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GENERAL RADIO COMPANY

MAIN OFFICE AND PLANT: WEST CONCORD, MASSACHUSETTS

TELEPHONE: (CONCORD) 617 369-4400

(FROM BOSTON AREA) 646-7400

General Radio Sales Engineering Offices are maintained in the following areas in the United States

TWX NO. 617 369-5708

SALES ENGINEERING OFFICES

CABLE ADDRESS: GENRADCO CONCORD (MASS.)

and Canada. These offices are staffed by competent factory-trained engineers. We invite your

inquiries for technical, commercial, and service information.

OFFICE SALES AREA TELEPHONE AND TWX STAFF
*NEW ENGLAND Mass., R, Conn,, 617 369-4400 Robert B. Richmond, Manager
22 Baker Avenue Me., N.H., Vt. (Boston area) 646-7400 Ralph K. Peterson, Engineer

West Concord, Massachusetts

TWX:

617 369-5708

Stuart P. Roberts, Engineer
Richard G. Rogers, Engineer
Howard H. Dawes, Service Manager

*METROPOLITAN NEW YORK N.Y. City and vic., (N.Y.) 212 964-2722 George G. Ross, Manager !
Broad Avenue at Linden Long Island, (N.J) 201 943-3140 Peter Bishop, Engineer |
Ridgefield, New Jersey No. N.J. TWX: 201 943-8249 J. Peter Eadie, Engineer “

Richard K. Eskeland, Engineer
Raymond J. Jones, Service Supervisor
SYRACUSE Upstate N.Y. 315 454-9323 Leo J. Chamberlain, Manager
Pickard Building TWX: 315 477-1265 Crawford E. Law, Engineer
East Molloy Road
Syracuse 11, New York
PHILADELPHIA Penn., So. N.J,, (Phil) 215 424-7419 John E. Snook, Manager
1150 York Road Del. “(local) 215 887-8486 Carl W. Alsen, Engineer
Abington, Pennsylvania TWX: 215 887-0147

*WASHINGTON and BALTIMORE D.C, Md,, Va,, 301 946-1600 C. William Harrison, Manager
Rockville Pike at Wall Lane WJNVa, NC,S.C, | TWX: 301 949-6787 James L. Lanphear, Engineer
Rockville, Maryland Tenn., Ga., Ala. Gerald L. Lett, Engineer

Donald W. Brown, Service Supervisor
ORLANDO Florida 305 425-4671 John C. Held, Manager
113 East Colonial Drive TWX: 305 275-1668
Orlando, Florida

*CHICAGO ., Ind., lowa, 312 848-9400 William M. Ihde, Manager
6605 West North Avenue Kan., Ky., Mich., TWX: 312 383-3091 Leroy C. (Tom) Fricke, Engineer
Qak Park, lllinois Minn., Mo., Ohio, Robert P. Delzell, Engineer

Wis. Lane W. Gorton, Engineer
George R. Hanson, Service Supervisor
DALLAS Texas, La., Okla,, 214 Fleetwood 7-4031 Edward F. Sutherland, Manager
2501-A West Mockingbird Lane Ark., Miss., Colo. TWX: 214 899-9065
Dallas 35, Texas

*#LOS ANGELES So. Calif., Ariz,, 213 469-6201 Frank J. Thoma, Manager L
1000 North Seward Street N. Mex. TWX: 213 876-4083 Kenneth J. Castle, Engineer
Los Angeles 38, California John R. Ross, Engineer

Harold Stevens, Engineer
) Alfred J. Guay, Service Supervisor
SAN FRANCISCO No. Calif,, Ore., 415 948-8233 James G. Hussey, Manager
1186 Los Altos Avenue Wash,, Utah, Nev., | TWX: 415 949-7964 Donald M. Vogelaar, Engineer
Los Altos, California Idaho

*TORONTO Canada 416 247-2171 Arthur Kingsnorth, Manager -~ E
99 Floral Parkway Richard J. Provan, Engineer -7
Toronto 15, Ontario, Canada Ronald F. Mossman, Engineer

Walter Ofeﬁ!lnger, Service Supervisor
* SERVICE, INCLUDING REPAIRS, CALIBRATION, AND SPARE PARTS STOCK, AVAILABLE AT THESE OF I‘(.:\E‘g'.y |
Ol

OVERSEAS REPRESENTATIVES

For a list of representatives in other countries, see inside back cover.
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CORRECTIONS AND CHANGES

Prices and specifications in this catalog are subject to change without notice.
We aim, however, to keep our customers informed of all important ¢hanges. The
following changes have been noted since publication. Please enter these in vour copy

of Catalog R.

Inside Front Clover: SALES ENGINEERING OFFICES — Sinee publication we have added two more Sales [ingi-
neering Offices:

OFFICE SALES AREA
CLEVELAND | Ohio
5579 Pearl Road Kentucky
Cleveland, Ohio, 44129 Western Pa.
MONTREAL Ottawa
Office 395 Montreal
1225 Laird Blvd. Maritimes

Town of Mount Royal
Quebec, Canada

Page i.
Page 4.

Page 5.

Page 7.

Pages 14

and 15.

Pages 16

and 17,

Page 23,

Pages 27

and 29.

Page 35.

Contents — Add: STROBOSCOPES page 168,

TYPE 1551-C SOUND-LEVEL METER — Specifica-
tions — Sound-Level Indication, line 4: 0,002 should be
0.0002. Correct figure is given unider Sound-Level Range,

TYPE 1560-P3 PZT MICROPHONLE — Specifications,
Temperature Coefficient of Sensitivity: Approximately
—0.01 db/?C. Internal Impedance: . . . varying from 445
to 510.. ..

TYPE 1560-P11EB VIBRATION PICKUP SYSTEM —
Minimum displacement should be 30 microinches;
veloeity, 1000 microinches per second; acceleration,
0.1 in. sec/sec.

TYPE 1900-A. WAVE ANALYZER — Specifications,
Range: Upper frequency limit has been inereased to
54,000 eps. Accuracy of Calibration is +19% beyond
50,000 eps. Voltage Accuracy: After calibration by inter-
nal source, the accuracy up to 50 ke is + (3% of indi-
cated value + 297 full of seale) except for the effects of
internal noige when the attenustor knob is in the maxi-
mum-sensitivity position, In that position the internal
noise is about 59 of Tull seale for the 3- and 10-cycele
bands antd 10% of full scale for the 50-cyele band. From
50 to 54 ke, the above 39 error becomes 6%.

TYPE 1564-A SOUND AND VIBRATION. AN-
ALYZER — Specifications, Filter Characteristics, add:
Ultimate attenuation is greater than 70 db for both
charaeteristies; change: Peak response is uniform +1 db
from 5 eps to 10 keand 1.5 db from 2.5 eps to 25 ke.
Accessories Available: Add Tyrr 1560-P3 PZT Micro-
phone.

Band-Pass Charaeteristies of the Analyzer: Legends on
curves are transposed; the 1/10th-octave curve is the
narrower of the two.

TYPE 1233-A POWER AMPLIFIER — Pulse-response
oscillograms: Pulse length is omitted, From left, 0.2, 1,
and 2 usee, respectively.

BRIDGE TABULATIONS. Range of 1650 iz | m&
to 11 Ms.

TYPE 1650-A IMPEDANCE BRIDGLE — Price is
$475 as announced yriur to publication of Catalog R.
Price of Tyer 1650-P1 is $20.

TELEPHONE AND TWX

216 886-0150
TWX: 216 888-0716

514 737-3673

STAFF
Leroy C. (Tom) Fricke, Manager
Danny L. Woodward, Engineer

Richard J. Provan, Engineer

-3674

Page 37.

Page 39,

Page 48.

Page 64,

Page 70.

Page 77.
Page 78.

Page 90.

Page 100.

Page 107.
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TYPE 1615-A CAPACITANCE BRIDGE — Speci-
fications, Aceuracy: Capucitance — Direct-reading, inter-
nal standard: At 1 ke, +(0.019% + 0.00003 pf). Addi-
tional error at higher frequencies and with high capaci-
tance, +2 X 1077 f%.9% + 2 X 107 Cuy S%%. At lower
frequencies and with small capacitance, accuracy may
be limited by bridge sensitivity.

Dissipation Factor: Direct reading, + (0.1% of measured
value 4 0.00001).

Moximum Safe Generator Veltage: 30 fi. volts, 300 volts
maximum. If generator amnd detector connections are
interchanged, 150 to 500 volts can be applied, depend-
ing on switch settings.

TYPE T16-CS1 CAPACITANCE BRIDGIE — Specifi-
entions, Accessories Raquired: change last sentence to read
“For operation at frequencies other than 1 Me, use
the Type 1232-A Tuned Amplifier and Null Detector,
with the Type 1232-A Mixer, and a loeal oseillator.”
TYPE 1862-C MEGOHMMETER — Specifications,
Dimensions: Panel height for relay rack model is 1015
inches,

TYPE 874 ADAPTORS — Adaptor table, TO TYPE
274, last column, should read “shown on page 209."
TYPE 874-W100, -W200 TERMINATIONS — Fre-
quency seale is omitted from plots of vswr., Curves
cover from 100 to 2000 Mc, as in Catalog ().

