 10.857

3.5 10.881 10.906 10.931 10.955 10.980 11.005 11.029 11.053 11.078 11.102
3.6 11.126 11.150 11.174 11.198 11.222 11.246 11.270 11.293 11.317 11.341
3.7 11.364 11.387 11.411 11.434 11.457 11.481 11.504 11.527 11.550 11.573
3.8 11.596 11.618 11.641 11.664 11.687 11.709 11.732 11.754 11.777 11.799
3.9 11.821 lU~44 11.866 11.888 11.910 11.932 11.954 11.976 11.998 12.019

4.0 12.041 12.063 12.085 12.106 12.128 12.149 12.171 12.192 12.213 12.234
4.1 12.256 12.277 12.298 12.319 12.340 12.361 12.382 12.403 12.424 12.444
4.2 12.465 12.486 12.506 12.527 12.547 12.568 12.588 12.609 12.629 12.649
4.3 12.669 12.690 12.710 12.73.0 12.750 12.770 12.790 12.810 12.829 12.849
4.4 12.869 12.889 12.908 12.928 12.948 12.967 12.987 13.006 13.026 13.045

4.5 13.064 13.034 13.103 13.122 13.141 13.160 13.179 13.198 13.217 13.236
4.6 13.255 13.274 13.293 13.312 13.330 13.349 13.368 13.386 13.405 13.423
4.7 13.442 13.460 13.479 13.497 13.516 13.534 13.552 13.570 13.589 13.607
4.8 13.625 13.643 13.661 13.679 13.697 13.715 13.733 13.751 13.768 13.786
4.9 13.804 13.822 13.839 13.857 13.875 13.892 13.910 13.927 13.945 13.962

5.0 13.979 13.997 14.014 14.031 14.049 14.066 14.083 14.100 14.117 14.134
5.1 14.151 14.168 14.185 14.202 14.219 14.236 14.253 14.270 14.287 14.303
5.2 14.320 14.337 14.353 14.370 14.387 14.403 14.420 14.436 14.453 14.469
5.3 14.486 14.502 14.518 14.535 14.551 14.567 14.583 14.599 14.616 14.632
5.4 14.648 14.664 14.680 14.696 14.712 14.728 14.744 14.760 14.776 14.791

5.5 14.807 14.823 14.S39 14.S55 14.S70 14.886 14.902 14.917 14.933 14.948
5.6 14.964 14.979 14.995 15.010 15.026 15.041 15.056 15.072 15.087 15.102
5.7 15.117 15.133 15.148 15.163 15.178 15.193 15.208 15.224 15.239 15.254
5.S 15.269 15.284 15.298 15.313 15.328 15.343 15.358 15.373 15.388 15.402
5.9 15.417 15.432 15.446 15.461 15.476 15.490 15.505 15.519 15.534 15.549
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Table II (continued)

Voltage
Ualio .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

6.0 15.563 15.577 15.592 15.606 15.621 15.635 15.649 15.664 15.678 15.692
6.1 15.707 15.721 15.735 15.749 15.763 15.778 15.792 15.806 15.820 15.834
6.2 15.848 15.862 15.876 15.890 15.904 15.918 15.931 15.945 15.959 15.973
6.3 15.987 16.001 16.014 16.028 16.042 16.055 16.069 16.083 16.096 16.110
6.4 16.124 16.137 16.151 16.164 16.178 16.191 16.205 16.218 16.232 16.245

6.5 16.258 16.272 16.2H5 16.298 16.312 16.325 16.338 16.351 16.365 16.378
6.6 16.391 16.404 16.417 16.430 16.443 16.456 16.469 16.483 16.496 16.509
6.7 16.521 16.534 16.547 16.560 16.573 16.586 16.599 16.612 16.625 16.637
6.8 16.650 16.663 16.676 16.6S8 16.701 16.714 16.726 16.739 16.752 16.764
6.9 16.777 16.790 16.802 16.815 16.827 16.840 16.852 16.865 16.877 16.890

7.0 16.902 16.914 16.927 16.939 16.951 16.964 16.976 16.988 17.001 17.013
7.1 17.025 17.037 17.050 17.062 17.074 17.086 17.098 17.110 17.122 17.135
7.2 17.147 17.159 17.171 17.183 17.195 17.207 17.219 17.231 17.243 17.255
7.3 17.266 17.278 17.290 17.302 17.314 17.326 17.338 17.349 17.361 17.373
7.4 17.385 17.396 17.408 17.420 17.431 17.443 17.455 17.466 17.478 17.490

7..5 17.501 17.513 17.524 17.536 17.547 17.559 17.570 17.582 17.593 17.605
7.6 17.616 17.628 17.639 17.650 17.662 17.673 17.685 17.696 17.707 17.719
7.7 17.730 17.741 17.752 17.764 17.775 17.786 17.797 17.808 17.820 17.831
7.8 17.842 17.853 17.864 17.875 17.886 17.897 17.908 17.919 17.931 17.942
7.9 17.953 17.964 17.975 17.985 17.996 18.007 18.018 18.029 18.040 18.051

8.0 18.062 18.073 18.083 18.094 18.105 18.116 18.127 18.137 18.14g 18.159
8.1 18.170 18.180 18.191 18.202 18.212 18.223 18.234 18.244 18.255 18.266
8.2 18.276 18.287 18.297 18.30S 18.319 18.329 18.340 18.350 18.361 18.371
8.3 18.382 18.392 18.402 18.413 18.423 18.434 18.444 18.455 18.465 18.475
8.4 18.486 18.496 18..'>06 18.517 18.527 18.537 18.547 18.558 18.568 18.578

8.5 lR.588 18.599 18.609 18.619 18.629 18.639 18.649 18.660 18.670 18.680
8.6 18.690 18.700 18.710 18.720 18.730 18.740 18.750 18.760 18.770 18.780
8.7 18.790 18.HOD 18.810 18.820 18.830 18.840 18.850 18.860 18.870 18.880
8.8 Hl.890 18.900 18.909 18.919 18.929 18.939 18.949 18.95H 18.96S 18.978
8.9 18.98H 18.998 19.007 19.017 19.027 19.036 19.046 19.056 19.066 19.075

9.0 19.085 19.094 19.104 19.114 19.123 19.133 19.143 19.152 19.162 19.171
9.1 19.181 19.190 19.200 19.209 19.219 19.228 19.238 19.247 19.257 19.226
9.2 19.276 19.285 19.295 19.304 19.313 19.323 19.332 19.342 19.351 19.360
9.3 19.370 19.:J79 19.338 19.398 19.407 19.416 19.426 19.435 19.444 19.453
9.4 19.463 19.472 19.481 19.490 19.499 19.509 19.518 19.527 19.536 19.545

9.5 19.554 19.564 19.573 19.582 19.591 19.600 19.609 19.618 19.627 19.636
9.6 19.645 19.654 19.664 19.673 19.682 19.691 19.700 19.709 19.718 19.726
9.7 19.735 19.744 19.753 19.762 19.771 19.780 19.789 19.798 19.807 19.816
9.8 19.825 19.833 19.842 19.851 19.860 19.869 19.878 19.886 19.895 19.904
9.9 19.913 19.921 19.930 19.939 19.948 19.956 19.965 19.974 19.983 19.991

VoUage
Halio 0 1 2 3 4 5 6 7 8 9

10 20.000 20.828 21.584 22.279 22.923 23.522 24.082 24.609 25.105 25.575
20 26.021 26.444 26.848 27.235 27.604 27.959 28.299 28.627 28.943 29.248
30 29.542 29.827 30.103 30.370 30.630 30.881 31.12G 31.364 31.596 31.821
40 32.041 32.256 32.465 32.669 32.869 3;~.064 33.25.5 33.442 33.625 33.804

50 33.979 34.151 34.320 34.486 34.648 34.807 34.964 35.117 35.269 35.417
60 35.563 35.707 35.848 35.987 36.124 36.258 36.391 36.521 36.650 36.777
70 36.902 37.025 37.147 37.266 37.385 37.501 37.616 37.730 37.842 37.953
80 38.062 38.170 38.276 38.382 38.486 38.588 38.690 38.790 38.890 38.988
90 39.085 39.181 39.276 39.370 39.463 39.554 39.645 39.735 39.825 39.913

100 40.000 - - - - - - - - -

To find decibel values outside the range of this table, see introduction to these tables.
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Federal Stock Numbers of General Radio Products

Catalog . Federal Catalog Federal Catalog Federal
Number Stock Number Agency Number Stock Number Agency Number Stock Number Agency

0274-9730 5935-543-8325 AF 0874-9700 5985-671-8325 DESC 0938-9791 5940-258-4719
0274-9731 5935-543-8323 AF 0874-9701 5935-961-5498 0938-9791 5940-642-4355
0274-9735 5935-505-4976 0874-9702 5985-707-2830 DESC 0938-9792 5970-237-5691 DSA

0274-9736 5935-192-4620 AF 0874-9704 6625-706-6269 AF 0938-9793 5935-258-4738
0274-9736 5935-258-6298 0874-9706 5935-053-0040 0938-9796 5940-522-3622
0274-9737 5935-224-5982 DESC 0874-9710 5935-087-5374 0940-9705 6625-842-4869 AF

0274-9746 5935-549-2118 DESC 0874-9710 5935-833-7247 N 0940-9706 6625-842-4871 AF
0274-9746 5935-665-4394 DESC 0874-9711 5935-905-5335 0940-9707 6625-842-4868 AF
0274-9747 5935-754-5770 AF 0874-9716 5935-758-9529 0940-9708 6625-842-4872 AF

0274-9748 5995-557-0848 0874-9717 5935-904-8557 DESC 0971-9702 5905-681-5653
0274-9748 5995-642-9560 DSA 0874-9718 5935-502-8354 0971-9706 5905-762-2548
0274-9750 6625-557-8454 AF 0874-9791 5935-420-3645 0971-9708 5905-762-2547

0274-9751 5935-872-8525 DESC 0874-9800 5935-984-5563 DESC 0971-9710 5905-557-1569
0480-9986 5975-953-8144 ARMY 0874-9802 5935-706-2827 0971-9711 5905-583-2759
0510-9511 5930-499-1999 DESC 0874-9804 5935-921-8789 0971-9712 5905-927-7538

0510-9604 5930-499-2000 DESC 0874-9810 5935-225-8768 DESC 0971-9713 5905-887-7672
0510-9701 6625-553-8082 AF 0874-9810 5935-679-2492 AF 0971-9714 5905-581-1724
0510-9702 6625-311-6104 AF 0874-9816 5935-761-0408 DESC 0971-9716 5905-881-8062
0510-9703 6625-993-1190 AF,N 0874-9818 5935-666-4873 0973-9704 5905-052-1927
0510-9704 6625-864-6074 AF, N 0874-9820 5935-887-6008 0973-9705 5905-089-5434
0510-9704 5910-560-6248 DESC 0874-9831 5935-916-0791 0973-9707 5905-660-3747 AF
0510-9705 5905-561-4150 DESC 0874-9832 5935-789-6031 DESC 0973-9708 5905-827-1899
0510-9705 6625-709-0308 AF 0874-9833 5935-981-7264 AF 0973-9710 5905-690-5684 AF, DESC
0510-9705 . 6625-989-8428 N 0874-9834 . 5935-914-8878 0973-9712 5905-655-1325
0510-9706 5905-561-4158 DESC 0874-9839 5935-840-7284 DESC 0973-9714 5905-583-5254
0510-9706 6625-709-0310 AF 0874-9841 5935-965-6178 AF 0973-9716 5905-406-9897 DESC
0510-9707 6625-708-7235 AF,N 0874-9843 5935-944-3687 DESC 0973-9717 5905-074-8719
0510-9708 5905-561-4160 DESC 0874-9849 5935-925-6261 0975-9710 5905-681-3390
0510-9806 6625-690-5156 AF 0874-9853 5935-925-6262 DESC 0975-9712 5905-683-2340 NASA
0631-9601 5960-193-5124 0874-9863 6145-020-8773 0975-9713 5905-556-6565

0716-9803 6625-649-2961 AF 0874-9864 5935-555-1885 DESC 0975-9716 5905-725-0725 AF
0874-9511 5985-912-1544 0874-9864 5975-104-6840 DESC 0975-9717 5905-806-3715 AF, DESC
0874-9513 6625-623-0067 0874-9910 5935-864-9958 0975-9718 5905-617-2109 AF

0874-9526 5935-627-0622 AF 0874-9940 6625-793-1352 AF 1001-9701 6625-866-0168 AF
0874-9527 5935-933-8153 0874-9942 5985-778-2146 1003-9701 6625-867-0787
0874-9537 5915-786-9168 DESC 0874-9944 6625-624-7149 AF 1162-9597 6625-333-9860 AF

0874-9541 5915-937-5404 0874-9945 6625-623-0328 N 1191-9711 6625-926-7641 ARMY
0874-9545 5915-907-8721 0874-9954 5985-992-2109 DESC 1201-9703 4920-925-7490 N
0874-9564 5985-525-3010 DESC 0874-9955 5985-494-4745 DESC 1201-9703 6625-902-9745

0874-9568 5905-812-9250 0874-9970 5985-083-4708 1203-9702 6625-777-6438 NASA
0874-9570 5905-755-2378 DESC 0874-9972 6625-706-2829 1203-9702 1440-062-4760 N
0874-9570 6625-826-0570 0874-9980 5985-888-4296 DESC 1210-9703 4920-925-7490 N

0874-9571 5985-087-4715 DESC 0874-9982 5985-707-2931 1211-9703 4931-777-1384 AF
0874-9572 5985-080-2122 DESC 0874-9990 5935-669-5817 1215-9703 6625-965-8235
0874-9572 6625-739-1200 AF 0874-9003 6625-932-8155 AF 1217-9703 6625-903-5469 AF

0874-9577 5950-752-3144 DESC 0900-9405 5935-000-0202 1232-9701 6625-873-6684 AF
0874-9577 5950-921-6008 AF 0900-9651 6625-498-0925 1232-9701 4931-916-8256 DSA
0874-9577 6625-921-6305 N 0900-9711 5935-838-2722 AF 1263-9703 6625-061-0214 AF

0874-9577 5985-823-4709 ASO, DESC 0900-9791 5935-466-1172 DESC 1264-9601 5595-087-4832 DSA
0874-9596 6625-887-7753 AF 0900-9811 5935-838-2723 AF DESC 1269-9701 6625-871-8018 AF
0874-9604 6625-713-2108 AF 0900-9883 4931-228-1319 DSA 1304-9802 6625-585-9736 AF
0874-9608 6625-713-2109 AF 0900-9971 5985-083-4708 1304-9812 4931-778-0582
0874-9612 6625-715-5578 AF 0938-9758 5935-295-5407 1309-9701 6625-107-8260 AF
0874-9621 5985-911-0540 DESC 0938-9760 5940-562-3507 1310-9701 6625-054-3476 DESC

0874-9645 4920-922-6219 N 0938-9764 5940-235-7993 DSA 1311-9701 6625-930-3449 DSA
0874-9660 6625-059-7768 0938-9765 5935-815-8783 1330-9701 6625-553-0969 AF
0874-9666 6625-020-9712 AF 0938-9765 5940-877-8166 1362-9701 6625-489-3711 AF
0874-9680 6625-789-4723 0938-9766 5940-223-1434 1390-9702 6625-799-8999 AF
0874-9680 5995-836-5152 AF 0938-9766 5940-250-0577 M.C. 1401-9702 6625-585-3992 AF
0874-9682 5995-754-8178 N 0938-9766 5940-544-8121 1401-9703 6625-585-3989 AF

0874-9683 5995-933-6852 DSA 0938-9767 5940-500-8717 1403-9701 6625-730-8565 AF
0874-9683 5995-935-2561 DSA 0938-9767 5940-666-3892 1403-9704 6625-804-7402 AF
0874-9690 6625-793-1351 AF 0938-9768 5940-549-9037 1403-9707 6625-804-7401 AF
0874-9692 6625-729-4629 AF 0938-9768 5940-643-6231 1403-9711 6625-804-9059 AF
0874-9700 5935-765-5481 DESC 0938-9771 5940-549-6743 1403-9714 6625-804-9053 AF
0874-9700 5935-855-3770 DESC 0938-9776 5970-628-7701 1404-9701 4931-916-5949
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Catalog Federal Catalog Federal Catalog Federal
Number Stock Number Agency Number Stock Number Agency Number Stock Number Agency

1409-9706 6625-629-1983 AF 1557-9701 6625-879-5114 5950-224-7874 AF
1409-9707 6625-804-9058 1560-9605 5965-971-5635 3040-5111 5950-835-4462 AF, DESC
1409-9711 6625-585-4052 AF 1560-9652 6625-982-9461 A 3040-5118 5950-681-7431 AF, DESC
1409-9712 6625-585-4053 AF 1560-9695 6625-459-7539 AF 3050-5110 6120-845-1176 AF
1409-9713 6625-583-0038 AF 1560-9696 6625-982-9460 A 3050-5111 6120-242-4865 DSA
1409-9718 6625-557-0876 AF 1560-9921 6625-086-9982 3050-5130 5820-756-5566
1409-9720 6625-585-4051 AF 1562-9701 6625-401-5364 AF 3058-5110 6120-105-6108 AF, DESC
1409-9721 6625-585-4050 AF 1564-9701 6625-883-8858 N 3060-5012 6120-054-7794 AF
1409-9724 6625-653-1565 AF 1564-9771 6625-484-5970 N 3060-5110 6120-849-2588 AF
1409-9725 6625-629-1980 AF 1565-9701 6625-912-6149 AF 3060-5110 5950-948-6988 DESC1419-9701 6625-953-7537 AF
1419-9702 6625-679-0402 1565-9901 6515-236-1204 AF 3060·5111 6120-816-1517 AF

1568-9701 6625-454-0720 AF 3060-5118 6120-772-7917 AF
1419-9711 6625-585-1670 AF
1422-9704 6625-987-9060 AF 1571-9831 6110-087-4771 DSA 3060-5119 6120-682-2557 DESC
1422-9809 6625-846-4429 1571-9898 6110-897-9800 AF 3060·5119 5950-682-2557 AF

1422-9823 6625-779-3602
1602-9702 6625-511-0512 AF 3060-5130 6120-805-0745 DESC

A
1422-9855 6625-060-1818 AF 1606-9702 6625-432-5414 N 3070-5110 6120-660-9211 AF
1422-9916 6625-891-5939 AF 1606-9702 combined with 3070-5111 6120-828-1490 AF
1423-9801 6625-775-1753 AF 1606-9602 6625·103-2040 AF 3070-5118 5950-686-2153

1424-9701 6625-731~7404 AF 1608-9811 6625-902-8687 AF 3070-5119 6625-073-2226 N
1433-9700 6625-892-4783 N 1609-9701 6625-106-0643 AF 3090-5110 6120-800-2482 AF
1433-9702 6625-437-9157 AF 1620-9701 4931-916-5952 3090-5111 6120-834-2923 AF
1433-9702 6625-6.49-4037 N 1632-9801 6625-223-4811 AF 3090-5119 6120-833-0904 DSA
1433-9712 6625-649-0034 N 1632-9801 6625-476-0593 AF 3090-5130 6120-669-8565 AF
1433-9716 6625-228-9918 N 1632-9811 6625-777-4118 3090-5230 5950-068-5180 AF, DESC
1433-9718 .6625·123-7459 N 1633-9801 6625-442-3549 ARMY 3100-5012 5950-926-0742 DESC
1433-9722 6625-947-7534 AF 1644-9701 6625-867-6628 N 3100-5110 6120-710-5747 AF
1433-9731 6625-480-0950 N 1650-9702 6625-435-5470 AF 3100-5110 6120-103-4982 N
1440-9601 6625-133-7548 A 1790-9705 6625-243-7461 AF 3100-5111 6120-877-7923 AF, DESC1450-9891 6625-201-8779 1806-9701 6625-832-8956 3120-5110 5950-078-1445
1450-9891 5985-201-8779 N, DESC 1840-9701 6625·937-6156 AF 3130-5111 6120-849-8928 AF
1450-9893 6625-612-1837 AF 6625-777-7436 FAA 3150-5110 6120-681-6862 AF1455-9700 6625-123-7458 AF 1863-9700 6625-456-7442 AF 3150-5111 6120-769-1140 DESC
1455-9702 6625-722-1569 AF 1863-9700 6625·553-0386 N 3150-5120 6120-911-9777
1482-9702 6625·583-0040 AF
1482-9703 6625-804-4125 AF 2990-9201 4931-178-1108 ARMY 3160-5121 6120-927-7826

1482-9704 6625-806-8627
2990-9159 6625-411-4538 AF 3160-5130 6120-811-0505 DESC

1482-9705 6625-567-2700 AF 3010-5110 5950-606-8682 DESC 3200-5900 5977-400-7985 DSA
1482-9706 6625-580-1501 AF 3010-5110 5950-581-5189 AF 3200-5901 5977-536-3287

1482-9707 6625-580-1502 AF 3010-5110 5950-519-7859 DESC 3200-5906 5977-775-6799· 5950-807-0947 DESC 3200-5908 5977-727-9061
1482-9708 6625-583-0041 AF
1482-9710 6625-993-9456 AF 3010-5111 5950-683-3641 DESC 3200-5910 5977-880-1553

1482-9711 6625-556-8585 AF 3010-5120 5950-082-8153 3200-5911 5977-033-8550

1482-9712 6625-556-8584 AF 3010-5130 6120-837-7133 AF 3200-5912 5977-877-6844

1482-9713 6625-804-4129 AF 5950-556-1724 AF 3200-5913 ·5977-841-5878
1482-9714 6625-804-4130 5950-985-3990 DESC 3200-5923 5977-433-2716 DSA
1482-9716 6625-583-0044 AF 3030-5012 5950-987-5601 DESC 3410-5110 5950-121-5326 DESC
1482-9717 6625-993-9458 3030-5013 4931-777-1385 3410-5110 5950-519-7789 DESC
~-9718 6625-993-9459 AF 3030-5015 5950-112-3440 DESC 3410-5110 5950-538-5662 AF
1482-9720 6625-583-0043 AF 3030-5110 5950-053-9971 DESC 3410-5110 5950-617-9474 ARMY
1491-9714 6625-808·9523 AF,N

3030-5110 5950-631-1424 DESC
1521-9428 3410-5120 5950-557-6989 AF6625-864-0631 N 3030-5110 5950-951-9647 DESC 3410-5130 5950-557-6988 DESC1521-9447 6625-450-7622 AF 3030-5110 5950-754-5940 AF, DESC 3410-5130 5950-877-4863 DESC1521-9463 6625-862-0632
1521-9601 5905-448-5331

3030-5110 5950-578-5592 AF 3430-5110 5950-504-9090 AF,DESC· 5950-443-1794 DESC
1521-9602 5905-448-5335 3030-5111 5950-553-6657 AF 3430-5110 5950-615-0209 DESC
1521-9603 5905-448-5334 3430-5120 5950-103-7005 DESC
1521-9841 6625-484-5972 N 5950-020-6790 AF, DESC 3430-5130 5950-99/-1261 DESC
1525-9701 6625-411-9633 AF 3030-5118 5950-688-5722 AF, DESC 3460-5110 6120-480-5581 N
1531-9430 6680-880-1844 N 3030-5118 5950-446-5004 AF, DESC 3460-5110 5950-689-4807 DESC
1531-9601 5960-844-5968 DESC 3030-5118 5950-823-1051 DESC

3460-5110 6120-812-76811538-9601 5960-781-1466 DESC 3030-5119 5950-617-9242 DESC AF
1538-9601 6240-422-1278 ARMY 3930-5120 6120-884-1441 AF 3460-5110 6120-826-6238 AF

3460-5120 5950-755-9349
1551-9703 6625-969-4136 DSA 3030-5130 6120-681-6930 AF
1551-9703 combined with · 5950-683-3206 3460-5130 5950-504-9047 AF
1262-9702 4931-891-3070 ARMY 3030·5131 6120-879-3698 AF 3460-5130 6120-504-9047 DSA
1553-9701 6625-103-3117 AF 3038-5110 5950-110-0379 DESC

3490-5110 6120-824-7393 AF
1553-9701 6625-977-5779 N 3038-5130 61.20-357-7520 DSA 3490-5110 6120-052-3305 DSA
1556-9702 6625-994-9424 AF 3040-5110 5950-809-5379 DESC 3490-5130 6120-725-4226 AF

• Like preceding entry with additional moisture and fungus proofing.
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Index by Subject and Title
A

Abbreviations 344
Accelerometer 100

Acoustic Recorder 47,49,52

Acoustic Systems 22

Adaptor, 50-n coax, GR874 240

5Q.n coax, GR900 261

75-n coax, GR874 252

75 to 50 n, GR900 266

75-n coax, GR900 266

Audio/ Acoustic 98

Flange, GR900 260

Low-Frequency 355

Microphone 98
Rack Panel 338

Adjustable Autotransformers 293

Admittance Meter, UHF 210

Air Capacitor, Standard 178

Air Line, Fixed, 50-n coax, GR874 .. 247

50-n coax, GR900 265

75-n coax, GR874 254

Adjustable, 5Q.n coax,
GR874 247

Tube and Rod, 50-, 75-n,
GR874 256

Tube and Rod, 50-n, GR900 .. 268

Amplifier, 30-MHz I-F 215
Level .Regulating 89

Multichannel, Audio 88

Power, Audio 76

Programmable 88
Scanning, Multichannel 88

Tuned 162

Analog Limit Comparator 149

Analog Tester, Multistation 108

Analyzer, 1/3 and 1/10 Octave 57

Fast-Fourier 70

Impact-Noise 27

ImpUlse-Noise, Precision 45

Logic-Circuit 1l0, 112, 115

Motion, Stroboscopic 269

Narrow Band 58, 60

Octave-Band 45

Real-Time 64, 70
RF Network 202

Signal 56

Sound and Vibration 57

Sound and Vibration,
Recording' 62

Sound-Level, Precision 45

Spectrum 58, 60

Third-Octave-Band, Stepped 52
Time-Series 70

Analyzer (cont'd)

Wave 58,60

Wave, Recording 62, 63

Anodize Trimmer
Systems 122, 123, 124

Attenuation Analyzer, RF 202·

Attenuator, 50-n coax, GR874 245
50-n coax, GR900 264

75-n coax, GR874 254

Audio 92

Decade 322
Level Regulating 89

Low-Frequency 92, 246, 322, 323

Programmable Decade 246
Audio Amplifier, Multichannel 88

Audiometer Calibration Set 37

Audiometer, Recording 35

Audiometric Examination Rooms 34

Audiometry and Psychoacoustics .. 102

Audio Microvolter 92
Oscillator 77, 78,79

Oscillator and Power Amplifier .76

Output Power Meter 90
Automatic Capacitance Bridge,

I-MHz 142

ComponentTestSystems .129, 136

Level Regulator oo oo oo oo 89

Line-Voltage Regulators 285
RLC bridge 138

Test and Measurement
Systems 106

Autotransformers, Adjustable 293

B

Balun 243
Banana Plugs ' 334

Behavioral Research Instruments .. 103

Bias Insertion Unit, 50-n coax,
GR874 oo .. oooo.oo 250

Bias Supply 146
Binding Posts 332

Booth, Audiometric 34

Box, Capacitance 167-171

Inductance 198
Resistance 184-188

Bridge, I-MHz Capacitance,
Automatic 142

Bias Supply 146

Capacitance 161, 164

Capacitance, Precision 157

Conductance 181

Detector, Phase 159

Impedance, Manual .150,152, 154

Bridge (cont'd)