Types ST4-R20A and -R22A — vaswr plot: Dashed
curve is for R20A.

Price List — Code Number for Type 900-L10 should
he 0900-9605.

Sensitivity-frequency curves — Curve for 1212-A, -P3
should start 2 deeades higher, at 30 Me.

TYPE 1103-B SYNCRONOMETER® TIME COM-
PARATOR — Specifications, lnput: 1-ke sine wave, one
volt into 10 kilohms; 1-ke sawtooth, 30 volts, peak-to-
peak, into 100 kilohms,

TYPE 1137 DATA PRINTER — Price list: 230-volt
motdels arve for 50 eps only.

TYPE 1304-B BEAT-FREQUENCY AUDIO GENER-
ATOR. The two captions at the foot of the page are
interchanged.



Page 108.

Page 113.

Pages 114
and 115.

Page 117.

Page 118,

Page 123.

Page 125,

Page 128,

Page 142,

Page 150.

Page 151,

GENERAL

TYPE 1308-A AUDIO OSCILLATOR AND POWER
AMPLIFIER — Specifications, Veoltage and Current
Ranges, add: in any combination up to 200 volt-am-
peres, Optimum Load Impedance: (1.8, 2.5, 8, 80, 800 ohms,

SUMMARY OF POWER-SUPPLY CHARACTER-
ISTICS. Tyee 1203-B Unit Power Supply (Page 173)
can also be used.

ITHE, VIIF OSCILLATORS. Output into 50 ohms,
ruaranteed:
With Type 1267-A,
Type 1264-A, or
Type 1201-B
Power Supply

170 mw, 65 to 250 Me
80 mw, 250 to 500 Me

With Type 1269-A or
Type 1203-B
Power Supply

240 mw, 65 to 250 Me
80 mw, 250 to 500 Me

Osc. Type
1208-C

1209-CL 320 mw, 180 to 500 Mec 270 mw, 180 to 500 Me
240 mw, 500 to 600 Me 200 mw, 500 to 600 Me

1209-C 150 mw 120 mw

1215-CC 120 mw, 50 to 215 Mc 90 mw, 50 to 215 Me

70 mw, 215 to 250 Me 50 mw, 215 to 250 Me

For typical output-ss-frequency curves, see the (/I
Ezperimenter for August, 1963.

TYPE 1360-A MICROWAVE OSCILLATOR — Speci-
fications, Output, Power: Individual instruments may
show variations of 2:1 from typical curve. New output
specification (guaranteed) is At least 20 mw from 1.7
to 2.1 Ge; at least 50 mw from 2.1 to 4.1 Ge”.

TYPE 1220-A KLYSTRON OSCILLATOR — pi.
mensions: Width, 1034 (275 mm).

TYPE 1001-A STANDARD-SIGNAL GENERATOR
— Specifications, Voltage Accuracy: “At [requencies
below 10 Me"' should read “From 150 ke to 10 Me.”
TYPE 1000-P5 VHF TRANSFORMER — Line 5;
“. .. measurement of fm and television receivers.”
TYPE 1025-A STANDARD SWEEP-FREQUENCY
GENERATOR — Features, line 9: “...to counter
aceuracy without disturbance. . . "

TYPE 1806-A ELECTRONIC VOLTMETER — Speci-
fications, Accuracy, second line: “ £0.2% of full seale
from one-tenth. . .."”

TYPE 1401-D STANDARD AIR CAPACITOR —
Dissipation factor is 20 X 1079,

TYPE 1403-G STANDARD AIR CAPACITOR —
Dissipation factor is 30 X 107 Tyres 1403-A, -D, -K,
-N, -R, -V, dissipation factor is 20 X 1079,

R A D

Page 151,

Page 154.

Page 157.

Page 170.

Page 174,

Page 176,

Page 203.
Page 207,

Page 211.

TYPE 1404-A REFERENCE STANDARD CA-
PACITOR — Specifications, Replace Cerlificate with:
Calibration: A certificate of calibration is supplied with
each ecapacitor giving the measured direct parallel
capacitance at 1 ke and at 23 + 1 €. The measured
value is obtained by a comparison to @ precision better
than +1 ppm with working standards whose absolute
values are known to an accuracy of 420 ppm, deter-
mined and maintained in terms of reference standards
peniitullcull_\' mensured by the National Bureau of Stand-
ards,

TYPE 1404-B — A 100-pf model, Tyre 1404-B, is now
available — Price $225.00.

TYPE 1424-A STANDARD POLYSTYRENE DEC-
ADE CAPACITOR — Specifieations, Frequency: Change
last sentence to: At higher frequencies, terminal capaci-
tance rises as resonant frequency, fo, is approached, The
increase can be caleulated from AC/C = (f/fy)% and f
varies from about 525 ke at 1 uf to 235 ke at 10 pf.
TYPE 1419-A DECADE CAPACITOR — Capaci-
tance per Step, A-deeade, iz 0.1 uf.

TYPE 1419-M DECADE CAPACITOR — Specifi-
cations, Dimensions: 1334 by 4-5/16 by 5 inches (350 hy
110 by 130 mm).

TYPIL 1531-P3 SURFACE-SPEED WHEEL — Addi-
tional new specification, Over-all Accuracy, including
Strobotac: + 1.5,

TYPE 1263-B AMPLITUDE-REGULATING POWER
SUPPLY — Specifications, RF Output Voltage: (‘hange
last sentence to read **With 1-ke square-wave modula-
tion, 0.2 to 1.0 volt average value of the rms ecarrier
level behind 50 ohms." Output Volimeter: Add: * Meter
reads average value of the rms carrier level,”

TYPE 1116-B EMERGENCY POWER SUPPLY —
Continuous rating is 150 watts,

TYPE 1268-A AUTOMATIC BATTERY CIHHARGER
— This deviee should be used only with nickel-cadmium
batteries, Tyrre 1268-9602 or equivalent.

POTENTIOMETERS — Dimensions given are in
inches,

TYPE 274-DB, -MB, -NK PLUGS — Dimensions are
in inches.

Column 1, last line — Reference to page 116 should read
page 113,

We have available a list of references to original deseriptions in the
General Radio Experimenter covering all major items in Catalog R,
Free on request.,

| O
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WEST CONCORD, MASSACHUSETTS, USA

General Radio Company (Overseas), Zurich, Switzerland
Representatives in Principal Overseas Countries

Ogtober 14, (963

Printed in U, 8, A,
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COME VISIT US

We are always glad to see our customers at our home plant as
well as at our Sales Engineering Offices. We can welcome you best
between 10Am and 4pm any day except Saturdays, Sundays, and
legal holidays in Massachusetts.

Our plant is located in West Concord, at 22 Baker Avenue. This
is near the intersection of State Routes 2 and 62, and the accom-
panying map shows routes from Boston and vieinity. The Maynard
bus (Middlesex and Boston Street Railway Company) from Har-
vard Square, Cambridge, serves West Concord. Also, the Boston
and Maine Railroad provides service from Boston’s North Station.

Z%\)| File Courtesy of GRWiki.org




OUR COMPANY

General Radio, an employee-owned company, was founded in
1915. Our principal business has always been the manufacture of
measuring instruments for science and industry. Our administrative
offices and all manufacturing operations are at our new plant in
West Concord, Massachusetts. Our sales engineering and service
network includes offices in 11 metropolitan areas in North America
and a wholly owned subsidiary, General Radio Company (Over-
seas), in Zurich, Switzerland.

General Radio sells standard, proprietary, off-the-shelf products,
listed in this catalog. It does not sell consulting services, patents,
or proprietary rights or processes.

COMPETENCE IN ENGINEERING

General Radio has furthered the science of electrical measure-
ment for almost 50 years. GR contributions have been many: The
heterodyne wave analyzer, the electronic stroboscope, the adjust-
able autotransformer, the RC oscillator, the butterfly circuit, and
the coaxial admittance meter are a few of the devices either invented
or first introduced commercially by General Radio. Today, to
answer the needs of new technology, our rate of new instrument
development is at an all-time high; in this catalog are 26 major
instruments, plus many standards, connectors, parts, and acces-
sories, that have been introduced since our last general catalog was
published two years ago.

The rich experience and high competence of General Radio’s
engineering staff, many of whom are leading authorities in their
fields, are available to our customers in the form of advice on
measurement problems as well as in the superior design of our

products.
a’«
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OUR PRODUCTS

Two unwritten specifications for every GR instru-
ment are reliable performance and long life. These are
part of every engineering and manufacturing decision;
they are evident in the design, layout, materials, com-
ponents, wiring, and finishes of our instruments. Every
step has been refined by an instrument-manufacturing
experience unequaled in the electronics industry.

Our panels and cabinets are of especially heavy-gauge
aluminum so that they will not hum, dent, buckle, or
rattle. We either paint or plate all outside aluminum
surfaces. We plate all brass parts. Our instruments
would operate as well — for a while — with less plating,
painting, and finishing, but we’'d rather give them the
protection they deserve.