Incremental-Inductance 195

Inductance 193, 195

Kelvin 181

Megohm 181, 182

Oscillator 158,318

OscillatorI Detector 163
Portable 150, 154, 181

Precision .152, 156, 160, 181, 192

Resistance, DC 181

Resistance Limit 180
RF oooooooo oo.oooo oo211

RF, 50-, 75-n coax, GR874 256

RF Network Analyzer 202

RLC, Automatic 138

RLC, Manual 150, 152, 154

Wheatstone 181, 182

Brushes, Replacement, Variac 312

Burst Generator 321

Burst Generator, Strobe 281

c

Cabinets, Instrument 339

Cable, 50-n coax, GR874 251

Connectors, 50-n coax,
GR874 239

Connectors, 5Q.n coax,
GR900 260

Connectors, 75-n coax,
GR874 252

Measurement Analyzer, RF 202

Microphone 98

Test System 132

Calibrator, AC/ DC Voltage 92

Sound-Level 38

Audiometer 37
Vibration 101

Capacitance Bridge 161, 164

Bridge, Automatic 138

Bridge, Automatic, I-MHz 142

Bridge, Manual 150, 152, 154

Bridge, Precision 157

Comparator 147

Measuring Assembly 160
Measuring System, Precision .156

Meter, Digital 140

Standards, Coaxial .. 176, 177, 178
Capacitor, Coupling, 50-n coax,

GR874 250

Decade 167-171

Decade, Precision 167, 168

Leakage Test System 130

Standard, Air 178
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Capacitor (Cont'd)

Standard, Fixed 174, 175

Standard, Mica 179

Variable, coax, GR874 245

Variable Precision 172

Card-Punch Coupler 145

Case, Storage, GR900 268

Cassette Data Recorder 47

Centering Ring, Rotatable, GR900 .260

Ceramic Microphones 94

Chart Paper 51, 55,87
Chart Paper, Audiometer 35

Choke, Paralleling, Variac 312

Circuit/Component Tester,
Multistation 108

Circuit Tester, Digital 110, 112, 115

Circuit Tester, Linear 126

Cleaning Kit, GR900 268

Coaxial Adaptor, 50-0, GR874 240

Adaptor, 50-0, GR900 261

Adaptor, 75-0, GR874 252

Adaptor, 75-0, GR900 266

Adaptor Flange, GR900 260

Air Lines, 50-0, GR874 247

Air Lines, 50-0, GR900 265

Air Line, 75-0, GR874 254

Air-Line Tube and Rod,
50-, 75-0, GR874 . ; 256

Air-Line Rod and Tube,
50-0, GR900 268

Attenuators, 50-0, G9874 245

Attenuators, 50-0, GR900 264
Attenuators, 75-0, GR874 254

Bias Insertion Unit, 50-0,
GR874 250

Cable, 50-0, GR874 251
Cable Connectors, 50-0,

GR900 260
Capacitance Standards

176,177,178
Centering Ring, Rotatable,

GR~OO 260
Cleaning Kit, GR900 268

Components, GR874 237

Components, GR900 257

Components, 75-0, GR874 252

Components, 75-0, GR900 266
Component Mount, 50-0,

GR874 250

Connector, 50-0, GR874 238
Connector, 50-0, coax,

GR900 259

Connector, 75-0, GR874 252

Connector, 75-0, GR900 266

Connector Kits, 50-0, GR900 .259

Coaxial (cont'd)

Coupling Capacitor, 50-0,
GR874 250

Coupling Probe, 50-0, GR874 .250

Crimping Tools, GR874 255

Ell, 50-0, GR874 248

Ell, 75-0, GR900 268

Hardware Stand, GR874 255

Insertion Unit, 50-0, GR874 .. 250

Lines, Slotted 212, 213

Low-Pass Filters, 50-0,
GR874 249

Matching Pad, 75 to 50o,
GR874.: 253

Matching Pad, 50 to 75 0,
GR900 267

Mixer, 50-0, GR874 248

Panel Mounting Kit, GR900 260

Patch Cords, 50-, 72-, 75-0,
GR874 251

Power Dividers, 50-0, GR874 .248

Rectifier/ Detector, 50-0,
GR874 249

Resistance Standards 191
RF Bridges, 50-, 75-0,

GR874 256
Rotary Joint, 50-0, GR874 248

Series Inductor, 50-0, GR874 .250

Storage Case, GR900 268

Tee, 50-0, GR874 248

Termination, 50-0, GR874 244

Termination, 50-0, GR900 263

Termination, 75-0, GR874 254

Termination, 75-0, GR900 267

Tool Kit, GR900 268

Tuner, 50-0, GR900 264

Comparator, Analog Limit 149
Digital Limit 144

Impedance 147

Resistance 180

Component and Network Testing .. 105
Component/ Circuit Tester,

Multistation 108

Component Mount, 50-0 coax,
GR874 250

Components, 50-0 coax, GR874 .. 237

75-0 coax, GR874 252

50-0 coax, GR900 257

75-0 coax, GR900 266

Component Sorting Systems .. 129, 147

Component Testing Systems .. 129, 136

Computer-aided N/C Fabrication .. 118

ComputerWrapTlol Wire-Wrapping
Systems 116

Condenser Microphones 93

Condenser Microphone Systems .... 99

Connector Kits, 50-0 coax, GR900 .259
Connectors, 50-0 coax, GR874 238

50-0 coax, GR900 259

75-0 coax, GR874 252

75-0 coax, GR900 266

Binding Post 332
Jacks and Plugs 334

Controllers, Line Valtage 269, 293

Controls, Volume, Pots 337
Counter, Frequency 326, 328

Coupler, Card-Punch 145

Coupler, Directional, Precision 217

Coupler, Earphone 37
Coupling Capacitor, 50-0 coax,

GR874 250

Coupling Probe, 50-0 coax, GR874 . 250

Crimping Tools, GR874 255

D

Data Recorder, Audio 47
DC Power Supply, Adjustable 196

DC Recorder 86

Decade Attenuator 322

Attenuator, Programmable 246
Capacitors 167-171

Capacitor, Precision 167, 168

Inductors 198,199

Oscillator 80

Resistors 184-188

Resistor, Programmable 184

Voltage Divider 323

Decibel Conversion Tables 345
Delay Analyzer, RF 202

Delay Generator, Strobe Flash 283

Detector, 50-0 coax, GR874 249

Bridge 159

Digital, RMS 69
Heterodyne 214

I-F Amplifier 215

Null 162

Oscillator, Bridge 163

Phase 159

RMS, Multichannel 69
Dielectric Sample Holder 166

Digital Detector, RMS, Multichannel .69
Impedance Bridge 138

Impedance Meter 140

Limit Comparators 144

Logic Testers 110, 112, 115
Printer 145

Tester, Multistation 108
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Digital (cont'd)

Time-Series Analyzers 70

Vibration Control System 72

Dimension and Weight Definitions .341

Directional Coupler, Precision 217

Display Unit, Storage 66

Divider, Power, 50-n coax, GR874 .248

Decade Voltage 323

Frequency 325

Dosimeter, Noise 30

E

Earphone Couplers 37

Electret-Condenser Microphones 93

Electrolytic Capacitance Bridge 164

Electronic Stroboscopes 269

Ell, 50-n coax, GR874 248

75-n coax, GR900 268

F

Fastfourier Analyzers 70

Federal Stock Numbers 350

Filter, Analyzing 67

Low-Pass, 50-n coax, GR874 .. 249

Octave-Band 67

Parallel-Band 67

Pink-Noise 85

Scanned 67

Third-Octave-Band 67

Universal Audio 91

Variable Bandwidth, Audio 91

Fixture, Test 151, 180

Fixtures, Transistor Test 255

Flange, Adaptor, GR900 260

Flash Delay, Strobe 283

Flash, Stroboscopic 269

Fourier Analyzers 70

Frequency and Time Meter
(Counter) 326, 328

Frequency-Response Recorder .. 49, 52

Frequency-Response Recorder
Assemblies 62

Frequency Scaler 325

Frequency Spectrum
Analyzers 57, 58, 60

Frequency-Spectrum Analyzers,
Real-Time 70

Frequency Synthesizers 222-227

G

Generator, Burst, Strobe 281

Pulse 319,320

Random-Noise 81,83, 84

Standard-Signal 232-236

Strobe Multiflash 281

Tone-Burst 321

Graphic Level Recorder 49, 52

Grason-Stadler Audiometer 35

Grason-Stadler Instruments 102

H

HardRATS-Anodize Trim System 123

Hearing Conserva.tion 24

Hearing Research Instruments 102

Hearing Testing 33

Heterodyne Detectors 214

High-Frequency Measuring
Systems 201

High-Frequency Oscillators 228

High-Frequency Signal Sources 219

High-Frequency Variac®
autotransformers 303

Hi-Reliability Capacitor Testing
System 129

Hybrid Trim System, Laser 120

I-F Amplifier 215

Impact-Noise Analyzer 27,45

Impedance Analyzer, RF 202

Bridges 150, 152, 154

Bridge, Automatic 138

Bridge, RF 211

Comparator 147

Measuring System -
Computer-Controlled .108, 125

Meter, Digital 140

Meter, UHF 210

Impulse Analyzer 27

Impulse Sound-Level Meter,

Precision 45
Incremental-Inductance Bridge 195

Inductance Bridges 193, 195

Bridge, Automatic 138

Comparator 147

Measuring Assembly 192, 194

Meter, Digital 140

Inductor, Decade 198, 199

Inductor, Series, 50-n coax,
GR874 250

Inductor, Standard 197

Industrial Hearing Conservation 24

Insertion Unit, 50-n coax,
GR874 250

Insulation Testers,
Megohm 181, 182, 183

Integrated-Circuit Tester, Linear .. 126

J

Jacks and Plugs 334

Joint, Rotary, 50-n coax, GR874 .. 248

K

Kits, Coaxial Connector, 50-n,
GR900 259

Kit, Coaxial Panel Mounting,
GR900 260

L

Lamp, Replacement Strobe .. 278, 279

Laser Trim System 120

Leakage-Current Bridge 164

Measuring System 130

Tester, Megohm 181, 182, 183

Level Regulator, Audio 89

Lights, Stroboscopic 269

Limit Comparator, Analog 149

Digital 144

Line, Air, 50-n coax, GR900 265

50-n coax, GR874 274

75-n coax, GR874 254

Linear Circuit and IC Tester 126

Linear-Speed Wheel, Strobe 284

Line Stretchers, 50-n coax, GR874 .274

line-Voltage Control, Variac® 293

line-Voltage Regulators 285

Logic-Circuit Test
Systems 110, 112,115

Low-Distortion Oscillator 77

LOW-Frequency Oscillators 74

Low-Pass Filters, 50-n coax,
GR874 249

Low-Voltage VariaC®
autotransformer 312

M

Magnetic Clamp 43

Main Voltage Controllers 269,293

Matching Pad, 75 to 50-n coax

GR874 253

GR900 267
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Megohm Bridges 181, 182

Megohmmeters 183

Meter, Audio Output Power 90

Impact-Noise 27

Impedance, Digital 140

Impulse Sound-Level 45

Megohm 183

Sound-Level 26, 40

Sound Level, Precision 45

Standing-Wave 216

UHF Admittance .. , 210

Vibration 42

Micronetic Laser Trim System 120

Microphone 93

Microphone Accessories 95

Extension Cable 98

Preamplifiers 95

Preamp Accessories 98

Systems, Condenser 99

Windscreens 97

Microvolter, Audio 92

Militarized VariaC®
autotransformers ' 303

MiniRATS-Anodize Trim System 122

Minivolt Adjustable
Autotransformer 312

Mixer, 50-n coax, GR874 248

Monitor, Noise-Exposure 28

Monitor, Noise-Exposure, Wearable .. 30

Motion Analysis and Photography
Set, Strobe 280

Motion Analyzers, Stroboscopic 269

Motor Controllers 294

Motor-Driven VariaC®
autotransformers 305

Mount, Component, 50-n coax,
GR874 , 250

Mounting Information 339

Mount, Transistor 255

Multichannel Amplifier, Audio 88

Multichannel RMS Detector 69

Multifilter 67

Multiflash Generator, Strobe 281

N

Narrow-Band Analyzer 58, 60

Narrow-Band Analyzer, Automatic .. 62

Narrow-Band Analyzer, Real-Time .. 64

N/C Sheetmetal Fabrication 118

Network and Component Testing .. 105

Network Analyzer, RF 202

Noise Analyzer 57

Calibrators 38

Noise (cont'd)

Dosimeter 30

Exposure Monitor 28

Exposure Monitor, Wearable 30

Generators, Random 81, 83, 84

Impact Analyzer 27

Impulse Analyzer 45

Measurement 21

Null Detector 162

. I-F Amplifier 215

Phase 159

o

Occupational Safety and Health 24

Octave Analyzer 45

0/3) Analyzer, Stepped 52

0/3 and 1/10) Analyzer 57

Analyzer, Real-Time 64

Filter 67

Op-Amp Tester 126

Open Circuit, 50-n coax, GR874 244

75-n coax, GR874 254

Coaxial, GR900 263

Ordering Information 18

Oscillator, Audio 76, 77, 78, 79, 80

Audio to RF 78, 80,318

Audio and
Ultrasonic 77, 78, 80, 158

Bridge 158,318

Bridge, Audio 79

Decade, Audio RF " 80

Detector, Bridge 163

High-Frequency 228

Low-Distortion, Audio 77

Low-Frequency 74

Recorder, Sweep 52

Two-Phase 158

Oscilloscope, Storage 66

Output Power Meter, Audio 90

p

Pad, 50-n coax, GR874 245

50-n coax, GR900 264

75-n coax, GR874 254

Matching, 75·to-50-n coax,

GR874 253

Matching, 75·to-50·n coax,
GR900 267

Panel Connectors, 50-n coax,
GR874 239

75-n coax, GR874 252

Passive Test System 108, 125

Patch Cords, Low-Frequency .. 98,335

Patch Cords, 50-, 72-, 75-n coax,
GR874 251

Pens, Audiometer Recording 35

Pens, Recorder 51,55,87

Phase Detector 159

Photoelectric Pickoffs 284

Photoflash, Stroboscopic 269

Photography and Motion Analysis
Set, Strobe 280

Pickoffs, Photoelectric 284

Pink-Noise Filter 85

Plant-Noise Measurement 24

Plugs and Jack 334

Portable Variac®
autotransformers 304

Potentiometers 337

Power Amplifier, Audio 76

Power Cords 336

Power Divider, 50-n coax, GR874 .. 248

Power-Line Controller 269, 293

Power Meter, Audio Output 90

Power Supply, Adjustable DC 196

Bias 146

HF Oscillator 230

Preamplifier 97

Preamplifier 163

Accessories 98

Microphone 95

Power Supply 97

VHF/UHF 217

Printer, Digital 145

Probe, Coupling, 50-n coax,

GR874 250

Product-Noise Reduction 39

Programmable, Amplifier,
Multichannel 88

Bio-Medical Instruments 103

Bridges 138, 142

Comparators, Limit 144

Counters 326, 328

Decade Attenuator 246

Decade Resistor 184

Detector, RMS 69

Frequency Synthesizers .. 222-227

Network Analyzer 204

Recorders 52, 87

Signal Generator 232

Stroboscope 274

Voltage Regulator 289

Psychoacoustics and Audiometry .. 102

Publications 20

Publications, Strobe 273

Pulse Generators 319, 320
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Q

Quiet Rooms 34

R

Rack Adaptors 338

Radio-Frequency Bridge 211

Random-Noise Generators .. 81, 83, 84

RATS-Anodize Trim System 124

Reactance Charts 342

Real-Time Analyzers 64, 70

Receiver, 30-MHz, I-F Amplifier 215

Recorder, Cassette, Audio Data 47

DC Strip-Chart 86

Graphic Level 49, 52

Portable 47

Potentiometric 49, 52

Programmable 86

Sound-Level 47,49,52

Strip Chart 49, 52

Tape 47

Third-Octave-Band 52

Recording Audiometer 35

Sound and Vibration Analyzer .. 62

Wave Analyzer 62, 63

Rectifier, 50-n coax, GR874 249

Reference Resistance Standard 189

Reference Standard Capacitors
174,175

Reflectometer, Sweep 208

Regulator, Audio-Level 89

Line-Voltage 285

Resistance Anodize Trimmer
Systems 122, 123, 124

Bridge, Automatic 138

Bridge, DC 181

Bridge, Limit 180

Bridge, Manual 150, 152, 154

Bridge, Megohm 182

Comparator 147

Meter, Digital 140

Standards, Coaxial 191

Trim Systems 120

Resistive Termination, 50-n coax,
GR874 244

50-n coax, GR900 263

75-n coax, GR874 254

75-n coax, GR900 267

Resistor, Decade 184-188

Programmable Decade 184

Reference Standard 189

Standard 190

Resistor (cont'd)

Trim System, Anodize
122, 123, 124

Trim System, Laser 120

Response Analyzer, RF 202

RF Bridge, Impedance 211

RF Bridge, 50-, 75-n coax,
GR874 256

RF Network Analyzer 202

RLC Bridge, Automatic 138

RLC Bridge, Manual 150, 152, 154

RMS Detector, Multichannel 69

Rod and Tube for 50-, 75-n Air
Line, GR874 256

Rod and Tube for 50-n Air
Line, GR900 268

Rooms, Audiometric Examination .. 34

Rotatable Centering Ring, GR900 .. 260

s

Sales Offices and Representatives .. 12

Sample Holder, Dielectric 166

Scaler, Frequency 325

Scanned Filter 67

Scanners, System 144

Scanning Amplifier, Multichannel .. 88

SCAT System 104

Screening Audiometer 35

Selection Guide-Automatic Test
Systems 106

Frequency Synthesizers 315

High-Frequency Signal
Sources 220

Line-Voltage Regulators 285

Low-Frequency Oscillators 74

Microphones 99

Osci IIators 316

Product-Noise Reduction 39

Random-Noise Generators 81

Signal Generators 314

Stroboscopes 269

Variac® autotransformers
295,311

Service 17

Shaker Control System, Digital 72

Shaker, Calibration 101

Short Circuit, 50-n coax, GR874 .. 244

75-n coax, GR874 254

Coaxial, GR900 264

Signal Analyzers 56

Generators, Standard 232-236

Sources 314

Sources, High-Frequency 219

Slave Stroboscope 280

Slotted Lines 212, 213

Smith Charts 256

Sorting Systems 129

Sorting Systems, Components 147

Sound-Analysis Systems 48

Sound and Vibration 21

Sound and Vibration Analyzer 57

Sound and Vibration Recording
Analyzer 62

Sound-Level Calibrators 38

Measurement Sets 32

Meter 26, 40

Meter, Precision 45

Recorder 47,49,52

Sound Shelter 34

Sources, Signal 314

S-Parameter Analyzer, RF 202

Spectrum (lIlO-Octave) Analyzer .. 57

Analyzers 58, 60

Analyzers, Real-Time 64, 70

Recorder 49, 52

Recorder Assemblies 62

Square-Wave Oscillator 77

Standard-Signal Generators .. 232-236

Standard Capacitors, Air ..... 172, 178

Capacitors, Coaxial .176, 177, 178

Capacitors, Fixed 174, 175

Capacitors, Mica 179

Capacitors, Variable 172

Inductors 197

Resistance, Coaxial 191

Resistance, Reference 189

Resistor Decades 184-188

Resistors 190

Standing-Wave Meter 216

Standing-Wave Reflectometer 208

Stepped V3-0ctave-Band Analyzer 52

Storage Case, GR900 268

Storage Display Unit 66

Strobe Lamp, Replacement .. 278, 279

Strobolume 274

Stroboscopes 269

Stroboslave 280

Strobotac® electronic
stroboscopes 277, 278

Strobotron, Replacement Lamp ... 278

Stubs, Adjustable, 50-n coax,
GR874 244

Surface-Speed Wheel, Strobe 284

Sweep-Frequency Reflectometer .. 208

Sweep-Frequency Synthesizer 225

Sweep Network Analyzer, RF 202

Sweep, Oscillator/Recorder 52
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SWR Analyzer, Sweep 202

Meter, Sweep 208

Meter, UHF 210

Synthesizers, Frequency 222-227

T

Tables, Decibel 345

Tables, Reactance 342

Tachometers, Stroboscopic 269

Tantalum-Resistor Trim
Systems 122, 123, 124

Techware ,Computer-aided N! C 118

Tee, 50-fi coax, GR874 248

Tenth-Octave Analyzer 57

Automatic 63

Real-Time 64

Terminations, 50-fi coax, GR874 .. 244

50-fi coax, GR900 263

75-fi coax, GR874 254

75-fi coax, GR900 267

Testers, Hearing 33

Testers, Logic-Circuit .. 110, 112, 115

Test Jig 151, 180

Test System, Passive 125

Third-Octave Analyzer 57

Analyzer, Automatic 63

Analyzer, Real-Time 64

Filter 67

Recorder 52

Time and Frequency Meter
(Counter) 326, 328

Time-Data Time-Series Analyzers ... 70

Time-Data Digital Vibration
Control System 72

Time Delay, Strobe 283

Time-Series Analyzers 70

Tone-Burst Generator 321

Tool Kit, coax, GR900 268

Tools, Coax, Crimping, GR874 255

Transformers, Adjustable 293

Transformer Test System 135

Transistor Mounts 255

Trigger, Photoelectric 284

Trimmer Systems,
Anodize 122, 123, 124

Trim System, Laser 120

Tripod, Microphone 97

Trombone, Air Line, 50-fi coax,
GR874 247

Tube and Rod For 50-, 75-fi Air Line,
GR874 256

Tube and Rod For 50-fi Air Line,
GR900 268

Tuned Amplifier and Null Detector .162

Tuner, 50-fi coax, GR900 264

Tuning Stubs, 50-fi coax, GR874 .. 244

TV Strobe Light 274

u

UHF Admittance Meter 210

UHF Preamplifier 217

Ultrasonic Oscillator 77

Universal Filter 91

v

Variable Capacitor, Precision ..... 172

Variac® adjustable
autotransformers 293

Line-Voltage Regulators 285

Replacement Brushes 312

VHF Preamplifier 217

Vibration and Sound 21

Analyzer 57

Calibrator 101

Control System 72

Meter 42

Pickup Preamplifiers 95

Pickups and Systems 100

Recording Analyzer ; .•.... 62

Video Strobe Light 274

Voltage Calibrator, act dc 92

Control Transformers 293

Divider, Decade 323

Regulators, Line 285

Voltmeter Rectifier! Detector, 50-fi
coax, GR874 249

w

Walsh-Healey Noise 24

Warranty Statement 17

Wave Analyzers 58, 60

Wave Analyzer, Recording 62, 63

Wearable Noise-Exposure Monitor .. 30

Wheel, Linear-Speed, Strobe 284

Windscreens, Microphone 97

Wire-Wrapping Systems 116
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Index by Type Number
CAP Power Cords 336

G-S 1703 Recording Audiometer 35

M/S 80 Laser Trim System 120

M-Series Variac® autotransformers. 303

T/ D 1923 Time-Series Analyzers 70

U2 VariaC® autotransformer 296

VB Replacement Brushes (Variac) .312

W50-P1 Paralleling Choke 312

W-Series Variac® autotransformers. 299

80 Laser Trim System 120

274 Adaptors 335

274 Patch Cords 336

274 Plugs and Jacks 334

400 ComputerWrapTM Wire-Wrapping
System 116

480 Rack Adaptors 338

500 ComputerWrapTM Wire-Wrapping
System 116

510 Decade Resistance Units 187

600 ComputerWrapTM Wire-Wrapping
System 116

776 Patch Cords 335

777 Adaptors 335

GR874® coaxial components 237

GR874® 75-n coaxial components. 252

874 Tube and Rod 256

874-A Cable 251

874-B Basic 50-n Connector 238

874-B (75-n )Basic Connector 252

874-BR RF Bridges 256

874-C 50-n Cable Connectors 239

874-C (75-n) Cable Connectors 252

874-D Adjustable Stubs, 50-n 244

874-EKA Basic Slotted Line Kit 212

874-EL Ell 248

874-F Low-Pass Filters 249

874-FBL Bias Insertion Unit 250

874-G Attenuators, 50-n 245

874-G (75-n) Fixed Attenuators 254

874-JR Rotary Joint 248

874-K Coupling Capacitor 250

874-L Air Lines, 50-n 247

874-L (75-n) Rigid Air Line 254

874-LBB Slotted Line 212

874-LV Micrometer Vernier 212

874-MB Coupling Probe 250

874-ML Component Mount 250

874-MP Matching Pad 253

874-MR Mixer/Rectifiers 248

874-P 50-n Panel Connectors 239

874-P (75-n) Panel Connectors 252

874-0 50-n Adaptors 240

874-0 (75-n) Adaptors 252

874-R Patch Cords 251

~74-T Tee 248

874-·r.o Crimping Tools and Kit 255
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874-TPD Power Divider · 248

874-U Line Section 248

874-UB Terminal Units 243

874-UBL Balun 243

874-V Voltmeter Rectifier/Detector. 249

874-VCL Variable Capacitor 245

874-W Terminations, 50-n 244

874-W (75-n) Terminations 254

874-X Insertion Unit 250

874-XL Series Inductor 250

874-Z Stand 255

880-DCA Precision Directional
Coupler 217

890-BT Basic Coaxial Connector 259

GR900® precision coaxial
components 257

GR900® 75-n coaxial components. 266

900 Adaptor Flange 260

900 Adaptor Kit 261

900 Rod and Tube, 50-n 268

900 Rotatable Centering Ring 260

900 Storage Case 268

900-A Basic Connector Kits, 50-n .259

900-BT Basic Precision Connectors
(50-n) 259

900-BT (75-n) Basic Connector 266

900-C 50-n Cable Connectors 260

900-EL 90· Ell 268

900-G Attenuators, 50-n 264

900-L Air Lines 265

900-LB Slotted Line 213

900-LZ Reference Air Lines 265

900-MP Matching Pad 267

900-PKM Panel Mounting Kit 260

900-0 50-n Adaptors 261

900-0 75-n Adaptors 266

900-TOC Cleaning Kit 268

900-TOK Tool Kit 268

900-TUA Tuner 264

900-W 50-n Terminations and
Mismatches 263

900-W 75-n Termination 267

938 Binding Posts 332

940 Decade-Inductor Units 199

970-Series Potentiometers 337

1000 Signal-Generator Accessories. 236

100l-A Standard-Signal Generator. 236

1003 Standard-Signal Generator .. 232

1026 Standard-Signal Generator 234

1061 Frequency Synthesizer 222

1062 Frequency Synthesizer 222

1065 Sweeping Frequency
Synthesizer 225

1157-B Scaler (500 MHz) 325

1161 Frequency Synthesizer 226

1162 Frequency Synthesizer 226

1163 Frequency Synthesizer 226

1164 Frequency Synthesizer 226

1165 Frequency Synthesizer 224

1168 Frequency Synthesizer 224

1191 Counter 326

1192-B Counter 328

1201-C Power Supply (for 1217-C) .320

1203-B Power Supply (for 1217-C) .320

1211-C Oscillators 228

1215-C Osci lIators 228

1217-C Pulse Generator 320

1218-BV Oscillator 230

1232-A Tuned Amplifier and Null
Detector .. 162

1232-P2 Preamplifier 163

1234 Standing-Wave Meter 216

1236 I-F Amplifier 215

1237-A VHF/UHF Preamplifier 217

1238 Detector .. 159

1240 Bridge Oscillator/Detector .. 163

1241 Heterodyne Detectors 214

1262-B Power Supply 41

1262-C Power Supply .43

1263-C Amplitude-Regulating Power
Supply 230

1264-B Modulating Power Supply .230

1265-A Adjustable DC Power
Supply 196

1267-B Regulated Power Supply .. 230

1269-A Power Supply 230

1308-A Audio Oscillator and Power
Amplifier 76

1309-A Oscillator 77

13lO-B Oscillator '.' 78

1311-A Audio Oscillator 79

1312 Decade Oscillator 80

1316 Oscillator 158

1330-A Bridge Oscillator 318

1340 Pulse Generator 319

1346 Audio-Frequency Microvolter .92

1361 Oscillators 230

1362 Oscillators 229

1363 Oscillators 229

1381 Random-Noise Generator 81

1382 Random-Noise Generator 81

1383 Random-Noise Generator 83

1390-B Random-Noise Generator 84

1390-P2 Pink-Noise Filter 85

1396-B Tone-Burst Generator 321

1403 Standard Air Capacitors 178

1404 Reference Standard
Capacitor 175

1405 Coaxial Capacitance
Standards 176

1406 Coaxial Capacitance
Standards 177

1407 Coaxial Capacitance
Standards 178

1408 Reference Standard
Capacitors 174
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1409 Standard Capacitors 179

1412-BC Decade Capacitor 171

1413 Precision Decade Capacitor .167

1419 Decade Capacitors 169

1422 Precision Capacitors 172

1423-A Precision Decade
Capacitor 168

1424 Decade Capacitors 170

1433 Decade Resistors 186

1434 Decade Resistors 188

1435 Programmable Decade
Resistor 184

1436 Decade Resistors 185

1440 Standard Resistors 190

1442 Coaxial Resistance Standards. 191

1444-A Reference Resistance

Standard 189
1450 Attenuator Decade 322

1452 Programmable Attenuator 246

1455 Decade Voltage Divider 323

1482 Standard Inductors 197

1491 Decade Inductors 198

1521-B Accessories 50

1521-B Graphic Level Recorder 49

1522 DC Recorder 86

1523 Graphic Level Recorder 52

1531-AB Strobotac® electronic
stroboscope 277

1531-P2 Flash Delay 283

1531-P3 Surface-Speed Wheel 284

1536-A, -0 Photoelectric Pickoffs .. 284

1537 Photoelectric Pickoff 284

1538-A Strobotac® electronic
stroboscope 277

1538-P1 Replacement Strobotron .278

1539-A Stroboslave® stroboscopic
light scurce 280

1539-Z Motion Analysis and
Photography Set 280

1540 Strobolume® electronic
stroboscope . . . . . . . . . . . . . . . .274

1541 Multiflash Generator 281

1542-B StrobotaC® electronic
stroboscope 278

1543 StrobotaC® electronic
stroboscope 278

1544 Strobotac® electronic
stroboscope 278

1551-C Sound-Level Meter 40

1553-A Vibration Meter .42

1556-B Impact-Noise Analyzer 27

1557-A Vibration Calibrator 101

1560 Condenser Microphone Sets .. 99

1560 Earphone Couplers 37

1560 Microphone Adaptors 98

1560 Microphone Cables 98

1560 Microphone Windscreens 97

1560 Patch Cords 98

1560 Preamplifier Accessories 98
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1560 Tripod 97

1560 Vibration Pickups and

Systems 100

1560-P5, -P6 Ceramic Microphones. 94

1560-P35 Permanent-Magnet
Clamp 43

1560-P40 Preamplifier 96

1560-P42 Preamplifier 95

1560-P60 Battery Charger 91

1560-P62 Power Supply 97

1562 Microphone Adaptors 98

1562-A Sound-Level Calibrator 38

1562-Z Audiometer Calibration Set .. 37

1563 Sound-Level Measurement Set. 32

1563 Sound-Level Meter 26

1564-A Sound and Vibration
Analyzer 57

1565 Sound-Level Measurement Set. 32

1565-B Sound-Level Meter 26

1566 Multichannel Amplifier 88

1567 Sound-Level Calibrator 38

1568-A Wave Analyzer 58

1569 Automatic Level Regulator 89

1571 Automatic Voltage Regulator. 290

1581 Automatic Voltage Regulator. 291

1582 Automatic Voltage Regulator. 291

1585 Automatic Voltage Regulator. 292

1591 Automatic Voltage Regulator .,288

1592 Automatic Voltage Regulator. 289

1602-B UHF Admittance Meter ... 210

1606-B Radio Frequency Bridge .. 211

1607 Transistor Mounts 206, 255

1608-A Impedance Bridge 152

1615-A Capacitance Bridge 161

1616 Precision Capacitance Bridge. 157

1617 Capacitance Bridge 164

1620-A Capacitance-Measuring
Assembly 160

1621 Precision Capacitance-
Measuring System 156

1630-AV Inductance-Measuring
Assembly 194

1632-A Inductance Bridge 193

1633-A Incremental-Inductance
Bridge 195

1641 Sweep-Frequency
Reflectometer 208

1644-A Megohm Bridge 182

1650-B Impedance Bridge 154

1650-Pl Test Jig 151

1654 Impedance Comparator 147

1654-Z Sorting Systems 147

1656 Impedance Bridge 150

1660-A Precision Inductance-
Measuring Assembly 192

1662 Resistance Limit Bridge 180

1662-P1 Test Fixture 180

1666 DC Resistance Bridge 181

1682 Automatic Capacitance Bridge,
1 MHz 142

1682 Test Fixtures 142

1683 Automatic RLC Bridge 138

1683-Pl Test Fixture 139

1684 Digital Impedance Meter 140

1690 Dielectric Sample Holder 166

1703 Recording Audiometer 35

1710 RF Network Analyzer ., 202

1713 S-Parameter Measuring Set .. 206

1715 Sampling X-V Recorder ..... 207

1717 Counter! Marker Generator .. 207

1730 Linear Circuit Tester 126

1770 Scanners 144

1781 Digital Limit Comparators 144

1782 Analog Limit Comparator 149

1783 Digital Limit Comparator 144

1785 Digital Printer 145

1790 Logic-Circuit Analyzer 112

1791 Card-Punch Coupler 145

1792 Logic-Circuit Test System 110

1793 Logic-Circuit Tester 115

1840-A Output Power Meter 90

1863 Megohmmeter 183

1864 Megohmmeter 183

1900-A Wave Analyzer 60

1900-P1, -P3 Link Units 61

1910-A Recording Wave Analyzer 62

1911-A Recording Sound and
Vibration Analyzer 62

1913 Recording Wave Analyzer 63

1921 Real-Time Analyzer 64

1921-P2 Storage Display Unit 66

1923 Time-Series Analyzers 70

1923-V Digital Vibration Control
System 72

1925 Multifilter 67

1926 Multichannel RMS Detector 69

1933 Sound-Analysis Systems .48

1933 Precision Sound-Level Meter
and Analyzer 45

1934 Noise-Exposure Monitor 28

1935 Cassette Data Recorder .47

1935 Sound-Analysis Systems 48

1938 Sound Shelter 34

1939 Aud iometric Exam Room 34

1940 Power Supply and Charger 47

1944 Noise-Exposure Dosimeter 30

1952 Universal Filter 91

1961, 1962, 1963 Electret-
Condenser Microphones 93

1962 Microphone Attenuator 98

1972 Ceramic Microphone 95

1972 Preamplifier! Adaptor 96

2200 Multistation Test System 108

2230 Passive Test System 125

2250 Laser Trim System 120

2260 RF Network Analyzer System. 206
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EFFECTIVE November 5, 1972

I General Radio

SUPERSEDES ALL PREVIOUS LISTS AND PRICES APPEARING IN LITERATURE

EXPORT ORDERS
Export order handling charge of $15 per order.

Special packing charge. such as for ocean
freight:

~

I
I

I
(

The Quantity-Discount and Export-Orders schedules apply to the items listed on this
Price List for which prices are given and for those GR products for which prices are
available upon request. Quantity discounts apply to identical units purchased on a single
order, normally for single shipment to one destination.

QUANTITY-DISCOUNT SCHEDULE
No. of Units 1-9 10-19 20-49 50-99 100

Discount 10% 13% 17% 20%

Except where noted otherwise. prices are net F.O.B. Concord. Massachusetts. USA.
Minimum billing $10.00 except for repair parts and cash-with-order transactions.

Source Inspection Surcharge 1%, minimum $2.50 per shipment.

All prices subject to change without notice.

Order Value

$10to $500
501 to 2.500

2.501 to 5.000
5.001 to 10,000

10.001 and up

Special
Packing Charge

$10.00
25.00
50.00

100.00
200.00

Grason-Stadler products appear on page 14
Micronetic Systems products appear on page 12
Time/Data products appear on page 11

Quick Reference (Catalog Number and Price) appears on pages 14-16,
arranged numerically by catalog number.

Description Catalog Cat. 73 Price Description Catalog Cat. 73 Price
Numblw Page Numblw Page

274 ITEMS 510 DECADE-RESISTANCE UNITS

274-0BJ Adaptor 0274-9884 335 $4.05 510-AA O.Ol-ohm steps 0510-9806 187 $30.00
274-J Short Jack 0274-9710 334 .15 510-A O_l-ohm steps 0510-9701 187 30.00

Patch Cords 51.O-B 1_0-ohm steps 0510-9702 187 35.50

Banana-Plug Patch Cords: 510-C lO-ohm steps 0510-9703 187 35.50

274-LLB Single, Black 0274-9468 336 2.10 510-D 100-ohm steps 0510-9704 187 35.50

274-LLR Single. Red 0274-9492 336 2.10 510-E 1-kilohm steps 0510-9705 187 30.00

274-NO Double. in-line 0274-9860 336 5_40 510-F lO-kilohm steps 0510-9706 187 30.00

274-NP Double, right angle 0274-9880 336 5.40 510-G 100-kilohm steps 0510-9707 187 58_00

274-NL Shielded Double-Plug Patch Cord 0274-9883 336 8.00 510-H lOoo-kilohm steps 0510-9708 187 124.00

Plugs
510-P4 Switch only (black phenolic frame) 0510-9604 187 17.50
51O-P4L Switch only (low-loss phenolic frame) 0510-9511 187 17_00

274-MB Insulated Double Plug 0274-9875 334 1.00
274-NK Shielded Double Plug 0274-9877 334 2.70 631-P1 Strobotron 0631-9601 19.50

Single Plugs: 776-A Patch Cord 0776-9701 335 8.00

274-DB1 Insulated, Black 0274-9454 334 .70 776-B Patch Cord 0776-9702 335 10.00

274-DB2 Insulated, Red 0274-9455 334 .70 776-C Patch Cord 0776-9703 336 8.00

274-U Jack top 0274-9721 334 .50 777-03 Adaptor 0777-9703 335.243 8_00

274-P Solid stud top 0274-9716 334 .25 777-04 Adaptor 0777-9704 335 4.25

480.481. and 482 RACK-ADAPTOR SETS
GR874®COAXIAL COMPONENTS

480 For 1433 16-dial), 1455 15-diall 0480-2020 338 7.50 5O-n Connectors

480 For 1433 15-diall, 1455 14-dial) 0480-2060 338 10.00 Basic 5O-n Connectors:

480 For 1433 (4-dial) 0480-2080 338 10.50 874-B, non-locking 0874-9400 238 3.00

480 For 1433 (7-dial) 0480-2091 338 13.00 874-BBL, locking 0874-9403 238 4.75

480 For 1241-9701 and -9703 0480-9670 338 17.00 5O-n Cable Connectors:

480 For 1241-9705 0480-9671 338 17.00 874-CA, non-locking 0874-9410 239 4.75

480 For 1192-Z, 1192 + 1157-B 0480-9702 338 14.00 874-CLA, locking 0874-9411 239 6.50

480 For 1413 0480-9703 338 21.00 874-C8A, non-locking 0874-9412 239 5_00

480 For 1491 0480-9705 338 23.00 874-CL8A, locking 0874-9413 239 6.50

480 For 1157-B, 1192, 1381, 1382, 1436 0480-9722 338 28.00 874-C58A. non-locking 0874-9414 239 4.50

480 For 1340, 1396-B 0480-9723 338 29_50 874-CL58A, locking 0874-9415 239 6.25

480 For 1560-P62 0480-9742 338 21.00 874-C62A, non-locking 0874-9416 239 4_50

480-P212 For 1840-A 0480-9822 338 12.00 874-CL62A, locking 0874-9417 239 6.00

480-P316 For 1232-A + 1311, 1240-A 0480-9836 338 8.00 874-C174A. non-locking 0874-9418 239 8.00

480-P317 For 1232-A + 1232-P1 + 1311, 874-CL 174A,Iocking 0874-9419 239 9.45

1240-AP 0480-9837 338 11.00 5O-n Panel Connectors:

480-P308 For 1232-A,1309-A. 1310-B.1311 0480-9838 338 11.50 874-PBA, non-locking 0874-9440 239 6.70

480-P412 For 1390-B 0480-9842 338 12.00 874-PLA. locking 0874-9441 239 6.00
480-P408 For 1211-C', 1236,1241-9705, 874-PR LA, recessed locking 0874-9461 239 6_40

1263,1264 0480-9848 338 20.00 874-PB8A, non-locking 0874-9442 239 6.75
480-P4U3 For 1217 0480·9986 338 18.00 874-PL8A, locking 0874-9443 239 6.00
481-P412 For 1211-C' + 1267 or 1264, 874-PR L8A. recessed lock ing 0874-9463 239 6.25

1218-BV 0481-9842 338 33.00 874-PB58A, non-locking 0874-9444 239 6.70
481-P416 For 1211-C*+12630r 1264, 874-PL58A, locking 0874-9445 239 5.60

1218 BV + 1267 0481-9846 338 31_00 874-PRL58A, recessed locking 0874-9465 239 6.00
482-P412 For 1218-BV + 1263 or 1264 0482-9842 338 45.00 874-PB62A, non-locking 0874-9446 239 6_70

874-PL62A, locking 0874-9447 239 5.80
'Also 1361-A, 1362. or 1363. 874-PRL62A, recessed locking 0874-9467 239 6.00
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874-PB174A, non-locking 0874-9448 239 $8.50 874-L20L, 20 em, w/locking 874 0874-9609 247 $21.00
874-PL174A, locking 0874-9449 239 7.40 874-L30, 30 em, w/non-Iocking 874 0874-9612 247 21.00
874·PR L174A, recessed locking 0874-9469 239 8.00 874-L30L, 30 em, w/locking 874 0874-9613 247 24.00
874-PLT, locking 0874-9459 239 5.50 5O-n Adjustable Air Line:
874-PR LT, recessed locking 0874-9479 239 7.00 874-LAL, 25 em, w/locking 874 0874·9621 247 49.00

874-PF L Panel Feedthrough Connector 0874-9451 239 14.75 50-n Constant-I mpedance Adjustable Air Lines:

5O-n Adaptors
874-LK10L, 10 em, w/locking 874 0874·9627 247 72.00

5O-n Adaptors to BNC:
874-LK20L, 20 em, w/locking 874 0874-9631 247 85.00

874-0BJA, jack w/non-Iocking 874 0874-9700 241 7.50
50-n Trombone Constant-Impedance Adjustable Air Line:

874-0BJL, jack w/locking 874 0874-9701 241 9.25
874-LTL, 44 em, w/locking 874 0874-9645 247 185.00

874-0BPA, plug w/non-Iocking 874 0874-9800 241 10.50 Other GR874®50-n Items
874-0BPAL, plug w/locking 874 0874-9801 241 12.00 874-BR (50 n) RF Bridge 0874-9453 256 250.00

5O-n Adaptors to C: 5O-n Coaxial Cable:
874-0CJA, jack w/non-Iocking 874 0874-9702 241 10.50 874-A2, low-loss,
874-0CJL, jack w/locking 874 0874-9703 241 12.75 polyethylene, 100 ft. 0874-9862 251 60.00
874-0CP, plug w/non-Iocking 874 0874-9802 241 10.25 874-A3, general-purpose,

5O-n Adaptors to HN: polyethylene, 100ft. 0874-9863 251 30.00

874-0HJA, jack w/non-Iocking 874 0874-9704 241 12.25 874-9508 Inner-Conductor Rod (50 n) 0874·9508 256 6.50

874-0HPA, plug w/non-Iocking 874 0874-9804 241 14.25 874-9509 Outer·Conductor

50-n Adaptors to Microdot: Tube (50 and 75 n) 0874·9509 256 6.50

874-0MDJ, jack w/non-Iocking 874 0874-9720 241 14.50 Adjustable stubs for 5O-n Lines:

874-0MDJL, jack w/locking 874 0874-9721 241 16.50 874-D20L, 20 em, w/locking 874 0874-9511 244 35.00

874-0MDP, plug w/non-Iocking 874 0874-9820 241 16.50 874-D50L, 50 em. w/locking 874 0874-9513 244 42.00

5O-n Adaptors to N: 5O-n 90
0

Ells:

874-0NJA, jack w/non-Iocking 874 0874-9710 242 7.50 874-EL, w/non-Iocking 874 0874-9526 248 17.00

874·0NJL, jack w/locking 874 0874-9711 242 9.00 874-EL-L, w/locking 874 0874-9527 248 20.00

874-0NP, plug w/non-Iocking 874 0874-9810 242 8.00 874-U, U-Line Section, w/non-Iocking 874 0874-9528 248 35.00

874-0NPL, plug w/locking 874 0874-9811 242 9.75 5O-n Low-Pass Filters:

5O-n Adaptors to SMA: 874-F185L, 185 MHz, w/locking 874 0874-9533 249 60.00

874-0MMJ, jack w/non·locking 874 0874-9722 242 22.00 874-F500L, 500 MHz, w/locking 874 0874-9537 249 37.00

874-0MMJL, jack w/locking 874 0874-9723 242 25.00 874-Fl000L,1 GHz, w/locking 874 0874-9541 249 35.00

874-0MMP, plug w/non-Iocking 874 0874-9822 242 29.50 874-F20ooL,2 GHz, w/locking 874 0874-9545 249 35.00

874-0MMPL, plug w/locking 874 0874-9823 242 31.50 874-JR Rotary Joint, 50 n, w/non-Iocking 874 0874-9590 248 25.00

5O-n Adaptors to TNC: 5O-n Coupling Capacitors:

874-0TNJ, jack w/non-Iocking 874 0874-9716 242 12.75 874-K, w/non-Iocking 874 0874-9596 250 16.00

874-0TNJL, jack w/locking 874 0874-9717 242 15.25 874-KL, w/locking 874 0874-9597 250 20.00

874-0TNP, plug w/non-Iocking 874 0874-9816 242 16.50 874-ML Component Mount, w/locking 874 0874-9663 250 61.00

5O-n Adaptors to UHF: 874-MB Coupling Probe, w/non-Iocking 874 ·0874-9666 250 9.00
874-0UJ, jack w/non-Iocking 874 0874-9718 242 8.00 5O-n Coaxial Patch Cords (3 ftl:
874·0UJL, jack w/locking 874 0874-9719 242 9.50 874-R20A, w/non-Iocking 874 0874-9680 251 18.50
874-0UP, plug w/non-Iocking 874 0874-9818 242 8.00 874-R20LA, w/locking 874 0874-9681 251 21.50

5O-n Adaptor to 7-mm Precision: 874-R22A, w/non-Iocking 874 0874-9682 251 17.50
874-0AP7L, APC-7 w/locking 874 0874-9791 242 80.00 874-R22LA, w/locking 874 0874-9683 251 20.50

5O-n Adaptor to GR900: 874-R34, w/shielded double banana plug 0874-9692 251 11.50

874-09OOL, GR900 w/locking 874 0874-9709 243 25.00 874-FBL Bias Insertion Unit, w/locking 874 0874-9759 250 95.00

5O-n Adaptor to Binding Posts: 874-T08 Crimping Tool 0874-9900 255 140.00

874-02, jacks w/non-Iocking 874 0874-9870 243 6.50 874-T058 Crimping Tool 0874-9901 255 140.00

5O-n Adaptors to Banana Plugs: 874-TOK Tool Kit 0874-9902 255 40.00

777-03, shielded plugs 0777-9703 243 8.00 5O-n Tees:

874-010, unshielded plugs 0874-9876 243 6.50 874-T, w/non-Iocking 874 0874-9910 248 21.00

50-n 874-9099 Adaptor Kit 0874-9099 240 375.00 874-TL, w/locking 874 0874-9911 248 26.00

874-UBL Balun 0874·9921 243 200.00
5O-n Power Dividers:

874-UB-P2 200·n Terminal Unit 0874-9923 243 19.00
874-TPD, w/non-Iocking 874 0874-9912 248 94.00

874-UB-P3 300-n Terminal Pad 0874·9924 243 43.00
874-TPDL, w/locking 874 0874-9913 248 99.00

874-VCL Variable Capacitor, w/locking 874 0874-9931 245 122.00

Terminations for so-n Lines 50-n Voltmeter Detectors:

Short-Circuit Terminations for 5O-n Lines: 874-VO, w/non-Iocking 874 0874-9940 249 42.00

874-WN, w/non-Iocking 874 0874-9970 244 9.75 874-VOL, w/locking 874 0874-9941 249 45.00

874-WNL, w/locking 874 0874-9971 244 11.25
5O-n Voltmeter Rectifiers:

874-WN3, w/non-Iocking 874 0874-9972 244 9.75 874-VR. w/non-Iocking 874 0874·9942 249 48.00

Open-Circuit Terminations for 5O-n Lines: 874-VR L, w/locking 874 0874-9943 249 51.00

874-WO, w/non-Iocking 874 0874-9980 244 8.75 5O-n Mixer Rectifiers:

874-WOL, w/locking 874 0874-9981 244 10.25 874-MR, w/non-Iocking 874 0874-9944 249 55.00

874-W03, w/non-Iocking 874 0874-9982 244 8.75 874-MRL, w/locking 874 0874-9945 249 58.00

Resistive Terminations for 50-n Lines: 874-MRAL Mixer, w/locking 874 0874-9947 249 89.00

874-W50B, 50 n, w/non-Iocking 874 0874-9954 244 34.00 874-X Insertion Unit, w/non-Iocking 874 0874-9990 250 21.00

874-W50BL, 50 n, w/locking 874 0874-9955 244 35.50 874-Z Stand 0874-9996 255 38.00

874-Wloo, 100 n, w/non-Iocking 874 0874-9956 244 55.00 874·ZC Extra Clamp 0874-9997 255 3.00

874-W2oo, 200 n, w/non-Iocking 874 0874-9958 244 80.00 874-XL Series Inductor, w/non-Iocking 874 0874-9998 250 31.00

so·n Attenuators
75-n Connectors (all lockingI
874-B (75-n) Basic Connector 0874-9730 252 4.50

5o-n Fixed Attenuators: 75-n Cable Connectors:
874-G3, 3 dB, w/non-Iocking 874 0874-9564 245 42.00 874-Cll 0874-9742 252 7.50
874-G3L, 3 dB, w/locking 874 0874-9565 245 45.00 874-C59 0874-9743 252 7.00
874-G6, 6 dB, w/non-Iocking 874 0874-9568 245 42.00 874-C187 0874-9744 252 7.50
874-G6L, 6 dB, w/locking 874 0874-9569 245 45.00 75-n Panel Connectors:
874-Gl0, 10 dB, w/non-Iocking 874 0874-9570 245 42.00 874-Pll 0874-9745 252 7.50
874-G1OL, 10 dB, w/locking 874 0874-9571 245 45.00 874-P59 0874-9746 252 7.00
874-G14, 14 dB, w/non-Iocking 874 0874·9560 245 42.00 874-P187 0874-9747 252 7.50
874-G14L, 14 dB, w/locking 874 0874·9561 245 45.00 75-n Adaptors (all locking)
874-G20, 20 dB, w/non-Iocking 874 0874·9572 245 42.00 75-n Adaptors to BNC:
874·G20L, 20 dB, w/locking 874 0874·9573 245 45.00 874-0BJ, w/BNC jack 0874-9750 252 15.00

5O-n Adjustable Attenuator: 874-0BP, w/BNC plug 0874-9751 252 15.00
874-GAL 50-n Adjustable Attenuator 0874·9577 245 150.00 75-n Adaptors to F:

so-n Air Lines 874-0FJ, w/F jack 0874-9748 253 19.50
50-n Fixed Rigid Air Lines: 874-0FP, w/F plug 0874-9749 253 19.50

874-L10.10 em, w/non-Iocking 874 0874-9604 247 15.00 75-n Adaptors to N:
874-L 10L, 10 em, w/locking 874 0874·9605 247 18.00 874-0NJ, wiN jack 0874-9754 253 18.00
874·L20, 20 em. w/non-Iocking 874 0874-9608 247 18.00 874-0NP, wiN plug 0874-9755 253 18.00
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75-il Adaptors to Western Electric (Iargel:
874-0WJL, w/large WE jack 0874-9740 253 $45.00 SO·il Precision Attenuators
874-0WPL, w/large WE plug 0874-9741 253 45.00 5O-il Precision Fixed Attenuators:

75-il Adaptors to Western Electric (small!: 9OO-G6,6dB 0900-9850 264 $230.00
874-0WJS, w/small WE jack 0874-9738 253 45.00 9OO-G10,10dB 0900-9851 264 230.00
874-0WPS, w/small WE plug 0874-9739 253 45.00 SO-il Air Lines

874-0900 Adaptor, GR874 (75-il) to GR900 Reference-Air-Line Set 0900-9452 265 1,080.00
GR900 (75-il) 0874-9733 253 65.00 GR900 Storage Case 0900-9450 265 52.00

874-MP Matching Pad, 75 il to 50 il 0874-9736 253 50.00 5O-il Reference Air Lines:
874-WN (75 il) Short-Circuit Termination 0874-9732 254 11.25 900-LZ3, 3 cm 0900-9603 265 113.00

874-WO (75 il) Open-Circuit Termination 0874-9752 254 10.25 9OO-LZ5, 5 cm 0900-9600 265 118.00

874-W75 75-il Termination 0874-9737 254 45.00 9OO-LZ6, 6 cm 0900-9601 265 124_00

75-il Fixed Attenuators: 9OO-LZ7H, 7.5 cm 0900-9602 265 124.00

874-G6, 6-dB attenuation 0874-9731 254 45.00 9OO-LZ10. 10 cm 0900-9604 265 131.00

874-Gl0, 10-dB attenuation 0874-9734 254 45.00 900-LZ15. 15 cm 0900-9606 265 149.00

874-L30 (75 il) Rigid Air Line 0874-9735 254 24.00 9OO-LZ3O. 30 cm 0900-9612 265 185.00

874-9550 Inner-Conductor Rod (75 il) 0874-9550 256 6.00 5O-il Precision Air Lines:

75-il Coa>\ial Patch Cords (3 ft): 9OO-L3,3cm 0900-9608 265 131.00

874-R33 (72 il), w/pair of banana plugs 0874-9690 251 11_00 9OO-L10. 10 cm 0900-9605 265 154.00

874-R20L 0874-9757 251 29.00 9OO-L15, 15 cm 0900-9607 265 161.00

874-R22L 0874-9758 251 29.00 900-L30, 30 cm 0900-9613 265 179.00

874-BR (75 il) RF Bridge 0874-9756 256 250.00 75-il Precision Connector

GR874®COAXIAL INSTRUMENTS
9OO-BT (75-il) Precision Coaxial Connector 0900-9730 266 40.00

874-EKA Basic Slotted-Line Kit 0874-9521 212 1,025.00 75·il Precision Adaptors

874-LBB Slotted Line 0874-9651 212 550.00 75-il Adaptors to F:

874-LV Micrometer Vernier 0874-9652 212 56.00 900-0FJ, w/F jack 0900-9738 266 65.00

88O-DCA Precision Directional Coupler 0880-9500 217 675.00
900-0FP. w/F plug 0900-9739 266 65.00

75-il Adaptors to Western Electric (large):
890-BT 50-il Low-Cost Basic Precision 9OO-0WJL, w/large WE jack 0900-9736 266 90.00

Coaxial Connector 0890-9405 259 26.00 900-0WPL, w/large WE plug 0900-9737 266 90.00
GR900®COAXIAL PRECISION COMPONENTS 75-il Adaptors to Western Electric (small):

SO-il Precision Connector.; and Connector Kils 900-0WJS, w/small WE jack 0900-9734 267 90.00

5O-il Laboratory Precision Connector Kits: 900-0WPS, w/small WE plug . . . . 0900-9735 267 90.00

900-AB 0900-9402 260 8.00 Precision Adaptor. 75-to-50 il GR900:

900-AC 0900-9404 260 12.00 900-075 Precision Adaptor, 5O-to-75 il 0900-9731 267 60.00

900-AP 0900-9406 260 9.50 75-to-50 il Precision Matching Pad:
5O-il Basic Precision Coaxial Connectors: 900-MP 5O-to-75 il Precision Matching Pad 0900·9732 267 150.00

900-BT, single 0900-9405 259 42.00 Precision 75-il Termination:
900-BT, pair, w/calibration certificate 0900-9407 259 95.00 900-W75 Precision Standard Termination 0900-9733 267 80.00

5O-il Coaxial Cable Precision Connectors: Other GR900 Items
900-C9 0900-9421 260 69.00 Panel Mounting Kits:
900-C58 0900-9431 260 82.00 900·PKM, non-rotatable 0900-9498 260 16.00

OO-il Precision Adaptors 900-PKMR, rotatable 0900·9500 260 32.00
GR900 Precision Adaptor Set 0900-9451 261 1,665.00 GR900 Rotatable Centering Ring 0900-9499 260 30.00
GR900 Storage Case 0900-9450 261 52.00 900-9507 5O-il Precision Inner-
5O-il Precision Adaptors to BNC: Conductor Rod 0900-9507 268 26.00