We use only the best components in our instruments,
and this often means designing and making our own.
For instance, when we needed a binding post with high
dielectric strength, high leakage resistance, low capaci-
tance, and low loss, we designed our own jack-top
binding post, which soon became a popular (and widely
copied) GR produet in its own right. Our coaxial con-
nectors and double banana plug are other GR-designed
components now used throughout the electronies !
industry.

Components are only as reliable as the leads con- |
necting them. At GR, we terminate all shielded leads
with erimped ferrules, for connections that stay con-
nected. We use Z-wire connections to join components
on opposite sides of etched boards, and we nylon-braid
our own cables by a GR-designed cable-braiding ma-
chine. The cables, etched boards, components — the
vital organs of a GR instrument — look as if they are
solidly in place. They are.

Our old friends will notice that the traditional black
crackle and square cabinets have given way to soft
grays and smart styling. We are proud of the new GR
look, just as we are proud that we are old enough to be
able to have a new look.

File Courtesy of GRWiki.org
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We feel that correct functional design is the key to
a good-looking instrument. Take GR’s proprietary new
meter design. It is aesthetically pleasing because it looks
right. You wonder, in fact, why all meters don’t look
like that. But here the primary design objective was,
not styling, but maximum scale length per unit of panel
area and the most readable scales possible. The good
looks were the inevitable reward for proper design.

GR instruments are assembled by what is sometimes
called the “artisan’” method. This means that one man
assembles a group of instruments, in contrast with
the assembly-line method, where many people assembile
each instrument. There are no assembly lines at
General Radio.

The artisan system places high demands on the as-
semblers, and a major factor in the quality of our instru-
ments is the caliber and experience of these men. Three
quarters of them have been assembling GR instruments
for over 10 years, and better than one in four is a
20-year man.

These are a few of the reasons why we can guarantee
performance to published specifications for two years,
and why many of our instruments manufactured over
a quarter century ago are still working perfectly.
Another reason is GR’s conservative approach to in-
strument specifications. Every instrument passing
through our test and calibration laboratory must exceed
published specifications by a comfortable margin.
Because of this margin, you can have confidence in the
specifications in this catalog.

Over the past half century General Radio instruments
have won an enviable reputation for quality. We never
rest on this reputation, but constantly strengthen it
and add to it. The results are shown in this catalog:
the best instruments we have ever made.




SALES, SHIPPING AND SERVICE

INFORMATION
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SALES, SHIPPING, AND SERVICE INFORMATION

WE SELL DIRECT

We have long believed that we serve our domestic cus-
tomers best by serving them directly. The men who sell
GR instruments are sales engineers, in the strictest sense.
They are also General Radio employees, paid salaries,
not commissions. They make up the best qualified team
of electrical measurement consultants to be found any-
where, and their advice is yours for the asking. Overseas,
carefully selected representatives offer our many friends
abroad the same competent service.

Another GR sales policy of long standing is the single
price to all. We have no patience (nor have our customers)
for prices that are so variable that they cannot be adver-
tised. The price of a product, we have always felt, is just
as much a part of specifications as is the technical descrip-
tion. Moreover, we feel that there is no more place for
fiction in prices than in voltage ratings. The prices given
in this catalog are what we charge for our products, and
you may be sure that you are not carrying the load for
somebody else’s discount.

_(Variac® autotransformers are sold in the U. S. both
direct and through distributors, either way at the same
advertised prices.)

HOW TO ORDER

An item is fully identified by the type number given in
this catalog. For protection against typographical or read-
ing errors, however, we recommend that you also give
the name of the instrument and, where applicable, the
measurement range or other significant specifications. Be
sure to include orders for any accessories desired or for
calibrations that are to be made before shipment.

SHIPPING INSTRUCTIONS

Unless specific instructions accompany the order, we
shall use our judgment as to the best method of shipment.
Repair parts or other items needed quickly will be shipped
by air if requested. The following table shows approximate

2 POUNDS 5 POUNDS 25 POUNDS 40 POUNDS
A Air
Air Air Parcel Air Air Parcel Air Aar Asr Air
U. 8. Freight | Erpress| Post REA | Freight | Express| Post REA | Freight| Exzpress | Truck®* | REA | Freight | Express| Truck® | REA
ATLANTA . . ... .. $12.10 | $6.50 | $1.26 | $2.65 | $12.10| $6.50 | $2.94 | $2.97 | $12.10] $12.15 | § 6.46| $5.06 | $12.10| $16.41| § 6.46 |5 6.61
BUFFALO 11.20 6,50 1.15 2.89 11.20 6.50 245 3.10 11.20 8.15 5.40 4.5 11.20 | 10.01 5.40 5.57
CHICAGO 13.25 6.50 1,26 2.96 13.25 6.50 2.94 3.30 13.25] 1215 6.22 547 | 1325] 1641 6.22 7.09
CLEVELAND. . . ... 11.45| 650 105 | 292 | 1145] 6.50 265 | 37| 1145 975 6.23 4.86 11.45] 1257 623 6.12
DALLAS. . ovns- - 16.90 6.50 1.47 275 16.90 7.49 3.63 3.10 1690 1775 9.48 6.22 1690 | 2537 9.48 8.46
DETROIT » e ws s 11.35 6.50 1.15 2.87 11.35 6.50 2.65 3.23 11.35 975 6.39 5.12 N35]| 1257 6.39 6.54
HOUSTON . . . .. | 16.90 6.50 1.47 2.75 16.90 7.49 3.63 322 1690] 1775 9.48 6.29 1690 | 2537 9.48 8.60
LOS ANGELES .. | 2475 6.5 1.60 290 | 2475| 877 4.00 355 | 2475 2415 1181 798| 2475| 3561 11.81 | 11.29
ST LOUIS.: «opoil. NRZ9] 550 1.39 299 | 1375| 6.3 331 335 | 1375] 1295 &7T- 579.] I375] 17.6% 677 7.63
SEATHLE, . . osv:] 2205 6.51 1.60 | 288 2215 877 4,00 3.54 | 2215 2405 .8 7.92 22.15| 35.61 11.81 11.20
Awr Air Air Awr Arwr Air N x Air A |
CANADA®** | Freight | Express| Airmail| REA | Freight| Express| Airmail] REA | Freight| Express | Truck® | REA | Freight | Express| Truck* | REA
CALGARY , . ..... $12.55 | $7.00 $2.56 $4.16 §12.55| $9.30 $6.40 $4.16 $12.55 $26.80 | 510.52| $7.97 | $18.30 | $39.85 | $10.52 $10.83
MONTREAL .. .... 7.50 7.00 2.56 3.47 750 700 | 6.40 3.47 7.50 7.80 5.50 4.53 9.10 9.45 5.50 5.58
OTTAWA, . .~...] 750 7.00 2.56 3.49 7.50 7.00 6.40 349 7.50 780 | 555 4.67 950 | 9.45 5.55 556
QUEBEC........] 750 7.00 256 | 349 7.50] 7.0 640 | 349 7.50 8.80 550 4.47 9.J0| 11.05 550 | 5.56
TORONTO. ... .. B.00 7.00 2.56 3.56 B.00 7.00 6.40 3.56 8.00 9.80 6.42 4.97 10.70 12.65 6.42 6.04
VANCOUVER. . ... 14,00 7.00 2.56 4.30 14.00 970 6.40 4.30 1400] 2880 | 11.81 8.69 2030 | 4305 11.81 13.06
WINNIPEG . .....| 10.50 7.00 2.56 3.87 10.50 7.90 6.40 3.87 10.50] 1980 | 1171 6,62 1470 ] 2845] 171 B.65
B 75 POUNDS 100 POUNDS 200 POUNDS 400 POUNDS
Air Air Air Al = Air Air Air Air
U.8 Freight | Erpress| Truck* | REA | Freight | Express | Truck®* | REA Freight | Express | Truck* | REA Frn'gh_'L Express | Truck* REA
ATLANTA .. .. .. $15.60 | $32.00 | § 6.46 | $10.26 | $17.00 | $34.15 | $ 6.46 | $12.87 | $528.90| $ 65.02 | 511.80 | $25.34 | § 55.80 | $129.60| $23.60 |$50.38
BUFFALO . . ... .. 11.20 | 15.00 540 806| 11.20| 1815 5.40 982 | 17.20 33.02 802 | 1934 3240 65.40| 16.04 | 3838
CHICAGO ....... 1700 | 2700| 622 10.89] 17.00] 3415 6.22| 1359 | 28325 6502 11.04| 2658 5560 129.60] 22.08 | 53.46
CLEVELAND. . .... 1295 19.80 6.23 9.09| 1295] 2455 623| 11.20| 2045 45.82 8.88 | 22.00 39.60| 91.20| 1776 | 4190
DALLAS, ........ 2200 | 4380 948 | 1374] 2200] 5655 948 | 1752 | 39.0] 10982 1626 | 3474 7680 219.20] 3252 | 69.8
DETROIT 13.50 | 19.80 6.39 9.85] 1350 | 2455 639 | 1222 21.65 45.82 9.34 | 244 4180 | 91.20| 1868 | 47.98
HOUSTON . . .. .. 22.55 | 43.80 948 | 1399 | 2255| 356.55 948 | 17.83 | 4020 109.82 | 16.26 | 3538 7900 219.20| 32.52 | 70.42
LOS ANGELES . 3170 | s3.00| 1181 | 2455] 3170 8215 ] 1181 2455 | 5820| 161.02| 2362 | 4880 | 11560 | 321.80 | 47.24 | 97.30
ST LOUIS. ..., .+ 17.35 | 29.40 677 | 1191 1735| 3735 677 | 1496 | 29.50 7142 | 1228 29.42 5820 | 14240 2456 | 5894
SEATTLE 37.56 | 6300 11.81 1886 | 3756 | 8205 ] 11.81 | 2433 | 69.97| 161.02 | 2362 | 4836 | 13824 | 321.60 | 47.24 | 96.42
Air A Aur Ar Air Air 7 Awr Aur
C M_.LQA ak Freight | Ezpress| Truck®* | REA | Freight | Express | Truck®*| REA | Freight| Express | Truck® | REA | Freight | Ezpress | Truck® REA
CALGARY _, $31.25 | §70.95 | $10.52 | $17.51 | $32.85 | $92.75 | $10.52 | $22.28 | $62.20 | $182.22 | $23.44 | $44.56 | $123.60 |$364.00 | $46.88 [$89.12
MONTREAL .. .. .. 13.45 | 1395 5.50 719 | 1345 | 1675 5.50 8.23 | 23.40 30.22 6.56 | 1646 5300 | 6000 1372 | 3292
OTTAWA 1435 | 13.95 5.55 763 | 1435] 1675 5.55 9.10 | 2520 30.22 740 | 1820 4940 | 6000 | 14.80 | 36.40
QUEBEC 1295 | 1695 5.50 763 | 1295 | 2075 5.50 9.0 | 22.40 38.22 700 | 1820 4400 | 7600 | 1400 | 36.40
TORONTO . . . . .. 1675 | 19.95 6.42 854 | 1675 2475 6.42 | 1032 | 3000 46,22 856 | 2044 | 35920 9200 17.12 | 41.28
VANCOUVER. . . .. 3500 | 7695 | 11.81 19.62 | 3675 | 10075 | 11.81 2510 | 70.00| 19822 | 23.62 | 50.20 | 139.20 | 396.00 | 47,24 [100.40
WINNIPEG | .. ... 2450 | 4995 | 1187 | 1344 | 2515 | 6475 | 1238 | 16.84 | 4680 | 12622 | 17.41 3368 | 92.80 | 25200 | 3548 | 67.36