900-0BJ, w/BNC jack 0900-9701 261 98.00 900-9509 Precision Outer-Conductor Tube 0900-9509 268 51.00
900-0BP, w/BNC plug 0900-9801 261 105.00 9OO·EL Precision 900 Ell (50-il) 0900·9527 268 255.00

5O-il Precision Adaptors to C: 9OO-TOC Cleaning Kit 0900-9610 268 9.75
900·0CJ, w/C jack 0900-9703 261 105.00 9OO-TUA Tuner 0900-9635 264 340.00
900-0CP, w/C plug 0900-9803 261 105.00 900-9782 Adaptor Flange 0900-9782 260 16.00

5O-il Precision Adaptors to N: 9OO-TOK Tool Kit 0900-9902 268 154.00

900-0NJ, wiN jack 0900-9711 261 93.00 Accessory Tools, for use with 900-TOK

900-0NP. wiN plug 0900-9811 261 86.00 on 900-BT (75-il) 0900-9904 268 75.00

5O-il Precision Adaptors to TNC: 9OO-LB Precision Slotted Line 0900·9651 213 1,395.00
900-0TNJ, w/TNC jack 0900-9717 262 105.00 938 BINDINGS POSTS and JACKS
900-0TNP. w{TNC plug 0900-9817 262 105.00 938 Binding-Post Assemblies, Copper:

5O-il Precision Adaptors to SMA: 938-HB, w/black top and insulator 0938-9852 333 1.20
900-0MMJ. w/SMA jack 0900-9723 262 105.00 938-KR. wired top and insulators 0938-9855 333 1.20
900·0MMP, w/SMA plug 0900-9823 262 105.00 938-GB, w/metal top, black insulators 0938-9842 333 1.20

5O-il Precision Adaptors to SC: 938-GR w/metal top, red insulators 0938-9845 333 1.20
900-0SCJ, w/SC jack 0900-9713 262 105.00 938-GM w/toothed spacer, uninsulated 0938-9834 333 1.30
900-0SCP, w/SC plug 0900-9813 262 105.00 938 Binding-Post Assemblies, Brass:

5O-il Precision Adaptors to 7-mm Precision: 938-WB w/black top and insulators 0938-9872 333 .90
900-0AP7, w/APC-7 connector 0900-9791 262 140.00 938-WR wired top and insulators 0938-9882 333 .90
900-0PF7, w/R&S connector 0900-9793 262 150.00 938-W w/metal toP. black insulators 0938-9743 333 .75

5O-il Precision Adaptor to GR874: 938-R w/metal top, red insulators 0938-9728 333 .75
900·0874, w/locking 874 0900·9883 262 81.00 938-P w/toothed spacer, uninsulated 0938-9727 333 .75

5O-il Precision Adaptor to Binding Posts: 938 Binding Posts:
900·09 0900-9874 262 69.00 938-H w/black top, copper 0938-9708 333 1.00

SO-il Precision Terminations 938-K wired top, copper 0938-9711 333 1.00
Precision Resistive Terminations: 938-G w/metal top. copper 0938-9707 333 1.00

900·W50 50-il Standard Termination 0900-9953 263 80.00 938-C w/black top, brass 0938-9733 333 _65
900-Wl00 l00-il Standard Termination 0900-9957 263 100.00 938-0 wired top, brass 0938-9734 333 .65
900-W200 200-il Standard Termination 0900-9959 263 100.00 938-A w/metal top, brass 0938-9731 333 .65

Precision Mismatches: 938 Jacks:
900-WRll0 Standard Mismatch. SWR 1.1 0900-9961 263 85.00 938-XB Insulated assembly. black 0938-9877 334 .70
900-WR 120 Standard Mismatch, SWR 1.2 0900-9963 263 85.00 938-XR Insulated assembly. red 0938-9878 334 .70
900-WR 150 Standard Mismatch, SWR 1.5 0900-9965 263 85.00 938-J Long jack 0938-9710 334 .55

50-il Precision Open-Circuit Terminations: 938 Accessories:
900-WO, plane at 0.26 cm 0900-9981 263 20.00 938-LG Shorting link, gold-plated brass 0938-9503 333 .25
900-W04. plane at 4 cm 0900-9985 263 99.00 938-L Shorting link. nickel-plated brass 0938-9712 333 .10

5O-il Precision Short-Circuit Terminations: 938-BB Insulators. black, pair 0938-9818 333 .10
900-WN, w/o support, plane at 0.00 cm 0900-9971 264 20.00 938-BR Insulators. red, pair 0938-9822 333 .10
900-WN4. w/support, plane at 4 cm 0900-9975 264 88.00 938-YB Double insulators, pair 0938-9873 333 .15
900-WNC, w/support. plane at 0.00 cm 0900-9977 264 32.00 938-FG Spacer {toothed). gold-plated 0938-9830 333 .15
900-WNE, w/support. plane at 0.26 cm 0900-9979 264 32.00 938-F Spacer (toothed), nickel-plated 0938-9706 333 .10
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940 DECADE-INDUCTOR UNITS
1161 Frequency Synthesizers. 0 to 100 kHz

940-DD 1 mH tota!. loo-ILH steps 0940-9810 199 $245.00
940-E 0.01 H total, O.OOl-H steps 0940-9705 199 220.00

With Manual Step Decades:

940-F 0.1 H total, O.Ol-H steps. 0940-9706 199 165.00
1161-A3, smallest step 100 Hz 1161-9413 226 $3,680.00

940-G 1 H total, O.l-H steps. 0940-9707 199 220.00
1161-A4, smallest step 10Hz 1161·9414 226 3.880.OG

94D-H 10 H total. 1-H steps 0940·9708 199 245.00
1161-A5. smallest step 1.0 Hz 1161-9415 226 4,080.00
1161-A6. smallest step 0.1 Hz 1161-9416 226 4,280.00

97G-SE RIES POTENTIOMETE RS 1161-A7.smalleststepO.Ol Hz 1161-9417 226 4,480.00
971-B 2 ohms 0971-9702 337 11.00 With Manual/Programmable Step Decades:
971-C 5 ohms 0971-9703 337 11.00 1161-AR3. smallest step 100 Hz, 1161-9503 226 3.770.00
971-D 10 ohms 0971-9704 337 11.00 1161-AR4. smallest step 10 Hz 1161·9504 226 4.000.00
971-E 20 ohms 0971-9705 337 11.00 1161-AR5. smallest step 1.0 Hz 1161-9505 226 4,230.00
971-F 50 ohms 0971-9706 337 11.00 1161-AR6. smallest step 0.1 Hz 1161-9506 226 4,460.00

971-G 100 ohms 0971-9707 337 11.00 1161-AR7. smallest step 0.01 Hz 1161-9507 226 4,690.00

971-H 200 ohms 0971·9708 337 11.00 With Manual/Programmable Step Decades and CAD:
971~ 500 ohms 0971-9710 337 11.00 1161·AR3C. smallest step 100 Hz 1161-9523 226 4,070.00 I

971·K 1000 ohms 0971-9711 337 11.00 1161·AR4C. smallest step 10 Hz 1161-9524 226 4,300.00

971-L 2000 ohms 0971-9712 337 11.00 1161-AR5C. smallest step 1.0 Hz 1161-9525 226 4,530.00

971·M 5000 ohms 0971-9713 337 11.00 1161-AR6C.smalleststepO.l Hz 1161-9526 226 4,760.00

971-N 10.000 ohms 0971-9714 337 11.00 1161·AR7C, smallest step 0.01 Hz 1161-9527 226 4,990.00

971-P 20,000 ohms 0971-9716 337 11.00 With Manual Step Decades and CAD:

973-C 5 ohms 0973-9703 337 11.50 1161-A3C, smallest step 100 Hz 1161·9593 226 3,980.00

973-D 10 ohms 0973-9704 337 11.50 1161-A4C. smallest step 10 Hz 1161-9594 226 4.180.00

973-E 20 ohms 0973-9705 337 11.50 1161-A5C. smallest step 1.0 Hz 1161-9595 226 4,380.00

973-F 50 ohms 0973-9706 337 11.50 1161-A6C. smallest step 0.1 Hz 1161-9596 226 4,580.00
973-G 100 ohms 0973-9707 337 11.50 1161-A7C, smallest step 0.01 Hz 1161·9597 226 4,780.00 I
973-H 200 ohms 0973-9708 337 11.50 1162 Frequency Synthesizers. 0 to 1 MHz
973-J 500 ohms 0973-9710 337 11.50 With Manual Step Decades:
973·K 1000 ohms 0973-9711 337 11.50 1162·A3, smallest step 1 kHz 1162-9413 226 3.680.00
973-L 2000 ohms 0973-9712 337 11.50 1162-A4, smallest step 100 Hz 1162-9414 226 3.880.00
973·M 5000 ohms 0973-9713 337 11.50 1162-A5, smallest step 10Hz 1162-9415 226 4,080.00 I
973-N 10.000 ohms 0973-9714 337 11.50 1162-A6. smallest step 1.0 Hz 1162-9416 226 4,280.00
973-P 20,000 ohms 0973-9716 337 11.50 1162·A7, smallest step 0.1 Hz 1162·9417 226 4,480.00
973-0 50,000 ohms 0973-9717 337 11.50 With Manual/Programmable Step Decades:
975·J 500 ohms 0975-9710 337 13.50 1162-AR3. smallest step 1 kHz 1162-9503 226 3,770.00
975-K 1000 ohms 0975-9711 337 13.50 1162·AR4, smallest step 100 Hz 1162-9504 226 4,000.00
975-L 2000 ohms 0975-9712 337 13.50 1162-AR5, smallest step 10 Hz 1162-9505 226 4,230.00
975-M 5000 ohms 0975-9713 337 13.50 1162-AR6, smallest step 1.0 Hz 1162·9506 226 4,460.00
975-N 10,000 ohms 0975-9714 337 13.50 1162·AR7 smallest step 0.1 Hz 1162-9507 226 4,690.00
975-P 20,000 ohms 0975-9716 337 13.50 With Manual/Programmable Step Decades and CAD:
975-0 50.000 ohms 0975-9717 337 14.50 1162-AR3C. smallest step 1 kHz 1162-9523 226 4,070.00
975-R 100,000 ohms 0975-9718 337 14.50 1162-AR4C, smallest step 100 Hz 1162-9524 226 4,300.00
looD-P4 Dummy Antenna 1000-9604 236 44.00 1162-AR5C, smallest step 10 Hz 1162-9525 226 4,530.00
looD-P5 VHF Transformer 1000-9605 236 66.00 1162-AR6C, smallest step 1.0 Hz 1162-9526 226 4,760.00
l00D-Pl0 Test Loop 1000-9610 236 132.00 1162-AR7C, smallest step 0.1 Hz 1162-9527 226 4,990.00

loo1-A Standard·Signal Generator 1001-9701 236 1.550.00 With Manual Step Decades and CAD:
1003 Standard-Signal Generator: 1162-A3C, smallest step 1 kHz 1162-9593 226 3,980.00

Basic model 1003-9701 232 3,250.00 1162-A4C, smallest step 100 Hz 1162-9594 226 4,180.00

w/Auto Control/Sweep Unit 1003-9702 232 3.650.00 1162-A5C, smallest step 10Hz 1162-9595 226 4.380.00

w/Crystal Calibrator 1003-9703 232 3.500.00 1162·A6C. smallest step 1.0 Hz 1162-9596 226 4,580.00

w/Auto Control and Crystal Calibrator 1003-9705 232 3.900.00 1162-A7C. smallest step 0.1 Hz 1162-9597 226 4,780.00

1026 Standard-Signal Generator 1026-9701 234 6.000.00 1163 Frequency Synthesizers. 30 Hz to 12 MHz
1061 Frequency Synthesizer: With Manual Step Decades:

Bench model Order by describing 4,700.00 1163-A3, smallest step 10 kHz 1163-9413 226 3,980.00
Rack model model and options 4,700.00 1163·A4, smallest step 1 kHz 1163·9414 226 4,180.00
OPl Local Control Panel desired. Refer to 360.00 1163-A5, smallest step 100 Hz 1163·9415 226 4,380.00
OP2A Moderate-Stability Int. Osc. pages 222 and 223 190.00 1163-A6, smallest step 10Hz 1163-9416 226 4,580.00
OP2B High·Stability Int. Osc. of Catalog 73. 470.00 1163-A7, smallest step 1.0 Hz 1163-9417 226 4,780.00
OP3 Phase Modulation 60.00 With Manual/Programmable Step Decades:
OP4A l·kHz digit resolution (1 O-Hz search) 420.00 1163-AR3, smallest step 10 kHz 1163-9503 226 4,070.00
OP4B loo-Hz digit resolution (l-Hz search) 640.00 1163-AR4. smallest step 1 kHz 1163-9504 226 4,300.00
OP4C 1O·Hz digit resolution (O.l-Hz search) 860.00 1163-AR5, smallest step 100 Hz 1163·9505 226 4,530.00
OP4D 1-Hz digit resolution W.Ol-Hz search) 1,080.00 1163-AR6, smallest step 10Hz 1163-9506 226 4,760.00
OP4E O.l·Hz digit resolution W.001-Hz search) 1,300.00 1163-AR7, smallest step 1.0 Hz 1163-9507 226 4,990.00
OP4F 1oo-Hz digit resolution (economy, With Manual/Programmable Step Decades and CAD:

5-rns switching, no search-sweep) 410.00 1163-AR3C, smallest step 10 kHz 1163-9523 226 4,370.00
OP4G 1-Hz digit resolution (economy, 1163·AR4C. smallest step 1 kHz 1163-9524 226 4,600.00

5-rns switching, no search-sweep) 820.00 1163-AR5C. smallest step 100 Hz 1163-9525 226 4,830.00
Digit Insertion Kit (customer installation) 1169-9600 222 240.00 1163·AR6C. smallest step 10 Hz 1163-9526 226 5,060.00

1065 Sweeping Frequency Synthesizer, 9 digits, 1163-AR7C, smallest step 1.0 Hz 1163-9527 226 5,290.00
includes internal oscillator: With Manual Step Decades and CAD:

Bench model 1065-9720 225 8,950.00 1163-A3C. smallest step 10kHz 1163-9593 226 4,280.00
Rack model 1065·9721 225 8.950.00 1163-A4C. smallest step 1 kHz 1163-9594 226 4,480.00

1157-B Scaler (500 MHz): 1163-A5C. smallest step 100Hz 1163·9595 226 4,680.00
Bench model 1157-9700 325 995.00 1163-A6C. smallest step 10Hz 1163-9596 226 4,880.00
Rack model 1157-9701 325 995.00 1163-A7C. smallest step 1.0 Hz 1163-9597 226 5,080.00

116G-SERIES FREQUENCY SYNTHESIZERS 1164 Frequency Synthesizers. 10 kHz to 70 MHz
Modules and Miscellaneous Items With Manual Step Decades:
1160-CAD-l Continuously Adjustable Decade 1160-9432 315 585.00 1164-A3, smallest step 100 kHz 1164-9413 226 5,885.00
116D-RDI-1B Digit-Insertion Unit. 1164-A4, smallest step 10 kHz 1164-9414 226 6,085.00

without filter plug 1160-9485 315 455.00 1164-A5, smallest step 1 kHz 1164-9415 226 6285.00
Programmable Digit-I nsertion Units: 1164·A6, smallest step 100 Hz 1164-9416 226 6,485.00

1160-RDI-l B, with filter 1164-A7, smallest step 10 Hz 1164-9417 226 6,685.00
plug, all models 1160-9480 315 505.00 With Manual/Programmable Step Decades:

1163-RDI-4,l MHz/step, in 1163's 1163-9479 315 600.00 1164·AR3, smallest step 100 kHz 1164-9503 226 5,975.00
1164-RDI-2,l MHz/step. in 1164's 1164-9479 315 575.00 1164-AR4, smallest step 10 kHz 1164-9504 226 6.205.00
1164-RDI-3, 10 MHz/step, in 1164's 1164-9489 315 600.00 1164-AR5, smallest step 1 kHz 1164·9505 226 6,435.00

1160 Cabi net 1160-9500 50.00 1164-AR6, smallest step 100 Hz 1164-9506 226 6.665.00
116D-9650 Hookup Cable 1160-9650 315 15.00 1164·AR7, smallest step 10Hz 1164-9507 226 6,895.00
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With Manual/Programmable Step Decades and CAD: 1265-A Adjustable DC Pow... Supply
1164-AR3C, smallest step 100kHz 1164-9523 226 $6.275_00 115-V Models:
1164-AR4C, smallest step 10 kHz 1164-9524 226 6,505.00 6o-Hz, Bench 1265-9801 196 $1,580_00

1164-AR5C, smallest step 1 kHz 1164-9525 226 6,735.00 60-Hz, Rack 1265-9811 196 1,580.00

1164-AR6C, smallest step 100Hz 1164-9526 226 6.965.00 50-Hz, Bench 1265-9803 196 1,580_00

1164-AR7C, smallest step 10 Hz 1164-9527 226 7,195.00 50-Hz, Rack 1265-9813 196 1,580.00

With Manual Step Decades and CAD: 230-V Models:

1164-A3C, smallest step 100 kHz 1164-9593 226 6,185.00 60-Hz, Bench 1265-9802 196 1,580.00

1164-A4C, smallest step 10 kHz 1164-9594 226 6,385.00 6o-Hz. Rack 1265-9812 196 1,580.00

1164-A5C, smallest step 1 kHz 1164-9595 226 6,585.00 50-Hz, Bench 1265-9804 196 1,580.00

1164-A6C, smallest step 100Hz 1164-9596 226 6,785.00 50-Hz, Rack 1265-9814 196 1,580.00

1164-A7C, smallest step 10 Hz 1164-9597 226 6,985.00 1267-8 Regulated Power Supply. 1267-9702 231 255_00

1165 Frequency Synthesizers. 10 kHz to 160 MHz
1269-A Power Supply. bench models
115-V 1269-9701 231 130.00

6-0igit Master Versions: 215-V 1269-9711 231 130.00
Bench model 1165-9710 224 4,960.00 23C-V 1269-9712 231 130.00
Rack model 1165-9711 224 4,960.00

6-0igit Slave Versions: OSCILLATORS
Bench model 1165-9712 224 4,425.00 1211 Oscillators 1500 kHz to 50 MHz)
Rack model 1165-9713 224 4,425.00 1211-C, wIno power supply, bench model 1211-9703 228 550.00

7~igit Master Versions: 1211-C3, w/1263-C Power Supply, bench models:
Bench model 1165-9720 224 5,060.00 115 V 1211-9433 228 1,225.00
Rack model 1165-9721 224 5,060.00 230 V 1211-9443 228 1,225.00

7-digit Slave Versions: 1211-C3R, w/1263-C Power Supply, rack models: .
Bench model 1165-9722 224 4,525.00 115 V 1211-9573 228 1,270.00
Rack model 1165-9723 224 4,525.00 230 V 1211-9583 228 1,270.00

1168 Frequency Synthesizers. 10 kHz to 160 MHz
1211-C7, w/l 267-B Power Supply,

bench model, 115 V to 230 V 1211-9437 228 805.00
8-0igit Master Versions: 1211-C7R, w/1267-B Power Supply,

Bench model 1168-9700 224 5,500.00 rack model, 115 V to 230 V 1211-9577 228 850.00
Rack model 1168-9701 224 5,500.00 1211-C9, w/1269-A Power Supply, bench models:

8-0igit Slave Versions: 115-V 1211-9439 228 680_00
Bench model 1168-9702 224 4,965.00 215 V 1211-9449 228 680.00
Rack model 1168-9703 224 4,965.00 230 V 1211-9459 228 680.00

9-0igit Master Versions: 1211-C9R, w/1269-A Power Supply, rack models:
Bench model 1168-9720 224 5,600.00 115 V 1211-9579 228 725.00
Rack model 1168-9721 224 5,600.00 215 V 1211-9589 228 725.00

9-0igit Slave Versions: 230 V 1211-9599 228 725.00
Bench model 1168-9722 224 5,065.00
Rack model 1168-9723 224 5,065.00 1215 Oscillators 150 to 250 MHz)

1215-C, wIno power supply, bench model 1215-9703 228 370.00
COUNTERS 1215-C3, w/1263-C Power Supply, bench models:
1191-8 Counter 115 V 1215-9433 228 1,045.00

Bench model .. 1191-9710 326 1,495.00 230 V 1215-9443 228 1,045.00
Rack model .. 1191-9711 326 1,495.00 1215-C3R, w/1263-C Power Supply, rack models:
Bench model w/Oata-Output Option 1191-9712 326 1,595.00 115 V 1215-9573 228 1,090.00
Rack model w/Oata-Output Option 1191-9713 326 1,595.00 230 V 1215-9583 228 1,090.00

Bench model w/Hi-Prec. Time-Base Option 1191-9714 326 1,795.00 1215-C4, w/1264-B Power Supply, bench models:

Rack model w/Hi-Prec. Time-Base Option 1191-9715 326 1,795.00 115 V 1215-9434 228 955.00

Bench model w/both Options 1191-9716 326 1,895.00 230 V 1215-9444 228 955.00

Rack model w/both Options 1191-9717 326 1,895.00 1215-C4R, w/1264-B Power Supply, rack models:

1191-Z Counter 1500 MHzI 115 V 1215-9574 228 1,000.00

Bench model w/both Options 1191-9904 326 2,790.00 230 V 1215-9584 228 1,000.00

Rack model w/both Options 1191-9905 326 2,790.00 1215-C7, w/1267-B Power Supply, bench model:
115Vt0230V 1215-9437 228 630.00

1191 Accessory 1215-C7R. w/1267-B Power Supply, rack model:
P6006 Probe (not sold separately) 1158-9600 327 30.00 115 V to 230 V 1215-9577 228 670.00

1192-8 Counter 150 MHz) 1215-C9, w/1269-A Power Supply. bench models:
Bench model Order by describing 625.00 115 V 1215-9439 228 500.00
Rack model model and options 645.00 215 V 1215-9449 228 500.00

1192-Z Counter. w/scaler 1500 MHz! desired. Refer to 230 V 1215-9459 228 500.00
Bench model pages 328 and 329 1,620.00 1215-C9R, w/1269-A Power Supply, rack models:
Rack model of Catalog 73. 1,640.00 115 V 1215-9579 228 545.00

1192 Options and Accessory 215 V 1215-9589 228 545.00

5-0igit Readout Basic 230 V 1215-9599 228 545.00

6-0igit Readout +75.00 1218 Oscillators 1900 MHz to 2 GHz)
7-0igit Readout +150.00 1218-BV, wIno power supply, bench model 1218-9724 230 1,045.00
OP2 Data Output, BCD +50.00 1218-BV3, w/1263-C Power Supply:
P6006 Probe (not sold separately) 1158-9600 329 30.00 11 5 V bench model 1218-9901 230 1,670.00

POWER SUPPLIES 115 V rack model 1218-9902 230 1,720.00

Unit Power Supplies
230 V bench model 1218-9911 230 1,670.00
230 V rack model 1218-9912 230 1,720.00

1201-C Unit Regulated Power Supply 1218-BV4, w/1264-B Power Supply:
(for 115 V) 1201-9703 320 140.00 115 V bench model 1218-9903 230 1,560.00

1201-C018 Unit Regulated Power Supply 115 V rack model 1218-9904 230 1,610.00
(for 230 V) 1201-9824 320 140.00 230 V bench model 1218-9913 230 1,560.00

1203-B Unit Power Supply 230 V rack model 1218-9914 230 1,610.00
(for 115 V) 1203-9702 320 97.00 1218-BV7, w/1267-B Power Supply:

1203-B018 Unit Power Supply 115 V to 230 V, bench model 1218-9905 230 1,285.00
(for 230 V) 1203-9818 320 97.00 115 V to 230 V, rack model 1218-9906 230 1,325.00

1262-C Power Supply 1308-A Audio Oscillator and Power Amplifier
1262-C, for 115 V 1262-9703 43 245.00 115 V bench model 1308-9801 76 1,750.00
1262-C, for 230 V 1262-9704 43 245.00 11 5 V rack model 1308·9811 76 1,750.00

1263-C Amplitude-Regulating Pow... Supply 230 V bench model 1308-9802 76 1,750.00
1263-C, bench model. for 115 V 1263-9703 231 675.00 230 V rack model 1308-9812 76 1,750.00
1263-C, bench model, for 230 V 1263-9713 231 675.00 1309-A Oscillator 1309-9701 77 405.00

1264-8 Modulating Power Supply 1310-8 Oscillator
1264-B, bench model. for 115 V 1264-9702 231 555.00 115 V Model 1310-9702 78 330.00
1264-B, bench model, for 230 V 1264-9703 231 555.00 220 V Model 1310-9703 78 330.00
1264-Pl Adaptor Cable (for 1215-C use) 1264-9601 231 33.00 230 V Model 1310-9704 78 330.00
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1311-A Audio Oscillator 1238 Detector
115 V Model 1311-9701 79 $330.00 60-Hz, bench model 1238-9700 159 $1.325.00
230 V Model 1311-9702 79 330.00 60-Hz, rack model 1238-9701 159 1,285.00

1316 Oscillator 50-Hz, bench model 1238·9703 159 1,325.00

Bench model 1316-9700 158 970.00 50-Hz, rack model 1238-9704 159 1,285.00

Rack model 1316-9701 158 940.00 1240 Bridge Oscillator-Detectors

133().A Bridge Oscillator 1330·9701 318 1,225.00 1240-A, 115-V model 1240-9701 163 835.00

1361 Oscillators (450 to 1050 MHz) 1240-A, 230-V model 1240-9711 163 835.00

1361-A wIno power supply. bench model 1361-9701 230 495.00 1240-AP, 115-V model, w/preamplifier 1240·9829 163 945.00

1361-A3, w/1263-C Power Supply, bench models:
1240-AP. 230-V model, w/preamplifier 1240-9839 163 945.00

115 V 1361-9413 230 1,170.00 1241 Heterodyne Detectors

230 V 1361-9423 230 1,170.00 40 to 530 MHz, w/1363 Oscillator:

1361-A3R, w/1263-C Power Supply, rack models: Bench model 1241·9700 214 1.685.00

115V 1361-9503 230 1,215.00 Rack model 1241-9701 214 1,720.00

230 V 1361-9513 230 1,215.00 190 to 950 MHz, w/1362 Oscillator:

1361-A4, w/1264-B Power Supply, bench models: Bench model 1241-9702 214 1.685.00

115 V 1361-9414 230 1.050.00 Rack model 1241-9703 214 1,720.00

230 V 1361-9424 230 1,050.00 870 to 2030 MHz, w/1218-BV Oscillator:

1361-A4R. w/1264-B Power Supply, rack models: Bench model 1241·9704 214 2.160.00

115 V 1361·9504 230 1,095.00 Rack model 1241-9705 214 2,225.00

230 V 1361-9514 230 1,095.00 1346 AUdio-Frequency Microvolter
1361-A7, w/1267-B Power Supply, 115 to 230 V. Bench model 1346-9700 92 340.00

bench model 1361-9417 230 750.00 Rack model 1346-9701 92 375.00
1361-A7R, w/1267-B Power Supply, 115 to 230 V, RANDOM-NOISE GENERATORS

rack model 1361-9507 230 795.00
1361-A9, w/1269-A Power Supply, bench models:

1381 (2 Hz to 50 kHz). bench model 1381-9700 82 425.00

115 V 1361-9419 230 625.00 1381 (2 Hz to 50 kHz), rack model 1381-9701 82 450.00

215 V 1361-9429 230 625.00 1382 (20 Hz to 50 kHz), bench model 1382-9700 82 440.00

230 V 1361-9439 230 625.00 1382 (20 Hz to 50 kHz). rack model 1382-9701 82 465.00

1361-A9R, w/1269-A Power Supply, rack models: 1383 (20 Hz to 20 MHz), bench model 1383-9700 83 910.00