* Or rail freight forwarder.

** Canadian rates do not include handling or brokerage fees, duties, or any other faxes.
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cost of four different methods of shipment to major cities
in the United States and Canada, door-to-door.

There is no charge for our domestic packing or for
regular export packing and no charge for shipping con-
tainers or cases. Cases are not returnable.

OUR ADDRESS

Communications may be addressed to General Radio
Company, West Concord, Massachusetts, to one of the
Sales Engineering Offices listed on the inside front cover
of this catalog, or to the appropriate export representative.

Customers may call on whichever Sales Engineering
Office is most convenient for them. Areas regularly served
by the various offices are listed on the inside front cover.
States not listed are covered by the Sales Engineering
Department at West Concord.

We have direct teleprinter connections with both West-
ern Union and Bell System TWX. Our cable address is
GENRADCO CONCORD (MASS), and our TWX call
numbers are (617-369-5708. Complete addresses and tele-
phone numbers for our Sales Engineering Offices are listed
on the inside front cover.

PRICES

All prices given in this catalog are established on a
direct-to-customer basis, with no discounts other than the
quantity discounts noted below. Prices are f.0.b. our plant,
West Concord, Massachusetts, and are exclusive of all
taxes now in effect or that may be imposed hereafter by
Federal, State, or local governments. Prices given are
subject to change without notice. Formal price quotations
remain in effect for 30 days in the U.S.A. and Canada,
60 days in other areas.

Canadian customers may obtain prices f.o.b. Toronto
from our Toronto Office.

Customers outside the U. S. and Canada may obtain
delivered prices from the General Radio representatives
listed inside the rear cover of this catalog.

QUANTITY DISCOUNTS

Quantity discounts apply only to Variac® autotrans-
formers and to parts, not to instruments. When 10 or
more identical parts or autotransformers are ordered at the
same time for single shipment to the same place, with
ultimate destination in the continental United States
(not including the Canal Zone) or Canada, the following
qua.n(;ity discounts are allowed, except where otherwise
noted:

Quantity Discount

10 through 19 5 percent
20 through 99 10 percent,
100 or more 15 percent

MINIMUM BILLING

The minimum billing per order is $10.00. This applies
to all purchases except repair parts and cash-with-order
transactions.

SOURCE INSPECTION SURCHARGE

A surcharge of 1 percent ($2.50 minimum) applies on
all orders requiring inspection at our plant either by one
of the Government services or by the customer’s own in-
spection department or other private agency. The inspec-
tion surcharge applies on each shipment inspected.

CONDITIONS OF SALE

Determination of prices, terms, and conditions of sale,
and final acceptance of orders are made only at our plant,
West Concord, Massachusetts.

For customers in the United States and Canada, terms
are net 30 days if credit has been arranged; otherwise,
unless payment is received before shipment, shipment will
be made COD.

When full payment accompanies an order, except for
repairs, we pay transportation charges to any point in
the continental United States (not including Alaska and
the Canal Zone) on carrier of our choice.

WARRANTY

We warrant that each new instrument sold by us is free
from defects in material and workmanship and that, prop-
erly used, it will perform in full accordance with applicable
specifications for a period of two years after original ship-
ment. Any instrument or component that is found within
the two-year period not to meet these standards, after
examination by our factory, district offices, or authorized
repair agency personnel, will be repaired or, at our option,
replaced without charge, except for tubes or batteries that
have given normal service.

SERVICE AND REPAIR

Repair service is available from our plant at West
Concord, Massachusetts, or from our field service facilities
(see inside front cover).

Before returning an instrument for repair, please write
to us, requesting a Returned Material Tag, which includes
shipping instructions. Also state the type and serial num-
bers of the instrument, date of purchase, and details
concerning the difficulty.

Repair parts may be obtained from our home plant or
Sales Engineering Offices. When ordering repair parts,
please specify the part number and description of the
item and the type and serial numbers of the instrument

in which it is used.
A

Jwo- e}? Warranty

We warrant that each new instro-
ment sold by us is free from defects
in material and workmanship and that
properly used it will perform in full
accordance with applicable specifica-
tions for a period of two years after
original shipment. Any instrument or
component that is found within the
two-year peri not to meet these
standards afier examination by our
factory, district office, or anthorized
reparr agency personnel will be re

a or, at our option, replaced
without charge, except for tubes or
batteries that have given normal
service.

GENERAL RADIO COMPANY
WEST CONCORD, MASSACHUSETTS
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SALES, SHIPPING AND SERVICE

INFORMATION

viii

EXPORT ORDERS

Customers outside the United States and Canada are
served by General Radio and its wholly owned subsidiary,
General Radio (Overseas), through the export representa-
tives listed inside the rear cover of this catalog. All com-
munications should be directed to the appropriate export
representative. Ior countries not listed, inquiries should
be addressed either to General Radio Company, West
Concord, Massachusetts, U.S.A., or, for customers in
Europe, to General Radio Company (Overseas), Helena-
strasse 3, Zurich 8, Switzerland.

Prices to overseas destinations are available from export
representatives on request. Estimated prices, C.L.F., will

be quoted by General Radio Company, West Concord,
Massachusetts, U.S.A., or by General Radio Company
(Overseas) on request.

Determination of export prices, terms, and conditions
of sale are made at General Radio Company, West Con-
cord, Massachusetts, U.S.A.,, or General Radio Company
(Overseas), Zurich, Switzerland.

Export terms are full payment in advance of shipment
or by sight draft against an irrevocable letter of credit
at a New York or Boston bank, or as previously arranged
with General Radio or General Radio (Overseas).

PUBLICATIONS

A monthly publication, the General Radio Experimenter,
features new products developed by General Radio as well
as general technical information. Sent free on request, this
periodical is distributed to over 100,000 readers through-
out the world.

Other publications available from General Radio include
the Handbook of Noise Measurement, Primer of Noise Meas-
wrement, Handbook of Voltage Control, Handbook of High-
Speed Photography, and instrument notes, booklets, and
reprinted articles on a wide range of technical subjects.

PATENTS

Many of our products are manufactured and sold under
United States Letters Patent owned by the General Radio
Company or under license grants from other companies.
To simplify the listing of these patents they are given
here in a single list and referred to at each instrument only
by appropriate reference number.

1. “Certain vacuum-tube amplifier devices, electric
wave filters, vacuum-tube oscillators, and sound-level
meters are licensed by Western Eleetriec Company, Ine.,
under all United States Letters Patent owned or controlled
by American Telephone and Telegraph Company, or
Western Electric Company, Ine., and any or all other
United States patents with respect to which Western
Electric Company, Ine., has the right to grant a license,
solely for utilization in research, investigation, measure-
ment, testing, instruction and development work inpureand
applied science, including engineering and industrial fields.”

2. “This apparatus uses inventions of United States
Patents licensed by Radio Corporation of America. Patent
numbers supplied upon request. Licensed only for use in
measuring or testing electronic devices, electron tube cir-

n File Courtesy of GRWiki.org

cuits, parts of such devices and cireuits, and elements for
use in such devices and circuits.”

. Patent D 161,030.
Patent 2,548,457.
Patent 2,802,907.
Licensed under designs, patents and patent appli-
cations of Edgerton, Germeshausen and Grier.
7. Patent 2,949,592,

8. Patent Applied For.
9. Patent Re 24,204,
10. Patent 3,050,685.
11. Patent 3,022,944.
12. Patent 3,012,197.
13. Patent 2,977,540.
14. Patent 2,763,733.
15. Patent D 187,740.
16. Patent 2,970,258.
17. Patent 2,538,122.
18. Patent 2,581,133.
19. Patent 2,872,639.
20. Patent 2,943,277.
21. Patent 2,942,172,
22. Patent 2,966,257.
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General Radio’s comprehensive line of acoustical and
audio-frequency instruments provides the essential ele-
ments for the efficient evaluation of noise and vibration
and for the measurement of other acoustical phenomena.
The basic instruments described in this section comprise
a sound-level meter, a vibration meter, and a variety of
transducers and calibrators, for the quantitative measure-
ment of both air-borne and solid-borne vibrations.

These are supplemented by:

(1) A group of analyzers, described in the section follow-
ing, which operate from the electrical output of the
sound-level meter* to measure the amplitude and fre-
quency of the components of the sound or vibration
spectrum. These include narrow-band, 14-octave, and
octave-band instruments, as well as a peak-reading
device for evaluating impact-type sounds.

(2) Audio-frequency oscillators, a random-noise generator,
and pulse generators for exciting acoustical and elec-
trical systems under test.

(3) A graphie level recorder for automatic spectrum analy-
sis, reverberation-time measurements, and perma-
nent records of measurements.

(4) Stroboscopes for visual analysis of vibrating phe-
nomena.

(5) Impedance bridges for determining the characteristics
of transducers and other acoustical devices.

(6) Auxiliary equipment, such as frequency meters and
amplifiers.

SOUND-LEVEL MEASUREMENTS

The standard sound-level meter is the basic sound-
measuring instrument and has been improved in each
successive model in performance, in convenience, and in
versatility, culminating in the Typr 1551-C Sound-Level
Meter, which meets the requirements of the current
American Standard Specification for General-Purpose
Sound Level Meter.}

An excellent, general-purpose pzr microphone is now
supplied as standard equipment. This stable and rugged
microphone has a smooth frequency response and is rela-
tively unaffected by normal temperature changes. It can
be mounted directly on the instrument or separately with
connection by extension cable when it is necessary to
avoid the effects of the observer on the acoustical measure-
ment. For broad-band measurements the Type 1551-P1
Condenser Microphone System is available.

The Type 1555-A Sound-Survey Meter is a simplified
version of the sound-level meter, particularly designed for
convenience in use, small size, and low cost.

Either of these instruments can be used to measure over-
all level, the first important measure of a noise. A fre-
quency analysig is also often desirable to estimate the
effects of the noise, to track down the source, and to
determine efficient control measures.

* The Tyre 1564-A Sound and Vibration Analyzer and the Type 1558-A Octave-

Band Analyzer can also be operated directly from a microphone,
f ABA B1.4— 1961,

ACOUSTICAL INSTRUMENTS

OCTAVE-BAND AND NARROWER-BAND
MEASUREMENTS — SPECTRUM ANALYSIS
The Tyres 1568-A and 1558-AP Octave-Band Noise
Analyzers and Type 1564-A Sound and Vibration Analyzer
can be used directly with the pzr microphone to measure
octave-band, or 1/3-octave and 1/10-octave band, sound-
pressure levels in the range from 44 to 150 db, which is
often all that is necessary to check against hearing-damage
criteria or compliance with test codes or noise ordinances.
When even lower band levels must be measured, the elec-
trical output of the Tyre 1551-C Sound-Level Meter can
be analyzed. This output is the amplified electrical replica
of the acoustic signal at the microphone, and it has a
wide dynamic range. Its frequency spectrum can be
analyzed by the broad-band Type 1558 Octave-Band
Noise Analyzers, the Type 1564-A Sound and Vibration
Analyzer with both 1/10-octave and 1/3-octave band-
widths, and the Type 1900-A Wave Analyzer with 3-,
10-, and 50-cycle bandwidths.

IMPACT NOISE

The measurement of impact noise, which has previously
required extensive instrumentation including an osecillo-
scope, is now possible with a simple setup consisting of
the TypE 1551-C Sound-Level Meter and the Typr 1556-B
Impact-Noise Analyzer. This analyzer is also used to
measure electrical noise peaks in communication circuits.

CALIBRATION

Satisfactory noise measurements depend upon measur-
ing equipment that is kept in proper operating condition.
Although the instruments are inherently reliable and
stable, after long periods of use their performance may
change. In order to ensure that important changes will be
discovered and corrected, the Type 1552-B Sound-Level
Calibrator has been developed. It provides an over-all
calibration of the system at 400 cps. When driven by a
400-cycle oscillator at a 2-volt level, it supplies a known
acoustic signal to the microphone. The Tyee 1307-A
Transistor Oscillator is a convenient 400-cycle source.

Where greatest accuracy is desired, the Tyere 1559-A
Microphone Reciprocity Calibrator should be used. This
new device, which uses the closed-coupler reciprocity
method of calibration, will determine the sensitivity of the
Type 1560-P3 and -P4 PZT Microphones over a frequency
range of 20 to 8000 cps. It is also a precision acoustic
source, as well as a sound-level calibrator.

With these instruments, one can make the measure-
ments necessary for evaluating practically any industrial
noise problem. They can be used by nontechnical per-
sonnel and are designed for long life and trouble-free
operation. The use of these and other noise-measuring
instruments is discussed thoroughly in the Handbook of
Noise Measurement, published by General Radio Company,
and available at one dollar a copy, postpaid. A Primer
of Noise Measurement, an elementary treatise, is free on
request.
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ACOUSTICAL INSTRUMENTS

INTRODUCTION

VIBRATION MEASUREMENTS

Vibration-measuring equipment includes the Tyrr
1553 Vibration Meters to measure the acceleration,
velocity, displacement, and jerk of a vibrating element;
the Type 1564-A Sound and Vibration Analyzer or
Type 1900-A Wave Analyzer to analyze the vibration;
and the Type 1560-P11B Vibration Pickup System to
convert the sound-level meter to a vibration meter. The
Type 1558 Octave-Band Noise Analyzers and the Type
1564-A Sound and Vibration Analyzer can also be operated
directly from the output of a vibration pickup. Calibration
of these instruments is easily checked by the Type 1557-A
Vibration Calibrator, a self-contained electromagnetic
shaker.

Another important group of vibration instruments are
stroboscopes (see page 195), which permit vibrating
objects to be viewed intermittently and produce the
optical effect of slowing down or stopping a periodic
vibration.

GRAPHIC LEVEL RECORDER

The Type 1521-A Graphic Level Recorder can record
the level and spectral distribution of sound and vibration,
operating from the output of the sound-level meter, the
TypE 1553 Vibration Meter, or one of the analyzers. The
frequency dials of the TypE 1564-A Sound and Vibration
Analyzer and the Tyre 1900-A Wave Analyzer can be
driven by the recorder for automatice plotting of the spec-

€
[}
TYPE 1555-4
SBTJPIED |5|?EZJEBL SOUND—-SURVEY
R METER
CALIBRATOR e Rk
CERAMIC
MICROPHONE

trum. Reverberation measurements can also be made with
this recorder.

MEASUREMENT POWER SOURCES

The Typr 1304-B Beat-I'requency Audio Generator can
drive transducers for observing the vibratory or acoustical
response of various systems. If the response is recorded on
the Type 1521-A Graphic Level Recorder, a plot of the
transfer response level in decibels versus frequency on a
standard logarithmic scale is obtained. An output of the
Type 1900-A Wave Analyzer can also be used to drive
transducers or networks; the response can be detected by
the Type 1900-A Wave Analyzer and plotted automatically
on the Type 1521-A Graphic Level Recorder. When
higher power is needed, the Typs 1308-A Audio Oscillator
and Power Amplifier is recommended.

Another useful source is the Type 1390-B Random-
Noise Generator, which can supply a broad-band noise.
When its output is fed to one of the General Radio analyz-
ers, the analyzer output is a band of noise that is tunable
over the range of the analyzer. Such a signal has many
applications in acoustical testing, particularly in architec-
tural acoustics and psychoacoustics. For transient-
response measurements, square-wave and pulse generators
can provide steep-wavefront signals.