115 V 1361-9509 230 670.00 1383 (20 Hz to 20 MHz). rack model 1383-9701 83 925.00

215 V 1361-9519 230 670.00 139o-B (5 Hz to 5 MHz). 115-V model .1390-9702 85 405.00

230 V 1361-9529 230 670.00 139o-B (5 Hz to 5 MHz). 230-V model 1390-9703 85 405.00

1362 Oscillators (220 to 920 MHzl
139o-P2 Pink-Noise Filter 1390-9602 85 55.00

1362, wIno power supply, bench model 1362-9701 229 565.00 1396-B Tone-Burst Generator

1362-A3, w/1263-C Power Supply: Bench model 1396-9702 321 660.00

11 5 V, bench model 1362-9413 229 1,240.00 Rack mode:l 1396·9703 321 685.00

115 V, rack model 1362-9503 229 1.285.00 CAPACITANCE STANDARDS
230 V, bench model 1362-9423 229 1,240.00
230 V, rack model 1362-9513 229 1,285.00 1403 Standard Air Capacitors

1362A4, w/1264-B Power Supply: 1403-A, 1000 pF 1403·9701 178 130.00

11 5 V. bench model 1362-9414 229 1,120.00 1403-0,100 pF 1403·9704 178 115.00

115 V, rack model 1362-9504 229 1,165.00 1403-G, 10 pF 1403-9707 178 105.00

230 V, bench model 1362-9424 229 1,120.00 1403-K,l.0pF 1403-9711 178 90.00

230 V, rack model 1362-9514 229 1,165.00 1403-N, 0.1 pF 1403·9714 178 105.00

1362-A7, w/1267-B Power Supply:
1403-R.0.01 pF 1403-9718 178 115.00

115 to 230 V, bench model 1362-9417 229 820.00 1403-V.0.001 pF 1403-9722 178 105.00

115 to 230 V, rack model 1362-9507 229 865.00 1404 Reference Standard Capacitors

1362-A9, w/1269-A Power Supply: 1404-A. 1000 pF 1404-9701 176 320.00

115 V, bench model 1362-9419 229 695.00 1404-B. 100 pF 1404-9702 176 320.00

115 V. rack model 1362-9509 229 740.00 1404-C, 10 pF 1404-9703 176 320.00

215 V, bench model 1362-9429 229 695.00 1405 Coaxial Capacitance Standards

215 V, rack model 1362-9519 229 740.00 1405-B, 10 pF 1405-9703 176 100.00

230 V, bench model 1362-9439 229 695.00 1405-E, 1 pF 1405-9700 176 75.00

230 V, rack model 1362-9529 229 740.00 1406 Coaxial Capacitance Standards

1363 Oscillators (50 to 500 MHzl 1406-A. 1000 pF 1406-9701 177 170.00

1363, wIno power supply, bench model 1363-9701 229 565.00 1406-0,100 pF 1406-9704 177 160.00

1363-A4, w/1264-B Power Supply: 1407 Coaxial Capacitance Standards
115 V, bench model 1363-9414 229 1.120.00 1407-A, 0.001 IlF 1407·9700 178 135.00
115 V. rack model 1363-9504 229 1,165.00 1407-0.0.01IlF 1407-9703 178 135.00
230 V, bench model 1363-9424 229 1,120.00 1407-G, 0.1 IlF 1407-9706 178 155.00
230 V, rack model 1363-9514 229 1,165.00 1408 Reference Standard Capacitors, air bath

1363-A7, w/1267-B Power Supply: 1408.10 pF 1408-9700 175 1,785.00
115 to 230 V, bench model 1363-9417 229 820.00 1408,10/10 pF 1408-9702 175 2,650.00
115 to 230 V. rack model 1363-9507 229 865.00 1408,100 pF 1408-9703 175 1,785.00

1363-A9, w/1269-A Power Supply: 1408,100/100 pF 1408·9705 175 2,650.00
115 V, bench model 1363-9419 229 695.00 1408,10/100 pF 1408·9706 175 2,650.00
115 V, rack model 1363-9509 229 740.00

1408 Reference Standard Capacitors, oil bath
215 V, bench model 1363-9429 229 695.00
215 V, rack model 1363-9519 229 740.00

1408-A. 10 pF 1408-9701 175 1,325.00

230 V. bench model 1363-9439 229 695.00
1408-B, 100 pF 1408-9704 175 1,325.00

230 V, rack model 1363-9529 229 740.00 1409 Standard Capacitors

PULSE GENERATORS
1409-F, 0.001 IlF 1409-9706 179 75.00
1409-L.0.Ol IlF 1409-9712 179 75.00

1217-C Pulse Generator 1217-9703 320 355.00 1409-T,O.1IlF 1409-9720 179 95.00
1217-P2 Single-Pulse Trigger 1217-9602 320 41.00 1409-Y,l.1IlF 1409-9725 179 300.00

1340 Pulse Generator 1412-BC Decade Capacitor 1412-9410 171 325.00
Bench model 1340-9700 319 495.00 1413 Precision Decade Capacitor
Rack model 1340-9701 319 525.00 Bench model 1413-9700 167 1,090.00

1232-A Tuned Amplifier and Rack model 1413-9701 167 1,110.00

Null Detector 1232-9701 163 495.00 1419 Decade Capacitors
1232-AP Tuned Amplifier and 1419-A, 1.110 IlF, polystyrene 1419-9701 169 320.00

Null Detector. w/preamplifier 1232-9829 163 610.00 1419-B. 1.1110 IlF, polystyrene 1419-9702 169 400.00

1232-P2 Preampl ifier 1232-9602 163 110.00 1419-K, 1.110 IlF, silvered mica 1419-9711 169 570.00

1234 Standing-Wave Meter 1234-9701 216 700.00 1422 Precision Capacitors
1236 I-F Amplifier 1236-9701 215 925.00 With precision calibration:
1237 VHF-UHF Preamplifier 1237-9700 217 230.00 1422-0P 1422-9904 173 820.00
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1422-MOP 1422-9913 173 $830.00 1436-P, 1,111,100 ohms:
1422-MEP 1422-9955 173 830.00 Bench model 1436-9702 185 $235.00
1422-CBP 1422-9902 173 770.00 Rack model 1436-9703 185 270.00
1422-CLP 1422-9508 173 700.00 1440 Standard Resistors
1422-COP 1422-9925 173 745.00 0.01 ohm 1440-9671 190 55.00With standard calibration: 0_1 ohm 1440-9681 190 55.001422-0 1422-9704 173 675.00 10hm 1440-9601 190 55_001422-MO 1422-9854 173 690.00 100hms 1440-9611 190 55.001422-ME 1422-9855 173 690.00 100 ohms 1440-9621 190 55_001422-CB 1422-9916 173 665.00

1 kilohm 1440-9631 190 55.001422-CL 1422-9933 173 600_00
10 kilohms 1440-9641 190 55_001422-eD 1422-9823 173 600.00

100 kilohms 1440-9651 190 55_00
1423-A Precision Decade Capacitor 1 megohm 1440-9661 190 55.00

Bench model 1423-9801 168 1,025.00 1442 Coaxial Resistance StandardsRack model 1423-9811 168 1.025_00 1442-0. 1.0 ohm 1442-9703 191 95.00
1424 Decade Capacitors 1442-G,100hms 1442-9706 191 85.00
1424-A, 10 IlF, polystyrene 1424-9701 170 530.00 1442-K, 100 ohms 1442-9709 191 85.00
1424-M Discontinued 1442-N. 1000 ohms 1442-9712 191 85.00

14M-A Reference Resistance Standard.
RESISTANCE STANDARDS 10 kilohms with sensor 1444-9700 189 610.00
1433 Decade Resistors ATTENUATORS
1433-U, 111.1 ohms, 4 dials:

1450 Decade AttenuatorsBench model 1433-9700 187 165.00
145D-TA. bench model, 110 dB 1450-9891 322 565.00Rack model 1433-9701 187 175.00
145D-TAR,rack model, 110dB 1450-9894 322 565.001433-K, 1.111 ohms, 4 dials:
145D-TB, bench model, 111 dB 1450-9893 322 740.00Bench model 1433-9702 187 170.00
145D-TBR, rack model. 111 dB 1450-9895 322 740.00Rack model 1433-9703 187 180.00

1433-J, 11.110 ohms, 4 dials: 1452 Programmable Attenuator
Bench model 1433-9704 187 170.00 Manual-remote bJench model 1452-9700 246 775.00
Rack model 1433-9705 187 180_00 Manual-remote, rack model 1452-9701 246 800.00

1433-L.lll.l00ohms.4dials: Remote-only model 1452-9702 246 700.00
Bench model 1433-9706 187 165.00 VOLTAGE DIVIDERS
Rack model 1433-9707 187 175.00 1455 Decade Voltage Divider

1433-0, 1.111,000 ohms, 4 dials: Bench models:
Bench model 1433-9708 187 185_00

1455-A,4 dials, 10 kilohms 1455-9700 323 320.00Rack model 1433-9709 187 195_00
1455-AH, 4 dials. 100 kilohms 1455-9702 323 320.001433-T, 1,111.1 ohms, 5 dials:
1455-AL, 4 dials, 1 kilohm 1455-9704 323 320.00Bench model 1433-9710 187 195.00
1455-B. 5 dials. 10 kilohms 1455-9706 323 385.00Rack model 1433-9711 187 205_00
1455-BH, 5 dials. 100 kilohms 1455-9708 323 385.001433-N. 11,111 ohms. 5 dials:

Rack models:
Bench model 1433-9712 187 195_00

1455-A. 4 dials, 10 kilohms 1455-9701 323 330.00Rack model 1433-9713 187 205.00
1455-AH, 4 dials, 100 kilohms 1455-9703 323 330.001433-M, 111,110 ohms. 5 dials:
1455-AL. 4 dials. 1 kilohm 1455-9705 323 330.00Bench model 1433-9714 187 195.00
1455-B. 5 dials. 10 kilohms 1455-9707 323 395.00Rack model 1433-9715 187 205.00
1455-BH. 5 dials, 100 kilohms 1455-9709 323 395_001433-P, 1.11 1,100 ohms, 5 dials:

Bench model 1433-9716 187 215.00 INDUCTANCE STANDARDS
Rack model 1433-9717 187 225.00 1482 Standard Inductor

1433-Y, 11.111,000 ohms, 5 dials: 1482-B.l00IlH 1482-9702 197 255.00
Bench model 1433-9718 187 300.00 1482-E,l mH 1482-9705 197 220.00
Rack model 1433-9719 187 310.00 1482-H, 10 mH 1482-9708 197 195.00

1433-W, 11,111.1 ohms,6dials: 1482-L, 100 mH 1482-9712 197 205,00
Bench model 1433-9720 187 225.00 1482-P,1 H 1482-9716 197 255.00
Rack model 1433-9721 187 235.00 1482-T. 10 H 1482-9720 197 495.00

1433-X, 111,111 ohms.6dials: 1491 Decade Inductor
Bench model 1433-9722 187 225.00 1491-0,11.11 H, 0.001-H steps:
Rack model 1433-9723 187 235.00 Bench model 1491-9704 198 950.00

1433-B, 1,111,110 ohms, 6 dials: Rack model 1491-9714 198 975.00
Bench model 1433-9724 187 255.00 1491-G. 11.111 H, 0.00001 -H steps:
Rack model 1433-9725 187 265_00 Bench model 1491-9707 198 1.170.00

1433-Z, 11.111,100ohms.6dials: Rack model 1491-9717 198 1.195.00
Bench model 1433-9726 187 335.00
Rack model 1433-9728 187 345.00 RECORDERS

1433-F, 111,111.1 ohms. 7 dials: 1521-8 Graphic Level Recorder·
Bench model 1433-9729 187 260_00 With 4Q-dB potentiometer and high-speed (300 rpm) motor:
Rack model 1433-9730 187 270.00 1521 -B, 60 Hz, bench model 1521-9802 49 1.605.00

1433-G, 1.111,111 ohms, 7 dials: 1521 -B, 60 Hz, rack model 1521-9812 49 1,605.00
Bench model 1433-9731 187 285.00 1521-B01,50 Hz, bench model 1521-9506 49 1.605.00
Rack model 1433-9732 187 295.00 1521 -BOl ,50Hz. rack model 1521-9507 49 1.605.00

1433-H, 11.111,110 ohms. 7 dials: With 4Q-dB potentiometer and medium-speed (60 rpm) motor:
Bench model 1433-9733 187 375.00 1521-B,60 Hz. bench model 1521-9833 49 1,605.00
Rack model 1433-9734 187 390_00 1521-B,60 Hz. rack model 1521-9834 49 1,605.00

1434 Decade Resistors With 40-dB potentiometer and low-speed (5 rpm) motor:
1434-N, ",111 ohms, 5 dials 1434-9714 188 160_00 1521 -B, 60 Hz, bench model 1521-9817 49 1.605.00
1434-M, 111,110 ohms. 5 dials 1434-9713 188 160.00 1521-B,60 Hz, rack model 1521-9818 49 1,605.00
1434-P,1,1",1000hms.5dials 1434-9716 188 175.00 1521 Chart Papers
1434-0C, 1,111.105 ohms. 4 dials + rheostat 1434-9576 188 165.00 20 Hz-20 kHz, log 1521 -9427 3.75
1434-B,1,111,1100hms.6dials 1434-9702 188 210_00 Continuous 1/4-in. div. 1521-9428 51 3.75
1434-X, 111." 1 ohms, 6 dials 1434-9724 188 185_00 Third-octave bands, 3.15 Hz-25 kHz 1521-9400 51 3.75
1434-G, 1.111,111 ohms, 7 dials 1434-9707 188 255.00 2.5 Hz to 25 kHz, log 1521-9463 3.75
1435 Programmable Decade Resistor D-1 or 0-10 kHz, linear. 1521 -9464 51 3.75

Bench model 1435-9700 184 795.00 0-50 kHz. linear 1521-9465 51 3.75
Rack model 1435-9701 184 795_00 2.5-25 normaliZed, log 1521-9469 51 3_75

1436 Decade Resistors 20 Hz to 20 kHz. log 1521 -9470 51 3.75

1436-M. 111,110 ohms: 2-20 normalized, log 1521 -9475 51 3.75

Bench model 1436-9700 185 215.00 2.5-25 normalized, log 1521-9493 51 3.75

Rack model 1436-9701 185 215.00 ·Other potentiometers and combinations for both 60-Hz and 50-Hz models
available.
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1521 fastrak@Marker Sets and Conversion Kit STROBOSCOPES
Twelve pens wired ink 1521-9446 51 $19.25 1531-AB Strobotac@electronic stroboscope
Twelve pens w/green ink 1521-9447 51 19.25 115·V Model 1531·9430 277 $372.00
Twelve pens w/blue ink 1521-9448 51 19.25 230·V Model 1531-9440 277 372.00
Twelve pens w/assorted-color ink 1521-9449 51

. . .
19.25

1538-A Strobotac@electronic stroboscope
Conversion Kit 1521-9439 51 27.50

1521-P10B Drive Unit 1521-9467 50 97.00 115-V Model 15389701 277 575.00

1521-P15 Link Unit 1521-9615 50 38.00
230-V Model 1538-9702 277 575.00

1521-P16 Sprocket Kit 1521-9616 50 25.50 Accessories for 1538-A

1521 Optional Motors
1538-P2 Extension Lamp 1538-9602 277 77.00

High-Speed Motors:
1538-P3 Battery and Charger 1538-9603 277 340.00

1521-P19 (for 60 Hz) 1521-9619 51 92.00
1538-P4 High-I ntensity Flash Capacitor 1538-9604 277 107.00

1521-P21 B (for 50 Hz) 1521-9921 51 92.00 1531-P2 Flash Delay, for 1531 or 1538

Medium-Speed Motors: 115-V Model 1531-9602 277 245.00

1521-P23 (for 60 Hz) 1521-9623 51 92.00 230-V Model 1531-9605 277 245.00

1521-P24 (for 50 Hz) 1521-9624 51 92.00 1539-A Stroboslave@light source 1539-9701 280 250.00
Low-Speed Motors: 1539-Z Motion Analysis and Photography Set

1521-P20B (for 60 Hz) 1521-9513 51 92.00 115-V Model 1539-9900 280 595.00
1521-P22B (for 50 Hz) 1521-9514 51 92.00 230-V Model 1539-9901 280 595.00

1521 Potentiometers 1540 Strobolume@electronic stroboscope 1540·9600 274 785.00
1521-Pl, 20-dB Potentiometer 1521-9601 51 88.00 Optional control units IIDlect at least one):
1521-P2, 4O-dB Potentiometer 1521-9602 51 110.00 1540-Pl Strobolume R oscillator ... 1540-9601 274 215.00
1521-P3, 80·dB Potentiometer 1521-9603 51 180.00 1540-P3 Strobolume@control unit 1540-9603 274 77.00
1521-P4, Linear Potentiometer 1521-9604 51 82.00 1540-P4 Oscillato,&elay Unit . . . 1540-9604 274 270.00

1522 DC Recorder 1540-P2 Strobolume R lamp, add'i ass'y 1540-9602 274 265.00
Basic models. less preamplifier: 1541 Multiflash ~nerator . . . . . . . 1541-9701 281 685.00 ,

Bench model 1522-9700 87 2,150.00 1542-B Strobotac R electronic stroboscope 1542-9701 279 99.00
Rack model 1522-9701 87 2,115.00 1543 StrobotaC®etectronic stroboscope 1543-9700 279 195.00

Preamplifiers Required (one or both):
1544 StrobotaC®electronic stroboscope 1544-9700 279 265.001522-Pl Preamplifier 1522-9601 87 275.00

1522-P2 Differential Preamplifier 1522-9602 87 485.00 Stroboscope Accessories

Accessories: 1531-P3 Surface·Speed Wheel 1531-9603 284 36.00

1522-Pll Limit-Switch Set 1522-9611 87 61.00 1531-P4 Trigger Cable (for 1531) 1531-9604 280 26.00

Event-Marker Set 1522-9612 87 10.25 Photoelectric Pickoffs:

Extend& Board Kit 1522-9613 87 87.00 1536-A, w/lamp 1536-9701 284 102.00

fastrak R Marker Sets 1536-0, w/lamp 1536-9702 284 45.00

Set of 4 red pens 1522-9614 87 6.00 1537-A, wino lamp 1537-9701 284 92.00

Set of 4 green pens 1522-9615 87 6.00 Cable Assembly (for 1541) 1541-9601 284 7.75

Set of 4 blue pens 1522-9616 87 6.00 1560-P76 Patch Cord 1560-9676 98 5.00

Slow-Speed Marker Sets Replacement Lamps
Set of 4 red pens 1522-9634 87 6.00 1531-Pl Strobotron Flash Lamp (for
Set of 4 green pens 1522-9635 87 6.00 discontinued 1531-A only) 1531-9601 18.00
Set of 4 blue pens 1522-9636 87 6.00 1538-Pl Strobotron Flash Lamp (for

Mounting Sheets 1522-9639 87 6.00 1531-AB, 1538-A,and 1539-A) 1538-9601 278,280 18.00
Chart Papers: 1540-P5 Strobotron Flash Lamp (for

Linear, 5 div/in. 1522-9640 87 5.00 1540) 1540-9605 276 40.00
25 Hz-20 kHz 1522-9644 87 5.00 Replacement lamp for 1542
12.59 Hz-l0 kHz 1522-9645 87 5.00 (discontinued model) 1530-9400 5.50
30 bands - freq. not marked 1522-9646 87 5.00 Replacement lamp for 1542-B, 1543, 1544 1530-9410 279 15.00
30 bands - freq. not marked 1522-9647 87 5.00

SOUND and VIBRATION EOUIPMENT3.15 Hz-80 kHz 1522-9648 87 5.00
Linear. 4 div/in. 1522-9650 87 5.00 (See also 1900 Series)

Linear, 2 div/in 1522-9651 87 5.00 1551-C Sound-Level Meter 1551-9703 40 675.00

3.15 Hz-2.5 kHz 1522-9652 87 5.00 1551-P2 Leather Carrying Case 1551-9602 40 35.50

3.15 Hz-80 kHz 1522-9654 87 5.00 1553-A Vibration Meter
25 Hz-20 kHz 1522-9655 87 5.00 Rack model w/115-V ac supply 1553-9550 42 1.320.00

3.15 Hz-2.5 kHz 1522-9656 87 5.00 Rack model w/230-V ac supply 1553-9551 42 1.320.00
12.59 Hz·l0 kHz 1522-9657 87 5.00 Portable model w/batteries 1553-9701 42 1,110.00
30 bands - freq. not marked 1522-9658 87 5.00 Portable model w/115-V ac supply 1553-9710 42 1,305.00
For T/D 1923 Analyzer Systems 1522·9680 87 5.00 Portable model w/230-V ac supply 1553-9711 42 1,305.00

Cable Set, for connection to 1921 1522-9670 87 35.50 1556-B Impact-Noise Analyzer 1556-9702 27 395.00

1523 Graphic Level Recorder 1557-A Vibration Calibrator

Main frame w/50-dB pot, no plug-in: w/mercury cells 1557-9701 101 400.00

Bench model 1523-9700 52 2,000.00 w/dry cells 1557-9702 101 400.00

Rack model 1523-9701 52 2,000.00 1558-BP Octave·Band Noise Analyzer

Plug-in options: Rack model,115-V 1558-9848 1,070.00

1523-P1 , Preampl ifier 1523-9601 52 400.00 Rack model. 230-V 1558-9849 1,070.00

1523-P2, Sweep Oscillator 1523-9602 52 1,800.00 Portable model, 115-V 1558-9890 1,070.00

1523-P3, Stepped 1/3-0BA 1523-9603 52 2,200.00 Portable model, 230-V 1558-9891 1,070.00

1523-P31, Stepped 1/3-0BA 1523-9605 52 2,200.00 1560 Microphone Windscreens, 4/pack

Potentiometer Options: For 1-inch microphones 1560-9521 97 25.00

10-dB 1523-9620 55 150.00 For Y,-inch microphones 1560-9522 97 25.00

25-dB 1523-9621 55 150.00 1560 Condenser Microphone Sets
50-dB (normally supplied) 1523-9622 55 125.00 l/2-inch, flat perpendicular response. 1560-9532 99 462.00
60-dB 1523-9623 55 125.00 1/2-inch, flat random-incidence response 1560-9533 99 462.00
loo-dB 1523-9624 55 200.00 1/4-inch, flat perpendicular response. 1560-9534 99 540.00

Extender Board Kit 1523-9630 55 125.00 1/4-inch, flat random-incidence response 1560-9535 99 540.00
Chart Papers: 1/8-inch, flat random-incidence response 1560-9536 99 605.00

2.5 in./decade, for -P3 1523-9640 55 5.00 1560 and 1562 Adaptors
Linear, continuous scale. for -Pl 1523-9641 55 5.00 1560 Adaptors:
2.5 in./decade, for -P2 1523-9642 55 5.00 l-inch microphones to 1560-P42 Preamp 1560-9542 98 43.00
5 cm/decade, for -P3 1523-9644 55 5.00 Coupler/Adaptor Set 1560-9561 98 28.50
10 ir../decade, for -P2 1523-9645 55 5.00 Microphone connector to 1560-P42 Preamp 1560-9669 98 37.00
5 cm/decade, for -P3 1523-9646 55 5.00 1560-P96, microphone connector to
2.5 in./decade, for -P3 1523-9647 55 5.00 1560-P40 Preamp . 1560-9696 98 31.00 I

2.5 in./decade, for -P2 1523-9648 55 5.00 1562 Adaptors:
5 in./decade, for -P2 1523-9649 55 5.00 Yo-inch microphone to 1562 S-L Calib. 1562-9601 98 7.00
3 in./decade, for -P2 1523-9650 55 5.00 ~-inch microphone to 1562 Sol Calib. 1562-9603 98 20.00
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1-inch Ceramic Microphone
1581-AH, ±10%, 20 A $690.001560-P5, with adaptor to mike connector 1560-9605 94 $107.00

1560-9570, with adap\or to preamplifier 1560-9570 94 97.00 1582-AH, ±10%, 20 A 760.00

1560-P6, assembled w/flexible conduit 1560-9606 94 127.00 1581-AH2. +24-18%,10 A 690.00

156Q.P62 Power Supply 1582-AH2, +24-18%, 21.3 A 760.00

Bench model 1560-9575 97 230.00 460-V models:

Rack model 1560-9576 230.00 1582·AK5, ±5%, 34 A 760.00

1560-9590 Tripod 1560-9590 97 64.00 1582-AK, ±10%, 17 A 760.00

1560·P9 Dummy Microphone 1560-9609 98 40,00 1582-AK2, +24-18%, 8.5 A 760.00
Options avai lable:

1560 Vibration Pickup Systems OPl Bench cabinet +50.00
1560-P13 1560-9613 100 385.00 OP2 Rack cabinet +50.00
1560-P14 1560-9614 100 265.00 OP3 Wall cabinet +50.00
1560-Pl1B 1560-9922 100 185.00 OP4 400-Hz line frequency +50.00

1560 Vibration Pickups 1591 Variac® automatic voltage regulators
1560-P52 1560-9652 100 97.00 1591-A, Portable model, 115 V, 60 Hz 1591-9700 288 400.00
156O-P53 1560-9653 100 295.00 1591-AR, Rack model, 115 V, 60 Hz 1591-9712 288 440.00
1560-P54 1560-9654 100 168.00

1592 Variac®automatic voltage regUlato~156Q.P35 Permanent-Magnet Clamp 1560-9635 43 10.25

1560 Preamplifiers
120-V ±10% model 1592-9700 289 580.00
12O-V ±20% model 1592-9701 289 580.00

1560-P40 1560-9640 96 143.00 23O/240·V ±5% model 1592·9702 289 580.00
1560-P42 1560-9642 95 175.00 230/240-V ±10% model 1592-9703 289 580.00156Q.P60 Battery Charger 230/240-V ±20% model 1592-9704 289 580.00115-volt model 1560-9660 91 153.00
230-volt model 1560-9661 91 153.00 1602-B UHF Admittance Meter 1602-9702 210 625.00

1560 Preamplifier Cable 1606-B Radio-Frequency Bridge 1606-9702 211 1,320.00
1560-P72D Extension Cable, 4 ft 1560-9665 98 15.75 1606·P2 Precision Coax Adaptor Kit 1606-9602 211 132.00
1560-P72E Extension Cable, 25 ft 1560-9666 98 18,50 1607·P40 Termination Kit 1607-9640 255 63.00
1560-P72F Extension Cable, 100 ft 1560·9667 98 31.00 1607-P41 Transistor Mount 1607-9641 255 240.00

1560 Microphone Cable 1607-P42 Transistor Mount 1607-9642 255 240.00
1560-P73 Extension Cable, 25 ft 1560-9673 98 25.50 1607-P43 Transistor Mount 1607-9643 255 240.00
1560·P73B Extension Cable, 100 ft 1560-9982 98 41.00 1607-P44 Transistor Mount 1607-9644 255 240.00

1560 Patch Cords 1608-A I mpedance Bridge

1560-P76, phone plug, 3 ft 1560·9676 98 5.00 Bench model, 115 V 1608-9801 152 1,710,00

1560-P77, w/double banana plug, 3 It 1560-9677 98 10.00 Bench model, 230 V 1608-9802 152 1,710.00

156Q.P78, w/%-in, phone plug, 3 ft 1560-9678 98 10.00 Rack model, 115 V 1608-9811 152 1,710.00

1560-P79, w/BNC plug, 3 ft .. 1560-9679 98 10,00 Rack model, 230 V 1608-9812 152 1,710.00

156Q.P80, w/%-in, phone jack, 3 ft 1560-9680 98 10.00 1615-A Capacitance Bridge
1560-P95 Adaptor Cable, w/phone/banana Bench model 1615-9801 161 1,935.00

plug, 3 ft 1560-9695 98 6.00 Rack model 1615-9811 161 1,935.00

1560 Earphone Couplers 1615-Pl Range Extension Capacitor 1615-9601 161 71.00

156O-P81 , ANSI type " 1 1/8 in. 1560-9681 37 56.00 1615-P2 Coax Adaptor, GR900 to binding posts 1615-9602 161 82.00

1560-P82, ANSI type 1,1 in. 1560-9682 37 56.00 1616 Precision Capacitance Bridge
156O-P83, GR type 9A 1560-9683 37 56.00 Bench model 1616-9700 157 3,725.00