The accompanying diagram shows the functional rela-
tions among these various instruments, which collectively
make up the General Radio Sound-Measuring System.

TYPE 1558-A
QCTAVE BAND
NOISE ANALYZER

TYPE 1551-P1 [@u‘é
CONDENSER els %
MICROPHONE SYSTEM Go @ -
TYPE 1556-8
IMPACT NOISE
d TYPE 1551-C AHALYZER
TYPE 1559-A SOUND-LEVEL
PHONE METER TYPE I521-A
RECIPROGITY IR e GRAPHIC-LEVEL RECORDER
CALIBRATOR MICROPHONE
TYPE 1900-A
: WAVE
7 TYPE 1560—FIIB -
&  VIBRATION ANALYZER
PICKUP SYSTEM
; , TYPE 1553-a
a VIBRATION ;
2 —
. METER TYPE 1564-A
TYPE I1557-A TYPE |560—P52 % SOUND AND
VIBRATION VIBRATION % VIBRATION
CALIBRATOR PICKUP
o
TYPE 1531-A
STROBOTAC®
ELECTRONIC
STROBOSCOPE
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®Type 1555-A SOUND-SURVEY METER

¢ Small enough to fit in pocket.
¢ Can be used set on a table, mounted on a tripod, or held in the hand.

FEATURES:

¢ Miniature in size, yet uses standard and well-tested components.

The Type 1555-A Sound-Survey Meter is an inex-
pensive, pocket-sized instrument for use in general survey
measurements. Some of the many uses of this versatile
meter are:

Measurement of noise levels in homes, offices, factories,
and outdoor locations.

Measurement of noise levels produced by appliances,
office equipment, and machinery.

Measurement of sirens and other warning systems.

Measurement of level and dispersion pattern of repro-
duced sound from public address systems, theaters, and
home sound systems.

Field surveys for acoustic material companies.

Acoustical experiments in physies classes.

Measurements of cross-over characteristics and dynamic
range of high-fidelity music-reproducing systems.

Frequency-response measurements on loudspeakers and
rooms.

SPECIFIC

Range: 40 to 136 db (re 0.0002 uhar).

Frequency Characteristics: Any one of three different frequency charac-
teristies can be selected by the runcrion switch. For ¢ weighting,
the frequency response is substantially flat from 40 to 8000 cps. The
A- and B-weighting positions follow, respectively, the 40- and 70-db
contours used as the weighting for sound-level meters.

Accuracy: The gain of the amplifier is so set that the sensitivity of the
instrument is correct at 400 cps within +1 db.

Stability: The amplifier is stabilized by feedback to minimize the
effect of changes in battery voltage. Temperature and humidity
changes over the normal range of room conditions have no noticeable
effect. The temperature coefficient of the sound-level indication is
low, in the order of 0.03 db/°F.

Operating Limits: The maximum safe operating temperature of the
instrument is 115 F. Temperatures above 130 F' will permanently
damage the Rochelle-salt erystal in the microphone,

Loudness checks on speakers and singers, at rehearsals
and in classes.
DESCRIPTION: The Tyre 1555-A Sound-Survey Meter
consists of a nondirectional mierophone, a continuously
adjustable, calibrated attenuator, a stable amplifier with
three weighting networks, and an easily read indicating
meter. The entire assembly, including microphone and
batteries, is housed in a rugged, two-piece aluminum case.
The attenuator and weighting-network selector are
fingertip-operated, permitting operation of the instrument
with one hand. No provision is made for connection of an
analyzer, but, by comparing measurements in different
weighting positions, one can estimate the relative im-
portance of low-frequency components in the sound
being measured.

For more accurate measurements and when an output
for frequency analysis is required, the Type 1551-C
Sound-Level Meter (page 4) is recommended.

ATIONS

Microphone: A crystal-diaphragm-type microphone is mounted at the
top of the instrument.,

Batteries: One 114-volt size C flashlight battery (Rayovac 1LP or
equivalent) and one 30-volt hearing-aid battery (Eveready 413L or
equivalent) are supplied.

Cabinet: Aluminum, finished in ecrackle, with a standard 14-20
threaded tripod mount. A leather “ever-ready” carrying case (not
supplied with the sound-survey meter, but available separately)
permits operation of the instrument without removal from the case.
Dimensions: Width 314, height 6, depth 214 inches (80 by 155 by
65 mm), over-all.

Net Weight: 2 pounds (0.9 kg) with batteries.

Shipping Weight: 234 pounds (1.3 kg); case, 34 pound (0.3 kg).

The Primer of Noise Measurement, free on request, discusses sound
and noise measurements possible with this instrument.

Type | | Code Number |  Price
1555-A Sound-Survey Meter 1555-9701 $185.00
Set of Replacement Batteries 1.95
1555-P2 Leather Carrying Case 1555-9602 10.00

row o0~ 2URVEY WeTe)

o AN e

File Courtesy of GRWiki.org

dA1IW AJAANS

SINIWNJLSNI TVIILSNODV




ACOUSTICAL INSTRUMENTS

®Type 1551-C SOUND-LEVEL METER

The Tyre 1551-C Sound-Level Meter is an accurate, portable instrument designed to meet

SOUND-LEVEL METER

USES:

American Standards Association specifications. In its primary function as a noise meter,
this is the accepted instrument for the measurement of both product noise and environ-

mental noise by industry, laboratories, regulatory bodies, and noise-abatement groups.

Typical users include:

MAcHINE AND APPLIANCE MANUFACTURERS, in indus-
trial and development laboratories as well as on the
production line. The sound-level meter provides a means
of establishing noise standards and of accepting or reject-
ing products on the basis of noise tests.

AcovsticAL ENGINEERS AND Prysicists, for the meas-
urement of machinery noise and for determining the
acoustical properties of buildings, vehicles, and materials.

INpUsTRIAL HYGIENISTS AND PSYCHOLOGISTS, in surveys
of the psychological and physiological effects of noise and
for the determination of satisfactory noise environments
in factories and offices.

In addition to its primary use as a self-contained sound-
level meter, the Type 1551-C is the heart of a complete
gound-measuring system, which includes spectrum analyz-
ers, special-purpose microphones, calibrators, and vibra-
tion pickups. Many other accessories, such as graphie level
recorders and tape recorders, can also be operated from
the sound-level-meter output.

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

Its many applications are deseribed in detail in the
Handbook of Noise Measurement, a copy of which is avail-
able to each user.

DESCRIPTION: The Type 1551-C Sound-Level Meter
consists of a nondirectional microphone, a calibrated
attenuator, an amplifier, standard weighting networks,
and an indieating meter. The complete instrument, inelud-
ing batteries, is mounted in an aluminum case. The
microphone can be used in either a vertical or a horizontal
position and, when not in use, folds down into a storage
position, automatically disconnecting batteries. An ac
power-supply unit is available,

FEATURES:

¢ Small, compact, and portable — weighs less than 8

pounds with batteries.

¢ Simple to operate.

¢ Meets requirements of ASA S1.4-1961 and IEC Publica-
tion 123, 1961.

+ Wide dynamic range.

¢+ Two-speed meter movement permits measurement of

either steady or fluctuating sound.

¢ Wide sound-level range — from 24 to 150 db.

¢ Uses readily available batteries.

¢+ Wide frequency response of amplifiers and panel meter

— from 20 eps to 20 ke.

¢ Low internal noise level.

¢ Internal calibration system for standardizing gain.

¢ Quasi-rms meter; indication is essentially rms for all

waveforms except short impact pulses.

SPECIFICATIONS

Sound-Level Range: From 24 to 150 db (re 0.0002 ubar).

Frequency Characteristics: Any one of four response characteristies,

A, B, C, or 20 ke, can be selected by a panel switch.

g Thegg—, B-, and c-weighting positions are in accordance with ASA
1.4-1961.

Frequency response for the 20-ke position is flat from 20 eps to
20 ke, so that complete use can be made of wide-range microphones
such as the Tyee 1551-P1 Condenser Microphone Systems.
Microphone: The microphone is a highly stable pzr ceramic type. A
condenser microphone is available as an accessory. See page 6.
Sound-Level Indication: Sound level is indicat.edrgy the sum of the
meter and attenuator readings. The clearly marked, open-scale meter
covers a span of 16 db with calibration from —6 to 10 db. The attenu-
ator is calibrated in 10-db steps from 30 to 140 db above 0.002 ubar.
Output: An output of 1 volt across 20,000 ohms (when the panel meter
is at full scale) is available at an output jack. The output can be used
to drive frequency analyzers, recorders, and oscilloscopes.

Input Impedance: 25 megohms in parallei with 50 pf.

Output Impedance: 7000 chms.

Meter Damping: The panel meter has two different damping charac-
teristics; either FAST or sLOW response can be selec by a panel
switeh, The meter ballistics comply with current Asa standards.
Calibration: Built-in calibration eircuit standardizes the sensitivity
of the electrical eircuits in the sound-level meter within +1 db at
400 eps, as specified in asA standards. The Type 1552-B Sound-Level
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The Type 1551-C Sound-lLevel Meter

with the microphone in the storage

position and batteries automatically
disconnected.