1562-A Sound-Level Calibrator 1562-9701 38 270.00 Rack model 1616-9701 157 3,695.00
1562-2 Audiometer Calibration Set 1617 Capacitance Bridge

w/1560-P82 Earphone Coupler 1562-9900 37 740,00 Portable models:
w/1560-P83 Earphone Coupler 1562-9901 37 740.00 115 V,60 Hz 1617-9701 164 1,425.00

1563 Sound-Level Meter 1563-9701 26 250.00 230 V, 60 Hz 1617-9286 164 1,425.00
1563-9903 Sound-Level Measurement Set 1563-9903 32 420,00 115 V, 50 Hz 1617-9206 164 1,425.00
1564-A Sound and Vibration Analyzer 230 V, 50 Hz 1617-9266 164 1,425.00

Portable model, 115 V 1564-9701 57 1,680.00 Rack models:
Rack model, 115 V 1564-9820 57 1,700.00 115 V,60 Hz 1617-9820 164 1,425,00
Portable model, 230 V 1564-9702 57 1,680.00 230 V, 60 Hz 1617-9296 164 1,425.00
Rack model, 230 V 1564-9821 57 1.700,00 115 V, 50 Hz 1617-9276 164 1,425.00

1565-B Sound-Level Meter 1565-9702 26 370.00 230 V, 50 Hz 1617-9276 164 1,425.00
1565-P1 Carrying Case (for 1565-Al 1565-9601 15.00 1620 Capacitance-Measuring Assembly
1565-9902 Sound-Level Meas. Set 1565-9902 32 660,00 1620-A, 115 V 1620-9701 160 2,875,00
1565-9903 Sound-Level Meas. Set 1565-9903 32 540.00 1620-A, 230 V 1620-9702 160 2,875.00
1566 Multichannel Amplifier 1620-AP, w/1232-P2, 115 V 1620-9829 160 2,970.00

Bench model 1566-9700 88 2,700.00 1620-AP, w/1232-P2, 230 V 1620-9830 160 2,970.00
Rack model 1566-9701 88 2,650,00 1621 Precision Capacitance-Measurement System

1566 Cable Set 1566-9500 88 55.00
1567 Sound-Level Calibrator 1567-9701 38 150,00

Bench model, 60 Hz 1621-9701 156 6,015.00
Rack model, 60 Hz 1621-9702 156 5,915.00

1568-A Wave Analyzer Bench model, 50 Hz 1621-9703 156 6,015.00
Portable model, 115 Vac 1568-9701 59 1,750.00 Rack model, 50 Hz 1621-9704 156 5,915.00
Portable model, 230 Vac 1568-9702 59 1,750.00 1630-AV Inductance-Measuring Assembly
Rack model, 115 Vac 1568-9820 59 1,770.00 115 V, 60 Hz 1630-9827 194 5,160,00
Rack model, 230 Vac 1568-9821 59 1,770.00 115 V,50 Hz 1630-9847 194 5,160.00

1569 Automatic Level Regulator 230 V, 60 Hz 1630-9837 194 5,160.00
Bench model 1569-9700 89 695.00 230 V. 50 Hz 1630-9857 194 5,160.00
Rack model 1569-9701 89 695.00

1632-A Inductance Bridge
AUTOMATIC VOLTAGE REGULATORS Bench model 1632-9801 193 1,735.00
1571 Variac®automatic voltage regulators Rack model 1632-9811 193 1,735.00

1571-AL, 115 V ±10%, 60 Hz 1571-9831 290 860.00 1633-A Incremental-lnduetance Bridge
1571-AL2, 115 V +24-18%, 60 Hz 1571-9898 290 860.00 Bench model, 115 V 1633-9801 195 1.730.00
1571-ALJ, 115 V ±10%, 400 Hz 1571-9551 290 910.00 Rack model, 115 V 1633-9811 195 1,730.00
1571-AL2J, 115 V +24-18%, 400 Hz 1571-9556 290 910.00 Bench model, 230 V 1633-9802 195 1,730.00

1581 and 1582 Variac®automatic voltage regulators Rack model, 230 V 1633-9812 195 1.730.00
115-V Models: 1633-Pl Range Extension Unit 1633-9601 194 230,00

1581-AL, ±10%, 50 A Order by describing 690.00 1641 Sweep-Frequency Refleetometer
1582-AL, ±lO%, 85 A model and options 760.00 20 MHz to 1_5 GHz:
1581-AL2, +24-18%, 25 A desired. Refer to 690.00 Bench model 1641-9702 209 3,412.00
1582-AL2, +24-18%, 42.5 A pages 291 and 292 760.00 Rack model 1641-9712 209 3,375,00

230-V Models: of Catalog 73. 690.00 20 MHz to 7 GHz:
1581·AH5, ±5%, 40 A 690.00 Bench model 1641-9701 209 4,575,00
1582-AH5, ±5%, 85 A 760.00 Rack model 1641-9711 209 4,539.00
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20 MHz to 18 GHz (w/all 3 RF Units): OP5A Low-Level Data Output $330.00

Bench model 1641-9704 209 $7.275.00 OP5B High-Level Data Output 330.00

Rack model 1641-9714 209 7.237.00 1683 Accessory:
20 MHz to 18 GHz: 1683-Pl Test Fixture. for axial leads 1683-9601 139 245.00

Bench model 1641-9705 209 6.112.00 1684 Digital Impedance Meter
Rack model 1641-9715 209 6.075.00 Bench models:

500 MHz to 7 GHz: wIno options 1684-9700 140 1.050.00
Bench model 1641-9703 209 2.625.00 w/dissipation-factor option 1684-9701 140 1,195.00
Rack model 1641-9713 209 2,587.00 w/data-output option 1684-9702 140 1,150.00

500 MHz to 18GHz: wID and data-output options 1684-9703 140 1,295.00
Bench model 1641-9706 209 5,325.00 Rack models:
Rack model 1641-9716 209 5.287.00 wIno options 1684-9704 140 1,080.00

lGHzto18GHz: w/dissipation-faetor option 1684-9705 140 1,225.00
Bench model 1641-9707 209 3.813.00 w/data-output option 1684-9706 140 1.180.00
Rack model 1641-9717 209 3.776.00 wID and data-output options 1684-9707 140 1.325.00

1641-Z Sweep-Frequency Reflectometer. w/display scope Accessories:
20 MHzto 1.5GHz: 1684-P2 Test Fixture. Kelvin clips 1684-9600 140 60.00

Bench model 1641-9902 209 4,848.00 1684-P3 Probe, for in-circuit testing 1684-9630 140 25.00
Rack model 1641-9912 209 4,811.00 Extender Board 1684-4740 140 50.00

20 MHz to 7 GHz: 1690-A Dielectric Sample Holder 1690-9701 166 800.00
Bench model 1641-9901 209 6.011.00

1703 Recording Audiometer (G.s) . 1703-9700 35 1.495.00
Rack model 1641-9911 209 5.973.00

500 MHz to 7 GHz: Accessories:
Chart paper, 500 sheets 1703-9102 35 15.75

Bench model 1641-9903 209 4.061.00
Red pens. pkg of 4 1703-9665 35 6.00

Rack model 1641-9913 209 4.023.00
Green pens, pkg of 4 1703-9666 35 6.00

1641 RF Units Blue pens, pkg of 4 1703-9667 35 6.00
20 MHz to 1.5 GHz 1641-9601 209 1,950.00

Order by describing
500 MHz to 7 GHz 1641-9602 209 1.162_00 1710 RF Network Analyzer

1 GHz to 18 GHz 1641-9603 209 2,025.00 Bench model model and options 6.150.00
Rack model desired. Refer to 6,150.00

1641 Transfer Detectors Select following options, if desired: pages 202 thru 206
20 MHz to 7 GHz 1641-9606 209 348.00 OPl Display Oscilloscope of Catalog 73. 700.00
1 GHzto18GHz 1641-9604 209 675.00 OP2 S-Parameter Measuring Set 2.850.00

1641 Accessory Kit 1641-9605 209 535.00 OP3 Polar Display Capability 295.00
1644-A Megohm Bridge OP4 Group-Delay Measurement Capability 295.00

Portable model, 115 V 1644-9701 182 945.00 Options available for customer installation:
Rack model. 115 V 1644-9820 182 955.00 OPl R Retrofit Kit (Display Oscilloscopel 1710-9611 202 750.00
Portable model. 230 V 1644-9711 182 945.00 OP3R Retrofit Kit (Polar Display) 1710-9614 202 310.00
Rack model, 230 V 1644-9821 182 955.00 OP4R Retrofit Kit (Group Delay) 1710-9615 202 310.00

1650-B Impedance Bridge 1713 S-Parameter Measuring Set'
Portable model 1650-9702 154 555.00 Bench model 1713-9600 202 2,800.00

Rack model 1650-9703 154 590.00 Rack model 1713-9601 202 2,750.00

1650-Pl Test Jig 1650-9601 151 46.00 Service Kit, for maintenance ease, includes

1654 Impedance Comparator 3 extender boards, 2 GR874@adaptorswith

Bench model 1654-9700 149 1,400.00 SMA plugs, and GR874-to-GR874 patch cord 1710-9510 202 195.00

Rack model 1654-9701 149 1.350.00 Accessories Available:

1654-9600 Adaptor Kit 1654-9600 149 25.50 1710-Pl Transmission Tee (50 n)' 1710-9601 202 115.00

1654-Z Sorting Systems (bench only)
1710-P2 Transmission-Reflection

Bridge (50 nl' . 1710-9602 202 595.00
1654-Z2 w/1413 Decade Capacitor 1654-9702 149 2.600.00

171 o-P3 Transmission-Reflection
1654-Z1 w/1782 Limit Comparator Order by describing 2,060.00

Bridge (75 nl" 1710-9603 202 595.00
1654-Z3 w/1413 and 1782 model and option, 3,225.00

1710-P4 Transmission Tee (75 nl" 1710-9604 202 115.00
Option for 1654-Z1 and -Z3 only: if desired. Refer to 1710-P5 Immittance Probe, for impedance

OP6 Relay Output page 149 of Catalog 73. 75.00
and admittance measurements 1710-9605 202 595.00

1656 Impedance Bridge 1710-P50 Matching-Pad Cable Set (50 n) 1710-9650 202 125.00
Portable model 1656-9701 151 770.00 171 o-P75 Matching-Pad Cable Set (75 nl 1710-9675 202 125.00
Rack model 1656·9702 151 810.00 Transistor Mounts, for S·Parameter Measuring

166().A Precision Inductance-Measuring Assembly Set (OP2 or 1713)
115-V model 1660-9701 193 2.600.00 With O.l-in. pin circle:
23O-V model 1660-9711 193 2,600.00 1607-P43, Grounded Base 1607-9643 255 240.00

1662 Resistance Limit Bridge 1607-P44. Gnd Emitter or Collector 1607·9644 255 240.00

Bench model 1662·9700 180 1,225.00 With 0.2-in. pin circle:

Rack model 1662-9701 180 1,190.00 1607-P41. Grounded Base 1607-9641 255 240.00

1662-Pl Test Fixture 1662-9601 180 112.00
1607·P42. Gnd Emitter or Collector 1607-9642 255 240.00
1607·P40 Termination Kit 1607·9640 255 63.00

1666 DC Resistance Bridge. portable 1666-9700 181 950.00 1713 S·Parameter Measuring Set (~ 171 0 'o~ti~ns)
1680-Pl Test Fixture 1680-9601 149 125.00 1730 Linear Circuit Tester

Bench model Order by describing 5.950.00
1682 Automatic Capacitance Bridge (1 MHz) Rack model model and options 5.950.00

Bench model Order by describing 4,500.00 Select following options. if desired: desired. Refer to
Rack model model and options 4,500.00 OPl o-Siew-Rate Test pages 126 thru 128 495.00

1682 Options, if desired: desired. Refer to OPll Output Impedance and of Catalog 73.
OP2 Remote Programmability pages 142 and 143 330.00 Gain-Bandwidth Tests 495.00
OP5A Low-Level Data Output of Catalog 73. 330.00 OP25 Programmability and
OP5B High-Level Data Output 330.00 Data Output 400.00

1682 Accessories: Accessories available:
1682-Pl Test Fixture, for axial leads 1682-9601 143 165.00 Blank device-adaptor board t 1730-9400 126 50.00
1682·P2 Test Fixture, GR900 terminals 1682·9602 143 165.00 Universal memory panel t 1730-9600 126 25.00
1682-P3 Test Fixture. GR874 terminals 1682-9603 143 137.50 Extended-resolution potentiometers,
Extender Board 4215-2700 143 ... set of 3 1730·9599 126 25.00
Extender Board (2 req'd) 4215·2701 143 Extender board, uSP.d for maintenance 1730·9598 126 50.00

1762-9610 Power Transformer 1762-9610 114 410.00
1683 Automatic RLC Bridge (See 1790 Accessories)

Bench model, 60 Hz Order by describing 4,750.00 1770 Scanners none 144
Bench model. 50 Hz model and options 4,750.00 1781 Digital Limit Comparators
Rack model, 60 Hz desired. Refer to 4,750.00 Bench model 1781·9801 144 1,860.00
Rack model, 50 Hz pages 138 and 139 4,750.00 Rack model 1781-9811 144 1,860.00

1683 Options, if desired: of Catalog 73.
OP2 Remote Programmability 330.00 • Requires a 1710-P50 Matching-Pad Cable Set (50 nl.
OP3 Leakage Current 330.00 •• Requires a 1710·P75 Matching-Pad Cable Set (75 n). • • • Prices on request

OP4 ESR Readout 330.00 t One of each normally supplied.
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1782 Analog Limit Comparator

Bench model, wino relays 1782-9700 149 $610.00 1900-Pl Link Unit 1900-9601 50 $ 50.00
Rack model, wino relays 1782-9701 149 630.00 19OD-P3 Link Unit 1900-9603 50 92.00
Bench model, w/relays 1782-9702 149 690.00 191G-A and ·AQl Recording Wave Analyzers
Rack model, w/relays 1782-9703 149 710.00 60-Hz, 115-V model (-A) 1910-9701 62 5,350.00

1783 Digital Limit Comparator 60-Hz, 230-V model (-A) 1910-9711 62 5,350.00
Bench model 1783-9801 144 2.755.00 5Q.Hz. 115-V model (-AQll 1910-9493 62 5,350.00
Rack model 1783-9811 144 2,755.00 5Q.Hz, 230-V mod..1(·AO1I 1910-9';94 62 5,350.00

178!>Digital Printer
1911-A and ·AQl Recording Sound and Vibration AnalyzersPortable Model, DTL 8-4-2-1 Input 1785-9701 145 1,250.00

Rack Model, DTL 8-4-2-1 Input 1785-9702 145 1,300.00 60-Hz, 11 5-V model (·A) 1911-9701 62 3,800.00
Specify 1 or more of following essentials: 60-Hz, 230-V model (-A) 1911-9711 62 3,800.00

Input Cable for 1680 Bridge 1785-1000 145 50.00 50-Hz, 115-V model (-AQll 1911-9493 62 3,800.00
Input Cable for 1682 or 1683 Bridge 17B5-1010 145 50.00 5O·Hz, 230·V model (-AQ1) 1911-9494 62 3,800.00
Input Cable for 1926 Detector 1785-1020 145 50.00 1913 Recording Wave Analyze,
Mating Connector Assembly (unwired, 6o-Hz, 11 5-V model 1913-9700 63 3,955.00

for use with other data sources) 1785-D427 145 15.00 60-Hz, 230·V model 1913-9702 63 3,955.00
Select following options, if desired: 50-Hz, 115-V model 1913-9703 63 3,955.00

Buffered Input Module, 8-4-2-1 1785-9601 145 250.00 5Q.Hz, 230-V model 1913-9701 63 3,955.00
Buffered Input Module, 2-4-2-1 1785-9602 145 300.00 1921 Real·Time Analyzer

Accessories Available: With attenuator:
Paper, Roll (pack of 10) 1785-0425 145 10.00 25 Hz to 20 kHz
Paper, Fan Fold (pack of 10) 1785-0428 145 15.00 Bench model 1921 -9700 64 10,400.00

1790 Logic.circuit Analyzer Rack model 1921-9701 64 10,400.00
115-V, 60-Hz Model Order by describing ** 12.5 Hz to 10 kHz

115-V, 50-Hz Model model and options ** Bench model 1921-9702 64 10,495.00
Select following options, if desired: desired. Refer to Rack model 1921-9703 64 10,495.00

OP2 Additional Memory pages 112 thru 114 ** 3.15 Hz to 2.5 kHz

OP3 Programmable Levels of Catalog 73. ** Bench model 1921-9704 64 10,610.00
Rack model 1921-9705 64 10,610.00OP4 Extra Core Memory (4 k)

100 Hz to 80 kHzOptions available for retrofit in the field,
Bench model 1921-9706 64 10,350.00by GR personnel*:
Rack model 1921-9707 64 10,350.00Additional Magnetic·Tape Memory **

3K Programmable Levels Without attenuato':
4K Extra Core Memory (4 k) for PDP-8/e 25 Hz to 20 kHz

Accessories available: Bench model 1921-9708 64 10,010.00
Power Transformer (for line voltage of Rack model 1921-9709 64 10,010.00

105,210,220,230, and 240 V, ±8%) 1762-9610 114 410.00 12.5 Hz to 10 kHz

Standard Device Adaptor Bench model 1921-9710 64 10,100.00
Rack model 1921-9711 64 10,100.00

Socket Inputs Outputs Programmable 3.15 Hz to 2.5 kHz
Holes Pins (in/out)

Bench model 1921-9712 64 10,200.00No 72 72 No 1790-9601 114 133.00 Rack model 1921-9713 64 10,200.00No 96 144 No 1790-9602 114 200.00 100 Hz to 80 kHz
Yes 72 72 No 1790-9603 114 138.00 Bench model 1921-9714 64 9,955.00Yes 96 144 No 1790-9604 114 200.00 Rack model 1921-9715 64 9,955.00

Universal Device Adaptor 1921-P2 Storage Display Unit
No 72 72 24 1790-9605 114 610.00 Bench model 1921-9716 64 1,345.00No 72 72 48 1790-9606 114 840.00 Rack model 1921-9717 64 1,395.00Yes 72 72 72 1790-9607 114 1,020.00
Yes 96 144 96 1790-9608 114 1,375.00 TIME/DATA ANALYZERS 12300 Seriesl

1792 Logic.circuit Test System 1923 Tirne-Se,ies Analyzer

Order by describing model and options desired. TID 1923/30 Order by describing
TID 1923/50 model and optionsRefer to pages 110 and 111 of Catalog 73.
TID 1923/70 desired. Refer to

1793 Logic.circuit Tester Order by describing TID 1923/90 pages 70 and 71 of
Select following options, if desired: options desired for Select following options, if desired: Catalog 73.

OPl Add'i drivers and sensors (24 each) the 1793, if any. OP7 Teletype, ASR-33
OP2A Dual Cassette Transports (60 Hz) Refer to page OP20 Rack cabinet, 70 in.
OP2B Dual Cassette Transports (50 Hz) 115 of Catalog 73. OP50 Keyboard and its control software
OP2C Single Cassette Transport (60 Hz) OP56 Program-controlled anti-alias filter
OP2D Single Cassette Transport (50 Hz) OP57 High-speed paper-tape
OP3 Prog. levels, 48 drivers and sensors reader (300 cps)
OP3A Add'i prog. drivers and sensors (24 each) (Other options available - see page
OP4 Extended core memory (4 k extra) 71 of Catalog 73)
OP5A ASR-33 Teletypewriter (60 Hz) 1925-9670 Transmission Record Sheets,
OP5B ASR-33 Teletypewriter (50 Hz) 10lpack 1925-9670 66 15.25
OP5C ASR-35 Teletypewriter (60 Hz) 1925 Multifilter
OP5D ASR-35 Teletypewriter (50 Hz) 1/3-OCtave Bands, with attenuatar:
OPB High-speed tape reader 25 Hz to 20 kHz
OP7 Alphanumeric CRT display Bench model 1925-9700 67 3,925.00OP8 Software-autoprogramming Rack model 1925-9701 67 3,925.00OP9 Transformer 1762-9610 114 410.00 12.5 Hz to 10 kHz

1822 Digital Voltmeter Calibrator Bench model 1925-9702 67 4,010.00
Bench model 1822-9700 3,125.00 Rack model 1925-9703 67 4,010.00
Rack mode! 1822-9701 3,125.00 3.15 Hz to 2.5 kHz

184o-A Output Power Meter 1840-9701 90 435.00 Bench model 1925-9704 67 4,110.00
1863 Megohmmeter Rack model 1925-9705 67 4,110.00

Portal'ile model 1863-9700 183 435.00 100 Hz to 80 kHz
Rack model 1863-9701 183 435.00 Bench model 1925-9706 67 3,870.001864 Megohmmeter Rack model 1925-9707 67 3,870.00Portable model 1864-9700 183 535.00

Octave Bands, with attenuatar:Rack model 1864-9701 183 535.00
31.5 to 16 kHz

19OD-A Wave Analyzer Bench model 1925-9708 67 2,365.00Bench model, 11 5 V 1900-9801 60 3,160.00 Rack model 1925-9709 67 2,365.00Rack model, 115 V 1900-9811 60 3,160.00 4 Hz to 2 kHz
Bench model, 230 V 1900-9802 60 3,160.00 Bench model 1925-9710 67 2,480.00Rack model, 230 V 1900-9812 60 3,160.00 Rack model 1925-9711 67 2,480.00

"Please consult GR; the nature of your system and its options determines the
appropriate software and a choice of variations not detailed here. • ·Prices on request.
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1/3-0ctave Bands, without attenuator: 1962 Electret-Condenser Microphones
25 Hz to 20 kHz Flat random-incidence response,

Bench model 1925-9712 67 $3,535.00 1/2-inch 1962-9601 94 $175.00
Rack model 1925-9713 67 3,535.00 Flat perpendicular-incidence response,

12. 5 Hz to 10kHz 1/2-inch 1962-9602 94 175.00
Bench model 1925-9714 67 3,620.00 1962-3200 Microphone Attenuator 1962-3200 98 25.00
Rack model 1925-9715 67 3,620.00 1963 Electret-Condenser Microphone

3.15 Hz to 2.5 kHz
Bench model 1925-9716 67 3,735.00

Flat perpendicular-incidence response,

Rack model 1925-9717 67 3,735.00
1/4-inch 1963-9602 94 175.00

100 Hz to 80 kHz 1972 1/2-inch Ceramic Microphone 1972-9601 95 125.00

Bench model 1925-9718 67 3,480.00 1972-9600 PreamplifierI Adaptor 1972-9600 96

Rack model 1925-9719 67 3,480.00 2200 Multi-station Test System
Octave Bands. without attenuator Refer to pages 108 and 109 of Catalog 73

31.5 Hz to 16 kHz 2230 Passive Test System
Bench model 1925-9720 67 2,235.00 Refer to page 125 of Catalog 73
Rack model 1925-9721 67 2,235.00

MICRONETlC'SYSTEMS LASER TRIMMER4 Hz to 2 kHz
Bench model 1925-9722 67 2,335.00 MIS 80 Laser Trim System 2250-9780 120
Rack model 1925-9723 67 2,335.00 For added capability: Order by describing

1926 Multichannel RMS Detector Cassette memory extension optional equipment

Bench model, 30 channels 1926-9701 69 6,625.00 High-speed line printer desired. Refer to

Rack model, 45 channels 1926-9703 69 7,125.00 Refrigerated laser cooler pages 120 and 121

1933 Precision Sound-Level Meter and Analyzer
Automatic substrate ejection of Catalog 73.
Step-and-repeat probing

Models Conforming to IEC 179 and ANSI Sl.4-1971, Type 1: Reject mark ing
With l/2-in. and 1-in. random- Replacement Nest. add'i

incidence mikes 1933-9700 45 1,525.00 Probe Ring, 1 normally supplied. 48-probe capacity
With l/2-in. random-incidence mike 1933-9701 45 1,350.00 Probe for probe ring

Models conforming to I EC 179, recommended for Europe: Laser Lamp, spare
With 1/2-in. and 1-in. perp.- 2260 RF Network Analyzer System

incidence mikes 1933-9702 45 1,525.00
With 1/2-in. perp.-incidence mike 1933-9703 45 1,350.00

Refer to page 206 of Catalog 73

Accessories available: 2995-9158 Bias Supply 2995-9158 146 815.00

Microphone extension cable, 60 ft. 1933-9601 45,98 25.00 2995-9349 Resistance Anodize Trimmer 2995-9349 122 4.950.00
Miniature phone plug to 1933 mike mast 1933-9602 45 12.00 Power Cords and Cable I
Carrying case, small 1933-9603 48 75.00 IEC Power Cord, 3-wire 4200-9625 336 2.75
Carrying case, large 1933-9604 48 125.00 CAP-22 Power Cord, 3-wire 4200-9622 336 2.75

(See page 46 of Catalog 73 for other accessories) CAP-35 Power Cord, 2-wire 4200-9635 336 2.75
1933 Sound-Analysis Systems 4205 Cable 4205-1010 66.00
Refer to page 48 1933-9710 48 1,985.00 Smith Charts
of Catalog 73 1933-9711 48 1,985.00 Normalized Coordinates
for contents of 1933-9712 48 ** Type NX, 22.5 x 35 in_, 75/pad 5301-7563 256 13.00
each. 1933-9713 48 Type N, 8.5 x 11 in.. 50/pad 5301-7560 256 2.75

1933-9714 48 1,845.00 Type NE, expanded, 8.5 x 11 in., 50/pad 5301-7561 256 2.75
1933-9715 48 1,845.00 Type HE, highly expanded, 8.5

1934 Noise-Exposure Monitor x 11 in., 50/pad 5301-7562 256 2.75
wIno microphone 1934-9700 28 770.00 5O-0hm Coordinates
w/1560-P6 microphone 1934-9701 28 895.00 Type Z, 8.5 x 11 in.,50/pad 5301-7569 256 2.75

Accessories: 2o-Millimho Admittance Coordinates
1934-Pl Security case, for

tamper-proof installation 1934-9600 28 75.00
Type Y, 8.5 x 11 in.. 50/pad 5301-7568 256 2.75

Accessory cable, for MFE M-12
or M-12B recorder 1934-9601 28 10.00 BATTERIES

Accessory cable, for MFE Dn 6/4 Instrument used with:

data printer 1934-9602 28 30.00 1650-B (4 req'd); 1656 (5 req'd);

(See page 29 of Catalog 73 for other accessories) 1666-9700 (8 req'd) 8410-0200 .25

1935 Cassette Data Recorder 1935-9700 47 1217-P2 (1 req'd) 8410-0300 .20

1935 Earphone, for 1933 and 1935 1935-9601 10.00 1558-A and -BP (1 req'd);

1935-9603 Cassette, 3O-minute 1935-9603 47 1564-A (1 req'd); 1568-A (1 req'd) 8410-0410 32.60

1938 Sound Shelter 1938-9700 34 1,045.00-
1560-P40H and -P60 (2 req'd);

1952 (2 req'd); 1561-9701 and -9702 (2 req'd);
1939 Audiometric Examination Room 1560-9512 (2 req'd) 8410-1040 15.55

w/forced ventilation and shelf 1939-9703 34 1,775.00- 1557-9702 (dry cell - 1 req'd) 8410-1050 1.30
w/forced ventilation, no shelf 1939-9701 34 1,735.00- 1232-9701 (9 req'd); 1557-9701
w/outside shelf for audiometer, no fan 1939-9702 34 1,490.00- (4 req'd); 1660-A (9 req'd) 8410-1372 2.00
wIno forced ventilation, no shelf 1939-9700 34 1,450.00- 1346 (1 req'd) 8410-1380 1.55

1939 Large Audiometric Examination Room 1944-9702 (4 req'd); 1933 (4 req'd);
w/forced ventilation and shelf 1939-9707 1,895.00- 1935-9700 (5 req:d) 8410-1500 .80
w/forced ventilation, no shelf 1939-9705 1,855_00- 1561-9700 (3 req'd); 1562-9701 (1 req'd) 8410-3000 1.25
w/outside shelf for audiometer, no fan 1939-9706 1,610_00- 1563-9701 (2 req'd); 1567-9701
wIno forced ventilation, no shelf 1939-9704 1,570_00- (1 req'd); 1565-9702 (2 req'd); 1944-9701

1940 Power Supply and Charger 1940-9701 47 285.00 (1 req'd) 8410-3200 1.15

1944 Noise Dosimeter, includes monitor
1551-9703 (set) 8410-9499 4.50

and Indicator in storage case 1944-9700 30 895.00 1556-9702 (set) 8410-9590 3.55

1944 Noise-Exposure Monit')r 1944-9701 30 350.00 1565-9900 and 9901 (set) 8410-9591 1.50

1944 Noise-Exposure Indicator 1944-9702 30 495.00 1553-A and -AK (set) 8410-9799 4.70
1935-9700 (rechargeable, set of 5 cells) 1940-9500 24.00

1952 Universal Filter per set
Bench model 1952-9801 91 1,095.00
Rack model- . 1952-9811 91 1,095.00 HANDBOOKS

1961 Electret-Condenser Microphones Handbook of Noise Measurement 5301-8111 20 7.50
Flat random-incidence response, Handbook of High-Speed Photography 5301-8112 20 1.00

1-inch 1961-9601 93 175.00 Handbook of Stroboscopy 5301-8113 20 2.00
Flat perpendicular-incidence response, Handbook of Coaxial Microwave

1-inch 1961-9602 93 175.00 Measurements 5301-8114 20 2.00

'F.a.B. Bronx, N. Y. •• Prices on request
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VARIAC@ADJUSTABLEAUTOTRANSFORMERS W30G2M 2-gang, cased 3120-5121 299.300 $274.50

50-60 Hz Models W30G3 3-gang, uncased 3120·5130 299,302 334.50

W28erles W30G3M 3·gang, cased 3120·5131 299,302 381.50

W2 Uncased 3010-5110 299 $18.50 W30H Series
W2M With case 3010·5111 299 29.25 W30H Uncased 3130-5110 300 103.00
W2G2 2·gang. uncased 3010-5120 300 45.75 W30HM With case 3130-5111 300 126.50
W2G2M 2-gang, cased 3010·5121 300 66.75 W30HG2 2-gang, uncased 3130-5120 300,302 226.50
W2G3 3-gang. uncased 3010-5121 302 65.00 W30HG2M 2-gang, cased 3130-5121 300,302 274.50
W2G3M 3-gang, cased 3010-5130 302 86.50 W30HG3 3-gang, uncased 3130·5130 300,302 334.50

WSSeries W30HG3M 3-gang, cased 3130-5131 300,302 381.50

W5MT3A Metered 3030-5012 304 123,50 WSOSeries
W5MT3W Metered 3030-5013 304 152.00 W50·Pl Choke 3150-5016 312 21.00
W5MT3AW Metered 3030-5014 304 194.00 W50 Uncased 3150-5110 299 159.00
W5MT3VM Metered 3030-5015 304 76.00 W50M With case 3150·5111 299 194.00
W5 Uncased 3030·5110 299 22.50 W50G2 2-gang, uncased 3150-5120 299 341.00
W5M With case 3030-5111 299 33.25 W50G2M 2-gang, cased 3150-5121 299 400.00
W5MT Portable,2-wire 3030-5118 304 41.00 W50G3 3-gang, uncased 3150-5130 299,302 505.00
W5MT3 Portable,3-wire 3030-5119 304 41.00 W50G3M 3-gang, cased 3150-5131 299,302 565.00
W5G2 2-gang, uncased 3030-5120 300 53.50 W50G4BB 4-gang, ball bearings, uncased 3150-5240 299 710.00
W5G2M 2-gang,cased 3030-5121 300 75.00 W50G4BBM 4-gang, ball bearings, cased 3150-5241 299 795.00
W5G3 3-gang, uncased 3030·5130 302 77.00 W50G6BB 6-gang, ball bearings, uncased 3150-5260 299,302 1.070.00
W5G3M 3-gang, cased 3030·5131 302 98.50 W50G6BBM 6-gang, ball bearings, cased 3150-5261 299,302 1.175.00

WBSeries W50G9D60CK 9-gang, motor driven, uncased 3150-5876 302 2,150.00

WBMT3VM Metered 3038-5015 304 81.50 (W50G9BB)

WB Uncased 3038-5110 299 24.75 W50G12D60CK 12-gang, motor driven ,uncased 3150·5886 302 2,750.00

WBMT3 Portable, 3-wire 3038-5119 304 47.50 (W50G12BB)

W8G2 2-gang, uncased 3038-5120 299,300 56.50 W50H Series
W8G3 3-gang, uncased 3038-5130 299,302 82.50 W50H Uncased 3160·5110 300 159.00

WSHSeries W50HM With case 3160-5111 300 194.00

W5H Uncased 3040-5110 300 25.75 W50HG2 2·gang, uncased 3160-5120 300.302 341.00

W5HM Cased 3040·5111 300 36.50 W50HG2M 2,gang, cased 3160-5121 300,302 400.00

W5HMT Portable,2-wire 3040-5118 304 43.75 W50HG3 3,gang, uncased 3160-5130 300,302 505.00

W5HG2 2-gang, uncased 3040-5120 300,302 60.00 W50HG3M 3-gang, cased 3160-5131 300,302 565.00

W5HG2M 2-gang, cased 3040-5121 300,302 81.50 W50HG4BB 4-gang, ball bearings, uncased 3160·5240 300.302 710.00

W5HG3 3-gang, uncased 3040-5130 302 86.50 W50HG4BBM 4-gang, ball bearings, cased 3160-5241 300,302 795.00

W5HG3M 3-gang, cased 3040-5131 302 108.00 W50HG6BB 6-gang, ball bearings, uncased 3160-5260 300,302 1,070.00

WSL Series
W50HG6BBM 6-gang, ball bearings, cased 3160-5261 300,3021.175.00
W50HG9D60CK 9-gang, motor-driven, uncased 3160-5876 302 2,150.00

W5L Uncased 3050-5110 299 22.50 (W50HG9BB)
W5LM With case 3050-5111 299 33.50 W50HG12D60CK 12-gang,motor-driven,uncased 3160-5886 302 2,750.00
W5LMT3 Portable,3-wire 3050-5119 304 41.75 (W50HG12BB)
W5LG2 2-gang, uncased 3050-5120 299 53.50 U2 Variac 3200-5110 296 13.30
W5LG2M 2-gang,cased 3050-5121 299 75.00
W5LG3 3-gang, uncased 3050-5130 299,301 77.00 4OO·Hz Models

W5LG3M 3-gang,cased 3050-5131 299,301 98.50 M2 Series
M2 Uncased 3410·5110 303 21.50

WBLSeries M2G2 2-gang, uncased 3410-5120 303 51.50
WBL Uncased 3058-5110 299 24.75 M2G3 3-gang, uncased 3410-5130 303 73.00
WBLG2 2-gang,uncased 3058-5120 299,300 56.50
WBLG3 3-gang, uncased 3058-5130 299,301 82.50 M5Series

M5 Uncased 3430-5110 303 26.00
Wl0Series M5G2 2-gang, uncased 3430-5120 303 60.25
Wl0MT3A Metered 3060-5012 304 145.75 M5G3 3-gang, uncased 3430-5130 303 86.75
Wl0MT3W Metered 3060-5013 304 180.50

Ml0 Series
Wl0 Uncased 3060-5110 299 40.75
Wl0M With case 3060-5111 299 59.00

Ml0 Uncased 3460·5110 303 46.00

Wl0MT Portable,2-wire 3060-5118 304 73.00
Ml0G2 2-gang, uncased 3460-5120 303 101.00

Wl0MT3 Portable,3-wire 3060-5119 304 73.00
Ml0G3 3-gang, uncased 3460-5130 303 148.00

W1OG2 2-gang, uncased 3060-5120 300 90.00 M20 Series

Wl0G2M 2-gang, cased 3060-5121 300 125.50 M20 Uncased 3490·5110 303 68.25

Wl0G3 3-gang, uncased 3060-5130 302 131.50 M20G2 2-gang, uncased 3490-5120 303 145.75

Wl0G3M 3-gang, cased 3060-5131 302 167.25 M20G3 3-gang, uncased 3490-5130 303 215.00

W10H Series
Minivolt Models (Manufactured in Europe)

Wl0H Uncased 3070-5110 300 41.75 LO-12 Minivolt 3230-5000 312 11.50'

Wl0HM With case 3070-5111 300 60.00 LO-24 Minivolt 3230-5001 312 11.50'

Wl0HMT Portable, 2-wire 3070-5118 304 74.00 LO-36 Minivolt 3230-5002 312 11.50'

Wl0HMT3 Portable,3-wire 3070-5119 304 74.00 BaIl·Bearing Surcharges

Wl0HG2 2-gang,uncased 3070-5120 300,302 92.50 Add B8 to Type Number and change 6th digit of Catalog Number to 2.

Wl0HG2M 2-gang, cased 3070-5121 300,302 127.50 M2, M5, W2, W5, W5H, W5L. W8, W8L 8.75

Wl0HG3 3-gang, uncased 3070-5130 302 134.75 M2G2, M5G2, W2G2, W5G2. W5HG2, W5LG2, W8G2,

Wl0HG3M 3-gang, cased 3070·5131 302 170.50 W8LG2 14.25

W20Series
M2G3, M5G3, W2G3, W5G3, W5HG3, W5LG3, Ml0G2,

W20MT3A Metered 3090-5012 304 169.25
M2OG2, WBG3, W8LG3, Wl0G2, Wl0HG2,

W20 Uncased 3090·5110 299 60.00
W20G2, W20HG2 16.25

W20M With case 3090-5111 299 78.50
Ml0, M20, WlO, Wl0H, W20, W20H 9.75

W20MT3 Portable,3-wire 3090-5119 304 115.25
MlOG3, M20G3, Wl0G3, Wl0HG3, W20G3, W20HG3,

W20G2 2-gang,uncased 3090-5120 299,300 131.50
W3OG2, W30HG2, W50G2, W50HG2 19.25

W20G2M 2-gang,cased 3090-5121 299,300 167.25
W30, W30H, W50, W50H 13.25

W20G3 3-gang, uncased 3090-5130 299,302 194.75
W3OG3, W30HG3. W50G3, W50HG3 23.25

Replacement Brushes for V.iac Autotransformers
W2OG3M 3-gang, cased 3090-5131 299,302 231.50 VB-2 (Formerly V5·3OO1 brush for M-5.
W20H Series V-5, W5, and W51, 3200-5900 312 1.30
W20HMT3A Metered 3100-5012 304 171.25 VB-1 (Formerly V5-3101 brush for M-2,
W20H Uncased 3100-5110 300 62.25 V-2, W2, V-5H, and W5H 3200-5901 312 1.45
W20HM With case 3100-5111 300 80.50 VBT-6 Brush set for W50 3200-5906 312 13.25
W20HMT3 Portable,3-wire 3100-5119 304 118.25 VBT-7 Brush set for W50H 3200-5907 312 10.00
W20HG2 2-gang, uncased 3100-5120 300,302 135.50 VBT-8 Brush set for M20, W20 3200·5908 312 4.00
W20HG2M 2-gang, cased 3100-5121 300,302 171.25 VBT-l0 Brush for M10, W10 3200-5910 312 2.15
W20HG3 3-gang, uncased 3100-5130 302 201.00 VBT-11 Brush for Wl0H 3200-5911 312 2.05
W20HG3M 3-gang, cased 3100-5131 302 237.50 VBT·12 Brush set for W20H 3200-5912 312 3.75
W30Series VBT-13 Brush set for W30 3200-5913 312 6.45
W30 Uncased 3120-5110 299 103.00 VBT-14 Brush set for W30H 3200-5914 312 5.45
W30M With case 3120-5111 299 126.50 VB-3 Brush for W8, W8L 3200-5923 312 2.25

W30G2 2-gang, uncased 3120-5120 299,300 226.50 • F.O.B. Paris, France
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Price List for Motor-Driven Variac® Autotransformers

sec\lnds for Add for Sec\lnds for Add for
320 Traverse 2 4 8 16 32 64 128 Price enclosure 320 Traverse 2 4 8 16 32 64 128 Price enclosure

M2 yes yes yes yes yes yes $140.00 Wl0H yes yes yes yes yes yes yes $173.00 $42.00
M2G2 yes yes yes yes yes yes 175.00 W10HG2 so yes yes yes yes yes yes 229.00 59.00
M2G3 yes yes yes yes yes 200.00 Wl0HG3 so so yes yes yes yes yes 275.00 59.00

M5 yes yes yes yes yes yes 144.00 W20 so yes yes yes yes yes yes 197.00 42.00
M5G2 yes yes yes yes yes yes 185.00 W20G2 so so yes yes yes yes yes 276.00 59.00
M5G3 yes yes yes yes yes 213.00 W20G3 so so yes yes yes yes yes 342.00 59.00

Ml0 yes yes yes yes yes yes yes 190.00 W20H so yes yes yes yes yes yes 199.00 42.00
Ml0G2 so yes yes yes yes yes yes 250.00 W20HG2 so so yes yes yes yes yes 280.00 59.00
Ml0G3 so so yes yes yes yes yes 300.00 W20HG3 so so yes yes yes yes yes 349.00 59.00

M20 yes yes yes yes yes yes 217.00 W30 so yes yes yes yes yes yes 261.00 47.00
M20G2 so so yes yes yes yes yes 300.00 W30G2 so so yes yes yes yes 392.00 70.00
M20G3 so so yes yes yes yes yes 374.00 W30G3 so so yes yes yes 503.00 70.00

W2 yes yes yes yes \les yes 137.00 $ 34.00 W30H so yes yes yes yes yes yes 261.00 47.00
W2G2 yes yes yes yes yes yes 170.00 44.00 W30HG2 so so yes yes yes yes 392.00 70.00
W2G3 yes yes yes yes yes 191.00 44.00 W30HG3 so so yes yes yes 503.00 70.00

W5 yes yes yes yes yes yes 141.00 34.00 W50 so so yes yes yes yes 322.00 59.00
W5G2 yes yes yes yes yes yes 177.00 44.00 W50G2 so so yes yes yes 512.00 83.00
W5G3 yes yes yes yes yes 204.00 44.00 W50G3 so so yes yes yes 681.00 83.00
W5H yes yes yes yes yes yes 144.00 34.00 W50G4 so so so so yes 859.00 106.00
W5HG2 yes yes yes yes yes yes 185.00 44.00 W50G6 so so so so yes 1215.00 129.00

W5HG3 yes yes yes yes yes 213.00 44.00 W50G9 yes 2150.00

W5L
W50G12 yes 2,750.00

yes yes yes yes yes yes 141.00 34.00
W5LG2 yes yes yes yes yes yes 177.00 44.00 W50H so so yes yes yes yes 322.00 59.00
W5LG3 yes yes yes yes yes 204.00 44.00 W50HG2 so so yes yes yes 512.00 83.00

W8
W50HG3 so so yes yes yes 681.00 83.00

yes yes yes yes yes yes 132.00 W50HG4 so so so so yes 859.00 106.00
W8G2 yes yes yes yes yes yes 170.00 W50HG6 so so so so yes 1215.00 129.00
W8G3 yes yes yes yes yes 197.00 W50HG9 yes 2.150.00

W8L yes yes yes yes yes yes 132.00 W50HG12 yes 2,750.00

W8LG2 yes yes yes yes yes yes 170.00
W8LG3 yes yes yes yes yes 204.00

Wl0 yes yes yes yes yes yes yes 172.00 42.00 so = Available on special order.

Wl0G2 so so yes yes yes yes yes 227.00 59.00 yes = Available from stock.
Wl0G3 so so yes yes yes yes yes 273.00 59.00 = Not available.

GRASON~TADLERPRODUCTS Catalog Cat. '73 Catalog Cat. '73
1100 Relay System Number Page Pricet Number Page Pricet

Basic Lab Package. 60 Hz 1100-9900 103 776.00 1702 Automatic Audiometer 1702-9700 102 3.500.00
Basic Lab Package. 50 Hz 1100-9902 103 795.00 1703 Recording Audiometer 1703-9700 35,102 1,495.00
Expanded Lab Package, 60 Hz 1100-9910 103 2.190.00

1704 Manual Audiometer 1704-9700 102 2,700.00
Expanded Lab Package. 50 Hz 1100-9912 103 2,210.00

1200 System, Solid~tate 720 Otoadmittance Meter 1720-9700 102 1,950.00

Basic Lab Package, wIno Power Supply 1200-9900 103 1,769.00 3951 Evoked Response System

Intermediate Lab Package 1200-9905 103 3.898.00 Package A 3951-9900 102 9,710_oo

Central Prog_ Lab Package 1200-9910 103 4.660.00 Package B 3951-9905 102 9,855.oo

General-Purpose Psychoacoustic Pkg 1200-9920 103 4,356.00

1701 Automatic Audiometer tPrices for G-S products are net F.O.B. destination.
117·V model 1701-9710 102 6,500.00 Note: All G-S products are included in Grason-Stadler's Ca fa/og J00. and a
234-V model 1701-9720 102 6,500.00 separate price list is available.

Quick Reference
CATALOG NUMBER and PRICE

(listed numerically by catalog number)
Cat. No. Price Cat. No. Price Cat. No. Price Cat. No. Price Cat. No. Price Cat. No. Price Cat. No. Prict

0274·9454 $ .70 0480·9848 $ 20.00 0874-9403 $4.75 0874·9508 $6.50 0874-9609 $ 21.00 0874-9720 $14.50 0874·9757 $29.00
0274-9455 .70 0480-9986 18.00 0874·9410 4.75 0874-9509 6.50 0874-9612 21.00 0874-9721 16.50 0874·9758 29.00
0274-9468 2.10 0481-9842 33.00 0874-9411 6.50 0874-9511 35.00 0874-9613 24.00 0874-9722 22.00 0874-9759 95.00
0274-9492 2.10 0481-9846 31.00 0874-9412 5.00 0874-9513 42.00 0874-9621 49.00 0874·9723 25_00 0874-9791 80.00

0274-9710 .15 0482-9842 45.00 0874-9413 6.50 0874·9521 1.025.00 0874-9627 72.00 0874·9730 4.50 0874-9800 10.50

0274-9716 .25 0510-9511 17.00 0874-9414 4.50 0874-9526 17.00 0874-9631 85.00 0874-9731 45.00 0874·9801 12.00

0274-9721 .50 0510·9604 17.50 0874·9415 6.25 0874-9527 20.00 0874-9845 185.00 0874-9732 11.25 0874-9802 10.25

0274-9860 5.40 0510·9701 30.00 0874·9416 4.50 0874-9528 35.00 0874-9651 550.00 0874-9733 65.00 0874·9804 14_25

0274-9875 1.00 0510·9702 35.50 0874·9417 6.00 0874-9533 60.00 0874·9652 56.00 0874-9734 45.00 0874·9810 8_00

0274-9877 2.70 0510·9703 35.50 0874-9418 8.00 0874-9537 37.00 0874·9663 61.00 0874·9735 24.00 0874·9811 9.75

0274-9880 5.40 0510-9704 35.50 0874-9419 9.45 0874·9541 35.00 0874-9666 9.00 0874-9736 50.00 0874-9816 16.50

0274-9883 8.00 0510-9705 30.00 0874-9440 6.70 0874·9545 35.00 0874-9880 18.50 0874-9737 45.00 0874-9818 8.00

0274-9884 4.05 0510-9706 30.00 0874-9441 6.00 0874·9550 6.00 0874-9681 21.50 0874-9738 45.00 0874·9820 16_50

0480-2020 7.50 0510·9707 58.00 0874·9442 6.75 0874·9560 42.00 0874·9682 17.50 0874-9739 45.00 0874·9822 29.50

0480-2060 10.00 0510-9708 124.00 0874-9443 6.00 0874-9561 45.00 0874-9683 20.50 0874-9740 45.00 0874-9823 31.50

0480-2080 10.50 0510-9806 30.00 0874-9444 6.70 0874-9564 42.00 0874-9690 11.00 0874-9741 45.00 0874-9862 60.00

0480-2091 13.00 0631-9601 19_50 0874-9445 5.60 0874-9565 45.00 0874·9692 11.50 0874-9742 7.50 0874-9863 30.00

0480-9670 17.00 0648·9601 35.00 0874-9446 6.70 0874-9568 42.00 0874-9700 7.50 0874·9743 7.00 0874-9870 6.50

0480-9671 17.00 0716-9483 1.540.00 0874-9447 5.80 0874-9569 45.00 0874·9701 9.25 0874-9744 7.50 0874·9876 6.50

0480-9702 14.00 0716-9484 1.520.00 0874-9448 8.50 0874-9570 42.00 0874·9702 10.50 0874-9745 7.50 0874-9900 140.00

0480-9703 21.00 0716-9803 1.460.00 0874-9449 7.40 0874-9571 45.00 0874-9703 12.75 0874-9746 7.00 0874-9901 140.00

0480-9705 23.00 0716-9813 1,440.00 0874-9451 14.75 0874·9572 42.00 0874-9704 12.25 0874·9747 7.50 0874-9902 40.00

0480-9722 28.00 0776-9701 8.00 0874-9453 250.00 0874-9573 45.00 0874·9706 19.50 0874·9748 19.50 0874-9910 21.00

0480-9723 29.50 0776-9702 10.00 0874-9459 5.50 0874-9577 150.00 0874-9709 25_00 0874-9749 19.50 0874-9911 26.00

0480-9742 21.00 0776-9703 8.00 0874-9461 6.40 0874·9590 25.00 0874-9710 7.50 0874·9750 15.00 0874-9912 94.00

0480-9822 12.00 0776-9704 12.50 0874·9463 6.25 0874-9596 16.00 0874-9711 9.00 0874·9751 15.00 0874-9913 99.00

0480-9836 8.00 0777-9703 8.00 0874-9465 6.00 0874·9597 20.00 0874-9716 12.75 0874-9752 10.25 0874-9921 200.00

0480-9837 11.00 0777-9704 4.25 0874-9467 6.00 0874·9604 15.00 0874-9717 15.25 0874-9754 18.00 0874-9923 19.00

0480-9838 11.50 0874-9099 375.00 0874-9469 8.00 0874-9605 18.00 0874-9718 8.00 0874-9755 18.00 0874-9924 43.00
0480-9842 12.00 0874·9400 3.00 0874-9479 7.00 0874-9608 18.00 0874-9719 9.50 0874-9756 250.00 0874-9931 122.00
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Cat. No. Price Cat. No. Priel Cat. No. Price Cat. No. Price Cot. No. Price Cat. No. Price Cot. No. Price
0874-9940 $42.00 0900-9979 $32.00 1161·9503 $3.770.00 1169-9502 $190.00 1264-9703 $555.00 1403-9707 $105.00 1440-9611 $55.00
0874-9941 45.00 0900-9981 20.00 1161-9504 4.000.00 1169-9503 60.00 1265-9801 1.580.00 1403-9711 90.00 1440-9621 55.00
0874-9942 48.00 0900-9985 99.00 1161-9505 4.230.00 1169-9504 420.00 1265-9802 l.5llO.00 1403-9714 105.00 1440-9631 55.00
0874-9943 51.00 0907-9885 90.00 1161-9506 4,460.00 1169-9512 470.00 1265-9803 1.580.00 1403-9718 115.00 1440-9641 55.00
0874-9944 55.00

0908-9601 50.00
1161-9507 4.690.00 1169-9514 640.00 126!>-9804 l.5llO.00 1403-9722 105.00 1440-9651 55.00

0938-9503 25
0874-9945 58.00 0938-9706 10 1161-9523 4.070.00 1169-9524 860.00 1265-9811 1.580.00 1404-9701 320.00 1440-9661 55.00
0874-9947 89.00 0938-9707 1.00 1161·9524 4.300.00 1169-9534 1.080.00 1265-9812 1.580.00 1404-9702 320.00 1440-9671 55.00
0874-9954 34.00 0938-9708 1.00 1161-9525 4.530.00 1169-9544 1.300.00 126!>-9813 1.580.00 1404-9703 320.00 1440-9681 55.00
0874-9955 35.50 0938-9710 .55 1161-9526 4.760.00 1169-9554 410.00 1265-9814 1.580.00 1405-9700 75.00 1442-9703 95.00
0874-9956 55.00 0938-9711 1.00 1161·9527 4,990.00 1169-9564 820.00 1267-9702 255.00 1405·9703 100.00 1442-9706 85.00

0874-9958 80.00 0938-9712 .10 1161·9593 3.980.00 1169-9600 240.00 1269-9701 130.00 1406-9701 170.00 1442-9707 85.00
0874-9970 9.75 0938·9727 .75 1161-9594 4.180.00 1191-9710 1,495.00 1269-9711 130.00 1406-9704 160.00 1442-9709 85.00
0874-9971 11.25 0938-9728 .75 1161·9595 4.380.00 1191-9711 1.495.00 1269-9712 130.00 1407-9700 135.00 1442-9710 85.00
0874-9972 9.75 0938-9731 .65 1161·9596 4.580.00 1191-9712 1.595.00 1304-9601 66.00 1407-9703 135.00 1442·9712 65.00
0874-9980 8.75 0938-9733 .65 1161-9597 4.780.00 1191-9713 1,595.00 1304-9802 1,400.00 1407-9706 155.00 1444-9700 610.00

0874-9981 10.25 0938-9734 .65 1162-9413 3.680.00 1191-9714 1.795.00 1304-9803 1.400.00 1408-9700 1.785.00 1444-9701 610.00
0874·9982 8.75 0938-9743 .75 1162-9414 3.680.00 1191-9715 1.795.00 1304-9812 1,400.00 1408-9701 1,325.00 1450-9891 585.00
0874-9990 21.00 0938-9818 .10 1162·9415 4.080.00 1191-9716 1.895.00 1304-9813 1.400.00 1408-9702 2.650.00 1450-9893 740.00
0874-9996 38.00 0938-9822 .10 1162·9416 4,280.00 1191-9717 1,895.00 1308-9801 1.750.00 1408-9703 1,785.00 1450-9894 565.00
0874-9997 3.00 0938·9830 .15 1162-9417 4.480.00 1191-9904 2.790.00 1308·9802 1.750.00 1408-9704 1.325.00 1450-9895 740.00

0874-9998 31.00 0938-9834 1.:D 1162-9503 3.770.00 1192-9905 2.790.00 1308-9811 1.750.00 1408-9705 2.650.00 1452-9700 775.00
0880-9500 675.00 0938-9842 1.20 1162-9504 4.000.00 1192- See front pages 1308-9812 1.750.00 1408-9706 2.650.00 1452-9701 800.00
0890-9405 26.00 0938-9845 120 1162-9505 4.230.00 of Price List 1309-9701 405.00 1409-9706 75.00 1452-9702 700.00
0900·9402 8.00 0938-9852 1.20 1162-9506 4,460.00 1201-9703 140.00 1310-9702 330.00 1409-9712 75.00 1455-9700 320.00
0900·9404 12.00 0938-9855 1.20 1162-9507 4.690.00 1201-9824 140.00 1310·9703 330.00 1409-9720 95.00 1455-9701 330.00

0900-9405 42.00 0938-9872 .90 1162-9523 4.070.00 1203-9702 97.00 1310-9704 330.00 1409-9725 300.00 1455-9702 320.00
0900·9406 9.50 0938-9873 .15 1162-9524 4.300.00 1203-9818 97.00 1311-9701 330.00 1412-9410 325.00 1455-9703 330.00
0900-9407 95.00 0938·9877 .70 1162-9525 4.530.00 1211-9433 1,225.00 1311-9702 330.00 1413-9700 1.090.00 1455-9704 320.00
0900-9421 69.00 0938-9878 .70 1162-9526 4.760.00 1211-9437 805.00 1316-9700 970.00 1413-9701 1.110.00 1455-9705 330.00
0900-9431 82.00 0938-9882 .90 1162-9527 4,990.00 1211-9439 680.00 1316-9701 940.00 1419-9701 320.00 1455-9706 385.00