Calibrator (page 8) is available for making periodic acoustical checks
on the over-all ecalibration, including microphone. The pzr miero-
phone can be accurately calibrated with the Type 1559-A Micro-
phone Reciprocity Calibrator, which can also be used for over-all
acoustical checks of the sound-level meter.

Environmental Effects: Readings are independent (within 1 db) of
temperature and humidity over normal ranges of room conditions.
Power Supply: Two 115-volt size D flashlight cells (Rayovac 2LP or
equivalent) and one 67 15-volt battery (Burgess XX45 or equivalent)
are supplied. An ac power supply, the Type 1262-B, is available.
Accessories Supplied: Telephone plug.

Accessories Available: TypE 1551-P2 Leather Case, which permits

The sound-level meter is here operated while in its leather
carrying case, with the microphone in the horizontal
operating position.

The Type 1551-C Sound-Level Meter can be

ac-operated by means of the Type 1262-B

Power Supply, which plugs directly into the
base of the sound-level meter.

operation of the instrument without removal from the case. Tyre
1560-P95 Adaptor Cable Assembly, for connecting output to Type
1521-A Graphic Level Recorder. For other accessories, including
analyzers, see pages 6 to 21.

Cabinet: Shielded aluminum, finished in gray crackle.

Dimensions: Width 714, height 94, depth 615 inches (185 by 235 by
160 mm), over-all.

Net Weight: 734 pounds (3.5 kg) with batteries; 924 pounds (4.4 kg),
including leather case.

Shipping Weight: 9 pounds (4.1 kg) with batteries; 114 pounds (5.3
kg), including leather case.

See also General Radio Ezperimenter, 35, 8, August, 1961.

Tupe | |  Code Number | Price
1551-C Sound-Level Meter 1551-9703 $450.00
1262-B Power Supply (see page 176) 1262-9702 95.00

Set of Replacement Batteries 3.90
1551-P2 Leather Carrying Case 1551-9602 25.00
1560-P95 Connecting Cable 1560-9695 3.00

PATENT NOTICE. See Note 12, page viii.

MILITARY SPECIFICATIONS: We can supply Type 1551-C Sound-Level Meters to meet
the specifications of MIL-STD-740. Price and details on request.

'l'ype 1560-P3 PZT MICROPHONE

This microphone, which is used in the Tyee 1551-C
Sound-Level Meter, is a pzr piezoelectric ceramic type,
whose characteristics approach those of condenser micro-

Dimensions: Length 23 inches (70 mm), maximum diameter 114
inches (29 mm).
Net Weight: 14 pound (115 grams).

phones used as laboratory standards. It requires no Type | | Code Number | Price
polarizing voltage, however, and its impedance is lower 1560-P3 |  PZT Microphone | 1560-9603 | $s0.00
by an order of magnitude. Thus, leakage due to high

humidity is less of a problem than with the condenser o*

type, and the microphone can be more readily used at the ' "\

end of a cable. i _@ 90" | o"’/

Frequency Response: Typical response is shown in the accompanying 2 o NS
lot. Deviations of individual units are approximately +0.3 db

rom 20 to 1000 eps and +1 db up to about 8000 eps. -2
Sensitivity: —60 db re 1 volt /ubar,

Temperature Coefficient of Sensitivity: Approximately 0.01 db/°C.
Internal Impedance: Capacitive; 475 pf at 25 C, varying from 445 to
475 over a temperature range of 0 to 50 C.

Directivity: See frequenc_v characteristic plot.

Environmental Effects: The microphone is not damaged by tempera-
tures from —30 C to +95 C and relative humidities of 0 to 100%. 500 1000 2000
Terminal: Microphone fits Cannon XLR-3-11C cable connector.

5000 10,000
FREQUENCY IN CYCLES PER SECOND
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ACOUSTICAL INSTRUMENTS

Type 1551-P1 CONDENSER MICROPHONE SYSTEM

The Types 1551-P1L (for normal-level measurement) and 1551-P1H (for high-level

CONDENSER MICROPHONE

USES:

measurement) Condenser Microphone Systems are designed for use with the Type 1551-C
Sound-Level Meter for measuring sound levels over wide frequency ranges. These micro-

phones are not damaged by high sound levels or by high temperatures.

Applications include:

Measurement of high-frequency and high-level noises
produced by such noise sources as air streams, wood-
working and metalworking machinery, turbines, and jet
engines.

General-purpose sound-level measurements where am-
bient temperature and sound level are high.

Measurements on high-fidelity sound systems over the
full audio spectrum.

DESCRIPTION: The TyrE 1551-P1L Condenser Microphone
System uses an Altec 21-BR-150 mierophone and measures
sound-pressure levels up to 155 db; the Typr 1551-P1H,
which uses a 21-BR-180 microphone, measures levels up
to 170 db.

The microphone base houses a subminiature pre-
amplifier tube, A battery-operated power supply provides
preamplifier filament and plate power and a polarizing
voltage for the microphone. An extension cable, a tripod,
and a leather carrying case are supplied.

SPECIFICATIONS

Frequency Response: 20 cps to 18 ke with either microphone. Typical
response curves are shown at right.

Calibration: The output level as a function of frequency is measured
in our laboratory by comparison with a standard microphone. The
measured level at 400 eps is supplied, and a calibration curve is in-
cluded with each instrument.

Output Impedance: 6500 ohms (typical).

Direct Use with Analyzers: These assemblies ecan supply a signal
directly to either the Type 1558 Octave-Band Noise Analyzer or the
Type 1564-A Sound and Vibration Analyzer, provided that the levels
of the measured components are above the following indicated

values:
1551-P1H 1551-P1L
Tyrr 1558-A, -AK 85 db 70 db
Tyre 1564-A 65 db 50 db

A Tyee 1552-B Sound-Level Calibrator is necessary for absolute
level calibration.
Maximum Sound-Pressure Level:

For the Type 1551-P1L Condenser Microphone Assembly, non-
linear digtl;ortion is below 19 at levels up to 135 db, and below 10%
at 155 db.

For the Tyepe 1551-P1H Condenser Microphone Assembly, non-
linea(.;‘! distortion is below 1% up to 150 db and below 10% up to
170 db.

Minimum Measurable Sound-Pressure Level:

Type 1551-P1L — 50 db (re 0.0002 ubar)

Tyre 1551-P1H — 65 db (re 0.0002 xbar)

Al | S el T i i I T s
-50 1 . (0°) PERPENDICULAR /- \l
-52 { RANDOM
w | |
S5 -54
§§ 21-8R-150 Lo\
o =
S Oy o Y
=< ‘ (907) PARALLEL L3
35 ~—90° | INCIDENCE A
E0  .udE F’OLARII!NG VOLTAGE = 200 15, |
5= "9 =] |
=5 ceo JPERPENDICULAR
wt INCIDENGE| }/
0% 6 RANDOM—]
. N
70 21-BR-J80 L] 2%
H— T
20 50 100 500 1000 %‘a

FREQUENCY IN CYCLES PER SECOND

Temperature and Humidity: Maximum recommended operating temper-
ature of the microphone in its probe is 100 C. The microphone is not
damaged by exposure to high humidity, but prolonged exposure may
cause electrical leakage and render it temporarily inoperative.
Batteries: One 113-volt size D flashlight cell (Rayovac 2LP or equiva-
lent) and one 300-volt B battery (Eveready 493, Burgess V-200 or
equivalent) are supplied. Batteries should last at least 150 hours
under normal use.

Mounting: The microphone on its base plugs into one end of a 10-foot
cable and will slip into a receptacle on the tripod. The other end of
the cable is connected to the power-supply unit, which fastens to one
end of the sound-level meter.

Components and Accessories Supplied: Microphone base assembly,
cable assembly, power supply, microphone, microphone cap, carry-
ing case, and tripod.

Dimensions: Leather carrying case is approximately 7 by 5'4 by 814
inches (180 by 140 by 220 mm).

Net Weight: Complete in carrying case, 734 1b (3.3 kg).

Shipping Weight: 1034 pounds (4.9 kg).

Type | |Code Number | Price
1551-P1L | Cond Microph System
(Normal Level) 1551-9866 $475.00
1551-P1H | Condenser Microphone System
(High Level) 1551-9865 475.00
Set of Replacement Batteries 11.20
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STANDARD ACCESSORIES FOR THE SOUND-LEVEL METER

The following accessories are available for use with the Type 1551-C Sound-Level Meter to
increase its field of application and to adapt it for specialized types of measurement. These
accessories can also be used with our older Sound-Level Meters, the Types 1551-B and
1551-A. An adaptor is required for the Type 1551-A.