0900-9450 52.00 0940-9705 220.00 1162·9593 3.980.00 1211-9443 1.225.00 1330-9701 1,225.00 1419-9702 400.00 1455-9707 395.00
0900·9451 1.665.00 0940-9706 165.00 1162-9594 4.180.00 1211-9449 680.00 1340·9700 495.00 1419-9711 570.00 1455-9708 385.00
0900-9452 1.080.00 0940·9707 220.00 1162·9595 4.380.00 1211·9459 680.00 1340-9701 525.00 1422-9508 700.00 1455-9709 395.00
0900·9498 16.00 0940-9708 245.00 1162-9596 4.580.00 1211-9573 1,270.00 1346-9700 340.00 1422-9704 675.00 1482-9702 255.00
0900-9499 30.00 0940·9810 245.00 1162·9597 4.780.00 1211-9577 850.00 1346-9701 375.00 1422-9823 600.00 1482-9705 220.00

0900-9500 32.00 0971-9702 11.00 1163-9413 3.980.00 1211-9579 725.00 1361-9413 1.170.00 1422-9854 690.00 1482-9708 195.00
0900-9507 26.00 0971-9703 11.00 1163-9414 4.180.00 1211-9583 1,270.00 1361-9414 1.050.00 1422-9855 690.00 1482-9712 205.00
0900-9509 51.00 0971-9704 11.00 1163-9415 4.380.00 1211-9589 725.00 1361-9417 750.00 1422-9902 770.00 1482-9716 255.00
0900-9527 255.00 0971-9705 11.00 1163-9416 4.580.00 1211-9599 725.00 1361-9419 625.00 1422-9904 820.00 1482-9720 495.00
0900-9570 307.00 0971-9706 11.00 1163-9417 4.780.00

1211-9703 550.00 1361-9423 1.170.00 1422-9913 830.00 1491-9704 950.00
1215-9433 1.045.00

0900-9600 118.00 0971-9707 11.00 1163-9479 600.00 1215-9434 955.00 1361-9424 1.050.00 1422-9916 665.00 1491-9707 1.170.00
0900-9601 124.00 0971-9708 11.00 1163-9503 4.070.00 1215-9437 630.00 1361-9429 625.00 1422-9925 745.00 1491-9714 975.00
0900-9602 124.00 0971-9710 11.00 1163-9504 4.300.00 1215-9439 500.00 1361-9439 625.00 1422-9933 600.00 1491-9717 1.195.00
0900-9603 113.00 0971-9711 11.00 1163-9505 4.530.00 1215-9443 1.045.00 1361-9503 1,215.00 1422-9955 830.00 1521-9427 3.75
0900·9604 131.00 0971·9712 11.00 1163-9506 4.760.00 1215-9444 955.00 1361-9504 1.095.00 1423-9801 1.025.00 1521-9428 3.75

0900-9605 154.00 0971-9713 11.00 1163-9507 4,990.00 1215-9449 500.00 1361-9507 795.00 1423-9811 1.025.00 1521-9439 27.50
0900-9606 149.00 0971-9714 11.00 1163-9523 4.370.00 1215-9459 500.00 1361-9509 670.00 1424-9701 530.00 1521-9446 19.25
0900-9607 161.00 0971-9716 11.00 1163-9524 4.600.00 1215-9573 1.090.00 1361-9513 1,215.00 1433-9700 165.00 1521-9447 19.25
0900-9608 131.00 0973-9703 11.50 1163-9525 4.830.00 1215-9574 1.000.00 1361-9514 1.095.00 1433-9701 175.00 1521-9448 19.25
0900-9610 9.75 0973-9704 11.50 1163-9526 5.060.00 1215-9577 670.00 1361-9519 670.00 1433-9702 170.00 1521-9449 19.25

0900-9612 185.00 0973-9705 11.50 1163-9527 5.290.00 1215-9579 545.00 1361·9529 670_00 1433-9703 180.00 1521-9460 3.75
0900-9613 179.00 0973-9706 11.50 1163-9593 4,280.00 1215-9583 1.090.00 1361·9701 495.00 1433-9704 170.00 1521-9463 3.75
0900-9635 340.00 0973-9707 11.50 1163-9594 4,480.00 1215-9584 1.000.00 1362-9413 1,240.00 1433-9705 180.00 1521-9464 3.75
0900-9651 1.395.00 0973-9708 11.50 1163·9595 4.680.00 1215·9589 545.00 1362-9414 1.120.00 1433-9706 165.00 1521-9465 3.75
0900-9654 225.00 0973·9710 11.50 1163-9596 4.880.00 1215-9599 545.00 1362-9417 820.00 1433·9707 175.00 1521-9467 97.00

0900-9701 98.00 0973-9711 11.50 1163-9597 5.080.00 1215-9703 370.00 1362·9419 695.00 1433-9708 185.00 1521-9469 3.75
0900-9703 105.00 0973·9712 11.50 1184·9413 5.885.00 1217·9602 41.00 1362-9423 1.240.00 1433-9709 195.00 1521-9470 3.75
0900-9711 93.00 0973·9713 11.50 1184-9414 6.085.00 1217·9703 355.00 1362-9424 1.120.00 1433·9710 195.00 1521-9475 3.75
0900-9713 105.00 0973-9714 11.50 1184-9415 6,285.00 1218-9724 1.045.00 1362-9429 695.00 1433-9711 205.00 1521-9493 3.75
0900-9717 105.00 0973-9716 11.50 1184-9416 6.485.00 1218·9901 1.670.00 1362-9439 695.00 1433-9712 195.00 1521-9506 1.605.00

0900-9723 105.00 0973·9717 11.50 11~9417 6,685.00 1218-9902 1.720.00 1362·9503 1.285.00 1433·9713 205.00 1521-9507 1.605.00
0900·9730 40.00 0975·9710 13.50 1164-9479 575.00 1218-9903 1.560.00 1362-9504 1.165.00 1433-9714 195.00 1521-9513 92.00
0900-9731 60.00 0975-9711 13.50 1164-9489 600.00 1218-9904 1.610.00 1362-9507 865.00 1433-9715 205.00 1521-9514 92.00
0900-9732 150.00 0975-9712 13.50 1164-9503 5.975.00 1218-9905 1,285.00 1362-9509 740.00 1433-9716 215.00 1521-9601 88.00
0900-9733 80.00 0975·9713 13.50 11~9504 6.205.00 1218-9906 1.325.00 1362-9513 1.285.00 1433·9717 225.00 1521-9602 110.00

0900-9734 90.00 0975·9714 13.50 1164-9505 6,435.00 1218·9911 1.670.00 1362-9514 1.165.00 1433-9718 300.00 1521-9603 180.00
0900-9735 90.00 0975·9716 13.50 1164-9506 6.665.00 1218-9912 1.720.00 1362-9519 740.00 1433-9719 310.00 1521-9604 82.00
0900-9736 90.00 0975-9717 14.50 1164-9507 6,895.00 1218·9913 1.560.00 1362·9529 740.00 1433-9720 225.00 1521-9615 38.00
0900-9737 90.00 0975-9718 14.50 1164-9523 6,275.00 1218·9914 1.610.00 1362-9701 585.00 1433-9721 235.00 1521-9616 25.50
0900·9738 65.00 1000-9604 44.00 1164-9524 6.505.00 1232-9602 110.00 1363-9414 1.120.00 1433-9722 225.00 1521-9619 92.00

0900-9739 65.00 1000-9605 66.00 1164-9525 6,735.00 1232·9701 495.00 1363-9417 820.00 1433-9723 235.00 1521-9623 92.00
0900-9782 16.00 1000-9610 132.00 1164-9526 6.965.00 1232-9829 610.00 1363-9419 695.00 1433-9724 255.00 1521-9624 92.00
0900-9791 140.00 1001-9701 1.550.00 1164-9527 7.195.00 1234-9701 700.00 1363-9424 1.120.00 1433-9725 265.00 1521-9802 1.605.00
0900-9793 150.00 1003-9701 3.250.00 1164-9593 6.185.00 1236-9701 925.00 1363·9429 695.00 1433-9726 335.00 1521-9812 1.605.00
0900-9801 105.00 1003-9702 3.650.00 1164·9594 6.385.00 1237-9700 230.00 1363-9439 695.00 1433-9728 345.00 1521-9817 1.605.00

0900-9803 105.00 1003-9703 3.500.00 1164-9595 6.585.00 1238-9700 1.325.00 1363-9504 1.165.00 1433-9729 260.00 1521-9818 1.605.00
090Q-9811 86.00 1003-9705 3.900.00 1164-9596 6.785.00 1238-9701 1,285.00 1363·9507 865.00 1433-9730 270.00 1521-9833 1.605.00
0900-9813 105.00 1026-9701 6.000.00 1164-9597 6.985.00 1238·9703 1.325.00 1363·9509 740.00 1433-9731 285.00 1521·9834 1.605.00
0900·9817 105.00 1061-9701 4.700.00 1165-9710 4.960.00 1238·9704 1,285.00 1363·9514 1.165.00 1433-9732 295_00 1521-9921 92.00
0900-9823 105.00 1061-9702 4.700.00 1165-9711 4.960.00 1240·9701 835.00 1363-9519 740.00 1433-9733 375.00 1522-9601 275.00

0900-9850 230.00 1065-9720 8.950.00 1165-9712 4,425.00 1240-9711 835.00 1363-9529 740.00 1433-9734 390.00 1522-9602 485.00
0900-9851 230.00 1065-9721 8.950.00 1165-9713 4,425.00 1240·9829 945.00 1363-9701 585.00 1434-9576 165.00 1522-9611 61.00
0900-9874 69.00 1157-9700 995.00 1165-9720 5.060.00 1240-9839 945.00 1381-9700 425.00 1434-9702 210.00 1522-9612 10.25
0900-9883 81.00 1157-9701 995.00 1165-9721 5.060.00 1241·9700 1.685.00 1381-9701 450.00 1434-9707 255.00 1522-9613 87.00
0900-9902 154.00 1158-9600 30.00 1165·9722 4.525.00 1241-9701 1.720.00 1382-9700 440.00 1434-9713 160.00 1522-9614 6.00

0900·9904 75.00 1160-9432 585.00 1165·9723 4.525.00 1241-9702 1.685.00 1382-9701 465.00 1434-9714 160.00 1522-9615 6.00
0900-9953 80.00 1160-9480 505.00 1168·9700 5.500.00 1241·9703 1,720.00 1383·9700 910.00 1434-9716 175.00 1522-9616 6.00
0900-9957 100.00 1160-9485 455.00 1168·9701 5.500.00 1241·9704 2.160.00 1383·9701 925.00 1434-9724 185.00 1522-9634 6.00
0900·9959 100.00 1160-9500 50.00 1169-9702 4.965.00 1241-9705 2,225.00 1390·9602 55.00 1435-9700 795.00 1522-9635 6.00
0900·9961 85.00 1160-9650 15.00 1168-9703 4.965.00 1262-9703 245.00 1390-9702 405.00 1435-9701 795.00 1522-9636 6.00

0900-9963 85.00 1161·9413 3,680.00 1168·9720 5.600.00 1262·9704 245.00 1390·9703 405.00 1436-9700 215.00 1522-9639 6.00
0900·9965 85.00 1161-9414 3.880.00 1168·9721 5.600.00 1263-9703 675.00 1396-9702 660.00 1436-9701 250.00 1522-9640 5.00
0900-9971 20.00 1161·9415 4.080.00 1168-9722 5.065.00 1263·9713 675.00 1396·9703 685.00 1436-9702 235.00 1522-9644 5.00
0900·9975 88.00 1161·9416 4.280.00 1168-9723 5.065.00 1264·9601 33.00 1403·9701 130.00 1436-9703 270.00 1522-9645 5.00
0900·9977 32.00 1161-9417 4,480.00 1169-9501 360.00 1264-9702 555.00 1403·9704 115.00 1440-9601 55.00 1522-9646 5.00
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Cat. No. Price Cat. Nc Price Cat. No. Price Cat. No. Price CaL No. Price Cat. No. Price Cat. No. Price

1522-9647 $ 5.00 1560-9581 $ 15.50 1617-9216 $1.425.00 1684-9707$1.325.00 1921·9708 $10.D10.00 2995-9349 $4.950.00 3150-5241 $ 795.00
1522-9648 5.00 1560-9590 64.00 1617-9266 1.425.00 169Q.9701 800.00 1921-9709 10,010.00 301Q.5110 18.50 3150-5260 1,070.00
1522-9650 5.00 1560-9605 107.00 1617-9276 1.425.00 1703-9102 15.75 1921-9710 10,100.00 301Q.5111 29.25 3150·5261 1.175.00
1522-9651 5.00 1560-9606 127.00 1617·9286 1,425.00 1703-9665 6.00 1921-9711 10,100.00 301Q.512O 45.75 3150-5876 2,150.00
1522·9652 5.00 1560-9609 40.00 1617·9296 1.425.00 1703-9666 6.00 1921-9712 10.200.00 301Q.5121 66.75 3150-5886 2.750.00

1522-9654 5.00 1560-9613 385.00 1617·9701 1.425,00 1703-9667 6.00 1921-9713 10200.00 301Q.513O 65.00 316Q.5110 159.00
1522·9655 5.00 1560-9614 265.00 1617-9820 1.425.00 1703-9700 1.495.00 1921-9714 9.955.00 301Q.5131 86.50 316Q.5111 194.00
1522-9656 5.00 156Q.9634 66.00 1620-9701 2,875.00 1710 See front pages 1921-9715 9.955.00 3030-5012 123.50 316Q.512O 341.00
1522·9657 5.00 1560-9635 10.25 1620·9702 2,875.00 of Price list 1921-9716 1.345.00 3030-5013 152.00 316Q.5121 400.00
1522·9656 5.00 156Q.9640 143.00 1620·9829 2.970.00 171Q.9601 115.00 1921-9717 1.395.00 303Q.5014 194.00 316Q.513O 505.00

1522-9670 35.50 1560·9642 175.00 1620·9830 2,970.00 171Q.9602 595.00 1923 See front pages 303Q.5015 76.00 316Q.5131 565.00
1522-9680 5.00 1560-9652 97.00 1621-9701 6,015.00 171Q.9603 595.00 of Price list 3030-5110 22.50 316Q.5240 :710.00
1522-9700 2,150.00 1560-9653 295.00 1621-9702 5.915.00 171Q.9604 115.00 1925-9670 1525 3030-5111 33.25 316Q.5241 795.00
1522-9701 2,115.00 1560·9654 168.00 1621·9703 6,015.00 171Q.9611 750.00 1925-9700 3.925.00 303Q.5118 41.00 316Q.5260 1,070.00
1523-9601 400.00 1560-9680 153.00 1621-9704 5.915.00 171Q.9614 310.00 1925-9701 3.925.00 303Q.5119 41.00 316Q.5261 1,175.00

1523-9602 1,800.00 1560-9661 153,00 1630-9827 5.160.00 171Q.9615 310.00 1925-9702 4.010.00 3030-5120 53.50 3160-5876 2.150.001560-9665 15.75
1523-9603 2200.00 1560-9666 18.50 1630·9837 5,160.00 171Q.9650 125.00 1925-9703 4,010.00 303Q.5121 75.00 316Q.5886 2.750.00
1523-9605 2200.00 1560-9667 31.00 1630·9847 5.160.00 171Q.9675 125.00 1925=9704 4,110.00 303Q.513O 77.00 3200-5110 13.30
1523-9620 150.00 1560-9669 37.00 1630-9857 5,160.00 1713-9600 2,800.00 1925-9705 4.110.00 3030-5131 98.50 3200-5900 1.30
1523-9621 150.00 1560·9673 25.50 1632-9801 1,735.00 1713-9601 2,750.00 1925-9706 3.870.00 3038-5015 81.50 3200-5901 1.45

1523-9622 125.00 1560-9676 5.00 1632-9811 1,735.00 1730 See front pages 1925-9707 3,870.00 3038·5110 24.75 3200·5906 13.25
1523-9623 125.00 1560-9677 10.00 1633-9601 230.00 of Price List 1925-9708 2,365.00 3038-5119 47.50 3200-5907 10.00
1523-9624 200.00 1560-9678 10.00 1633-9801 1,730,00 173Q.94oo 50.00 1925-9709 2,365.00 3038-5120 56.50 3200-5908 4.00
1523-9630 125.00 1560-9679 10.00 1633·9802 1,730.00 173Q.9598 50.00 1925-9710 2,480.00 3OJ8.513O 82.50 32OQ.591 0 2.15
1523-9640 5.00 1560-9680 10.00 1633·9811 1.730.00 173Q.9599 25.00 1925-9711 2.480.00 304Q.511 0 25.75 32OQ.5911 2.05

1523-9641 5.00 156Q.9681 56.00 1633-9812 1,730.00 173Q.9600 25.00 1925-9712 3.535.00 304Q.5111 36.50 3200·5912 3.75
1523-9642 5.00 156Q.9682 56.00 1641-9601 1.950.00 1762·9610 410.00 1925-9713 3,535.00 304Q.5118 43.75 3200-5913 6M
1523-9644 5.00 1560·9683 56.00 1641·9602 1,162.00 177Q. 1925-9714 3,620.00 304Q.5120 60.00 3200·5914 5.45
1523-9645 5.00 1560·9695 6.00 1641·9603 2,025.00 1781·9801 1,860.00 1925-9715 3,620.00 304Q.5121 81.50 3200·5923 2.25
1523-9646 5.00 1560·9696 31.00 1641·9604 675.00 1781-9811 1.860.00 1925·9716 3,735.00 304Q.513O 86.50 3230·5000 11.50"

1523·9647 5.00 1560·9921 87.00 1641-9605 535.00 1782-9700 610.00 1925·9717 3,735.00 304Q.5131 108.00 3230·5001 11.50"
1523·9648 5.00 156Q.9922 185.00 1641-9606 348.00 1782-9701 630.00 1925-9718 3.480.00 305Q.5110 22.50 3230·5002 11.50'
1523-9649 5.00 1560-9977 41.00 1641·9701 4.575.00 1782·9702 690.00 1925-9719 3.480.00 305Q.5111 33.50 3410-5110 21.50
1523-9650 5.00 156Q.9982 41.00 1641·9702 3.412.00 1782·9703 710.00 1925-9720 2235.00 305Q.5119 41.75 3410·5120 51.50
1523-9700 2.000.00 1562·9601 7.00 1641-9703 2,625.00 1783-9801 2,755.00 1925-9721 2.235.00 305Q.512O 53.50 3410-5130 73.00

1523-9701 2.000.00 1562·9603 20.00 1641·9704 7.275.00 1783-9811 2,755.00 1925-9722 2,335.00 305Q.5121 75.00 3430-5110 26.00
1530-9400 5.50 1562-9701 270.00 1641-9705 6.112.00 1785-9701 1,250.00 1925-9723 2.335.00 305Q.513O 77.00 343Q.512O 60.25
15J().941 0 15.00 1562-9900 740_00 1641-9706 5,325.00 1785-9702 1,300.00 1926-9701 6,625.00 305Q.5131 98.50 343Q.513O 86.75
1531·9430 372.00 1562-9901 740.00 1641·9707 3.813.00 1785-1000 50.00 1926-9703 7,125.00 3058-5110 24.75 346Q.5110 46.00
1531-9440 372.00 1563-9701 250.00 1641·9711 4,539.00 1785-1010 50.00 1933-9601 25.00 3058-5120 56.50 346Q.512O 101.00

1531-9601 18.00 1563-9903 420.00 1641-9712 3,375.00 1785-1020 50.00 1933-9602 12.00 3058-5130 82.50 3460·5130 148.00
1531-9602 245.00 1564·9701 1,680.00 1641-9713 2,587.00 1785-0425 10.00 1933-9603 75.00 306Q.5012 145.75 3490-5110 6825
1531·9603 36.00 1564-9702 1,680.00 1641-9714 7237.00 1785-0427 15.00 1933·9604 125.00 306Q.5013 180.50 3490·5120 145.75
1531-9604 26.00 1564·9771 700.00 1641-9715 6.075.00 1785-9601 250.00 1933-9700 1.525.00 306Q.5110 40.75 3490-5130 215.00
1531-9605 245.00 1564-9772 700.00 1641-9716 5287.00 1785-9602 300.00 1933-9701 1,350.00 306Q.5111 59.00 4200-9622 2.75

1536-9701 102.00 1564-9820 1,700.00 1641-9717 3,776.00 1933-9702 1,525.00 3060-5118 73.00 42OQ.9625 2.75
1536-9706 45.00 1564-9821 1.700.00 1641-9901 6,011.00 1785-0428 15.00 1933-9703 1,350.00 306Q.5119 73.00 4200·9635 2.75
1537-9701 92.00 1565·9601 15.00 1641-9902 4.848.00 1790 See front pages 1933-9710 1.985.00 306Q.512O 90.00 4205·1010 66.00
1538-9601 18.00 1565-9702 370.00 1641·9903 4001.00 of Price list 1933-9711 1.965.00 306Q.5121 125.50 4215-2700
1538-9602 77.00 1565·9902 660.00 1641-9911 5.973.00 1790-9601 133.00 1933-9712 306Q.513O 131.50 4215-2701

1538·9603 340.00 1565-9903 540.00 1641-9912 4.811.00 1790-9602 200.00 1933-9713 306Q.5131 167.25 5301·7560 2.75
1538·9604 107.00 1566-9500 55.00 1641-9913 4,023.00 1790-9603 138.00 1933-9714 1.845.00 307Q.511 0 41.75 5301·7561 2.75
1538·9701 575.00 1566-9700 2.700.00 1644-9701 945.00 179Q.9604 200.00 1933-9715 1.845.00 307Q.5111 60.00 5301·7562 2.75
1538·9702 575.00 1566-9701 2,650.00 1644-971 I 945.00 179Q.9605 610.00 307Q.5118 74.00 5301·7563 13.00
1539-9701 250.00 1568-9701 1,750.00 1644-9820 955.00 1790-9606 840.00 307Q.5119 74.00 5301·7568 2.75

1539·9900 595.00 1568-9702 1,750.00 1644·9821 955.00 1790·9607 1,020.00 1934-9600 75.00 307Q.5120 92.50 5301-7569 2.75
1539·9901 595.00 1568-9820 1,770.00 1650·9601 46.00 1790-9608 1,375.00 1934-9601 10.00 307Q.5121 127.50 5301-<1111 7.50
154Q.9600 785.00 1568-9821 1,770,00 1650-9702 555.00 1792 See front pages 1934-9602 30.00 307Q.513O 134.75 5301-8112 1.00
154Q.9601 215.00 1569·9700 695.00 1650-9703 590.00 of Price List 1934-9700 770.00 3070·5131 170.50 53OHl113 2.00
1540·9602 265.00 1569·9701 695.00 1654-9600 25.50 1934-9701 895.00 309Q.5012 169.25 5301-8114 2.00
1540-9603 77.00 1571·9551 910,00 1654-9700 1.400.00 1793 See front pages 1935-9601 10.00 3090·5110 60.00 8410-0200 .25
1540-9604 270.00 1571·9556 910.00 1654-9701 1,350.00 of Price list 1935-9603 309Q.5111 78.50 8410-0300 .20
1540-9605 40.00 1571-9831 860.00 1654-9702 2,600.00 1822-9700 3,125.00 1935-9700 3090·5119 115.25 8410-0410 32.60
1541·9601 7.75 1571·9898 860.00 1654-9703 3,225.00 1822-9701 3,125.00 1938-9700 I,045.oot 309Q.512O 131.50 8410-1040 15.55
1541-9701 685.00 1654-9704 3,300.00 1840-9701 435.00 1939·9700 l.450.oot 309Q.5121 167.25 8410-1050 1.30
1542-9701 99.00 1582 See fron t pages 1654-9705 2,060.00 1863-9700 435.00 1939·9701 1,735.oo t 309Q.513O 194.75 8410-1372 2.00
1543-9700 195.00 of Price list 1654·9706 2,135.00 1863-9701 435.00 1939-9702 1.490_00 t 309Q.5131 231.50 841Q.1380 1.55
1544-9700 265.00 1583 See front pages 1656-9701 770.00 1864-9700 535.00 1939-9703 1.775.oot 3100-5012 171.25 8410·1500 .80
1551·9602 35.50 of Price list 1656-9702 810.00 1864-9701 535.00 1939-9704 l,570.00t 31OQ.511 0 62.25 841Q.3000 1.25
1551-9703 675.00 1591·9700 400.00 1900·9601 50.00 1939-9705 1,855.00' 31OQ.5111 80.50 8410-3200 1.15
1553-9550 1,320.00 1591·9712 440.00 1660-9701 2,600.00 190Q.9603 92.00 1939-9706 1,610.oot 31OQ.5119 118.25 8410-9499 4.50
1553-9551 1,320.00 1592-9700 580.00 1660-9711 2,600.00 1900-9801 3,160.00 1939-9707 l,895.oot 31OQ.512O 135.50 8410-9590 3.55
1553-9701 1,110.00 1592-9701 580.00 1662-9601 112.00 1900-9802 3,160.00 194Q.95OO 24.00 31OQ.5121 171.25 8410-9591 1.50
1553-9710 1,305.00 1592-9702 580.00 1662·9700 1,225.00 1900-9811 3,160.00 194Q.9701 285.00 31OQ.513O 201.00 8410-9799 4.70

1553-9711 1.305.00 1592-9703 580.00 1662·9701 1,190.00 1900-9812 3,160.00 1944-9700 895.00 31OQ.5131 237.50
1556-9702 395.00 1592-9704 580.00 1666-9700 950.00 1910-9493 5,350.00 1944-9701 350.00 312Q.5110 103.00
1557-9701 400.00 1602-9702 625.00 168Q.9601 125.00 1910-9494 5,350.00 1944-9702 495.00 312Q.5111 126.50
1557-9702 400.00 1606·9602 132.00 1682 See front pages 191Q.9701 5,350.00 1952-9801 1,095.00 312Q.512O 226.50
1558-9848 1,070.00 1606-9702 1,320.00 of Price list 1910-9711 5,350.00 1952-9811 1,095.00 3120-5121 274.50
1558-9849 1,070.00 1607·9640 63.00 1682-9601 165.00 1911-9493 3.BOO.00 1961-9601 175.00 312Q.513O 334.50
1558-9890 1,070.00 1607·9641 240.00 1682-9602 165.00 1911-9494 3.BOO.00 1961-9602 175.00

312Q.5131 381.50
1558·9891 1,070.00 1607·9642 240.00 1682·9603 137.50 1911-9701 3.BOO.00 1962-3200 25.00

1962·9601 175.00 313Q.5110 103.00
1560·9521 25.00 1607-9643 240.00 1683 See front pages 1911-9711 3.BOO.00 1962-9602 175.00 313Q.5111 126.50
1560-9522 25.00 1607-9644 240.00 of Price List 1913-9700 3.955.00 1963-9602 175.00 313Q.5120 226.50
1560-9532 462.00 1608-9801 1,710.00 1683-9601 245.00 1913-9701 3.955.00 1972·9600 313Q.5121 274.50
1560·9533 462.00 1608-9802 1,710.00 1684-4740 50.00 1913-9702 3.955.00 1972·9601 125.00 313Q.513O 334.50
156Q.9534 540.00 1608-9811 1,710.00 1684-9600 60.00 1913-9703 3.955.00 2200 See front pages 313Q.5131 381.50
1560-9535 540.00 1608-9812 1,710.00 1684-9630 25.00 1921·9700 10.400.00 of Price List 3150-5016 21.00
1560-9536 605.00 1615-9601 71.00 1684-9700 1,050.00 1921-9701 10.400.00 2230 See front pages 315Q.5110 159.00
1560-9542 43_00 1615-9602 82.00 1684-9701 1,195.00 1921-9702 10.495.00 of Price list 315Q.5111 194.00 • List price F.0. B., Paris,
1560·9561 28.50 1615-9801 1,935.00 1684-9702 1,150.00 1921-9703 10.495.00 2250 IMIS 80l See front 3150-5120 341.00 France.
1560·9570 97.00 1615-9811 1,935.00 1684-9703 1,295.00 1921·9704 10.610.00 pages of Price list 3150·5121 400.00 • ·Prices on request1560·9575 230.00 1616-9700 3,725.00 1684-9704 1.080.00 1921·9705 10.610.00 2260 See front pages 315Q.513O 505.00
1560-9576 230_00 1616-9701 3,695.00 1684-9705 1.225.00 1921-9706 10.350.00 of Price List 315Q.5131 565.00 t List price F.0. B. Bronx,
1560·9580 59.00 1617-9206 1.425.00 1684-9706 1.180.00 1921·9707 10,350.00 2995-9158 815.00 315Q.5240 710.00 N. Y.
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