®Type 1560-P11B VIBRATION PICKUP SYSTEM

The Type 1560-P11B Vibration Pickup System consists
of a Type 1560-P52 Vibration Pickup (with removable
probe and probe tips), a Type 1560-P21B Control Box,
and a 5-foot cable. The vibration pickup is an inertia-
operated, lead-zirconate-titanate ceramic device which
generates a voltage proportional to the acceleration of the
vibrating body. By means of integrating networks in the
control box, voltages proportional to velocity and dis-
placement 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. This pickup is also
used on the TypE 1553 Vibration Meter (page 10).

The Tyre 1560-P11S2 Vibration Pickup System,
consisting of Endeveo Model 2217 Vibration Pickup
with Type 1560-P21S1 Control Box, meets the re-
quirements of MIL-STD-740 (Ships) and is available
— on special order. Write for details.

SPECIFICATIONS

SYSTEM
Calibration: The db readings on the sound-level meter can be converted — ,
into absolute values of displacement, velocity, or acceleration by I | [ | L\ | l H ||
means of calibration data supplied. 20 E | I\ “Tvee
Range: The range of measurement of the pickup and control box ] | L P R L e
when used with the Type 1551-C or 1551-B Sound-Level Meter is ‘ [ T1T1 1 i Ly \ Lt
approximately as follows: 0 = ] = i = \ AEETIl

Rms Displacement, 100 microinches, minimum. ol ~_| || ""“::_El"’:/'ggczl ji 7#‘ ol L ‘ | f |

Rms Velocity, 3000 microinches per second, minimum. The upper N )"‘ ~ I‘“" R 1 [T ‘l |
limit of velocity and displacement measurements depends on fre- 20 J[ \H\ g e T e i 5
quency, and is determined by the maximum acceleration permissible 2 ! ] [ 1] T ST
before nonlinearity occurs (100 g). A e S R N. Al T

Rms Acceleration, 0.3 to 39,000 in/sec/sec (100 g). 8 ol — | T AN 1 ‘ | |
PICKUP ] } | | | |

Sensitivity 75 mv/g e | [ “DisPLACEMENT ST

Caﬂ,esonant Frequency 325)0 c &0 < u.‘?c? ru-x iN) \ |

pacitance .01

Temperature Coefficient of Sensitivity <0.01 db/°F 70 - % - T T

Temperature Range —30 to 4200 F 80 1l s o ]

gelﬁti‘fe Hmbmdity Range g }.o 108 ‘%,5 s I : ; ]

able Lengt eet (1.55 m 90 - !
Dimenﬁionﬁ 1 5/8 X l 7/16 x 9/16 in. 20 50 100 200 500 1000 2000 5000 10000 20000
(42 X 37 X 15 mm) FREQUENCY IN CYCLES PER SECOND

Net Weight 1.6 oz (45 grams)
Net Weight: 134 pounds (0.8 kg). Frequency-response characteristics of the Type 1560-P11B Vibration Pickup
Shipping Weight: 3 pounds (1.4 kg). System for constant applied acceleration.

Type I | Code Number |  Price
1560-P11B Vibration Pickup System I 1560-9922 $160.00
1560-P52 Vibration Pickup only 1560-9652 100.00

TRIPOD AND EXTENSION CABLE

A 25-foot extension cable (Type 1560-P73) and tripod  Net Weight: 514 pounds (2.5 kg).
(Type 1560-P32) for mounting the Type 1560-P3 PZT  Shipping Weight: 8 pounds (3.7 kg).
Microphone (supplied with the Type 1551-C Sound-Level Type | | Code Number | Price

Meter) are available as the Type 1560-P34 Tripod and 1560-p38 | Triood ond Extension Cable | 1560:9634 45.00
Extension Cable. A 100-foot cable is also available. lsoo-rnal 1333. ::hn:i:: ‘C::hu : I 1560-9982 | $29.oo

(2'[4 File Courtesy of GRWiki.org

dMIDIld NOLLYHEIA

SINIWNJLSNI TVIILLSNODV




®Type 1552-B SOUND-LEVEL CALIBRATOR

v S The Type 1552-B Sound-Level Calibrator supplies an acoustic signal of known sound-
E = USES:  pressure level for checking the over-all performance of a sound-level meter, including its
| < 2
s microphone.
a 2 It can be used to calibrate not only the Typr 1551-C
=1 Sound-Level Meter and the Type 1555-A Sound-Survey
% Calibrator fits over microphone of the  Nieter but also the TypE 1558 Octave-Band Noise Analyz-
- Type 1551-C Sound-Level Meter. At €IS and Type 1564-A Sound and Vibration Analyzer
;(‘ the right is the Type 1307-ATransistor ~ When they are used directly with the microphones listed
i Oscillator. in the specifications, below. The calibrator can also be
g used to supply an acoustic reference level for audio systems.
3 The Type 1307-A Transistor Oscillator serves as both
o) power source and level indicator when used with the sound-
k:tJ level calibrator.
DESCRIPTION: A small, stable loudspeaker is mounted in
one end of a cylindrical enclosure. The other end of the
enclosure fits over the microphone. Acoustic coupling
between the speaker and microphone is fixed by chamber
and microphone dimensions. The calibrator provides
acoustic shielding and a high test level to reduce effects
of ambient noise during calibration. Calibration checks
under these conditions are accurate and readily repeatable.
FEATURES:
¢ Good accuracy — +1 db at 400 eps. Very stable, low
temperature coefficient and long-term stability.
¢ Easily portable — calibrator and battery-powered TyprE
1307-A Oscillator together weigh under 3 pounds.
¢ Fits many microphones.
SPECIFICATIONS
Accuracy of Calibration: +1 db at 400 cps. Shure Brothers 9898 (General Radio Type 759-B and Tyre 1551-A
Microphones: The calibrator ean be used on the following micro- Sound-Level Meters)
phones without the need of special adaptors: Terminals: Input terminals are Type 938 Binding Posts, spaced 3{
Current types inch to fit Tyee 274-MB Double Plug.
Shure Brothers 98108 (General Radio Tyees 1560-P3, -P4) Accessory Required: A 400-cycle source, with output control and volt-
General Radio Type 1551-P1H, -P1L Condenser Microphone meter. The Type 1307-A Transistor Oscillator, a battery-operated
Systems instrument with self-contained voltmeter, is recommended (see below),
General Radio Tyee 1555-A Sound-Survey Meter Accessory Available: TYPE 1560-P31 Leather Carrying Case, for both
Western Electric 640-AA calibrator and Tyre 1307-A Oscillator.
Kellogg Microphone Dimensions: Length 414, diameter 2!4 inches (115 by 64 mm),
Discontinued types over-all.
Shure Brothers 98B99 (General Radio Tyre 1551-B Sound-Level Net Weight: 14 ounces (0.4 kg).
Meter) Shipping Weight: 114 pounds (0.6 kg).
j Type 1307-A TRANSISTOR OSCILLATOR
Recommended as a power source for the sound-level Di,:'}'l";iwltbm than 5% f}t 400 cp-;l fm]d 1338 than 6% at 1000 cps
: : : : : : 7 T with 2 volts across a resistive 600-ohm load.
! calibrator, this oscillator is fﬁ gonvcment d:lOOf and 1900 Voltmeter: Calibrated in volts, with 3 volts full seale.
eycle source for general testing at audio frequencies.  guput Cirevit: Output cable (20 inches) terminated in Tyee 274-MB
QOutput voltage is indicated by a voltmeter, and a finger-tip Double Plug.
output control facilitates setting the output level. Batteries: Three mercury A batteries (Mallory RM-1 or equivalent)
are suppgeld. Battery hf}e 1::; about 100 hoiu's for 8 hours use per day.
Cabinet: Aluminum, with aluminum panel.
’ SPECIFICATIONS Carrying Case: Leather case with a strap is available for holding both
Frequency: 400 and 1000 cps. oscillator and sound-level calibrator.
j Frequency Accuracy: +39% at 2 volts output into 600-ohm resistive Dimensions: Width 314, height 6, depth 214 inches (79 by 153 by
load. 64 mm), over-all.
Output: Adjustable to a maximum of at least 2 volts into a 600-ohm Net Weight: 134 pounds (0.8 kg) with batteries.
load. Shipping Weight: 2145 pounds (1.2 kg).
Type | | Code Number | Price
1552-B Sound-Level Calibrator 1552-9702 $52.50
1307-A Transistor Oscillator 1307-9701 97.00
1560-P31 Leather Carrying Case, for both cali-
brator and oscillator 1560-9631 15.00
PATENT NOTICE. See Note 1, page viii.
See also the Type 1559-A Microphone Reciprocity Calibrator, deseribed on page 9.
8
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Type 1559-A MICROPHONE RECIPROCITY CALIBRATOR

USES:

¢ Sound-level calibrator.

This instrument employs the closed-coupler (cylindrical
eavity), reciprocity ecalibration procedure, the recognized
method of performing the absolute calibration of labora-
tory standard microphones. Without calculations, one can
rapidly determine the sensitivity of a microphone in db re
1 volt/ubar.

As a sound-level calibrator of constant acoustic output,
it covers a wide frequency range, for rapid check on micro-
phones and sound-level meters or for setting the reference
levels in analyzing systems.

OESCRIPTION: This instrument provides the circuit and
the structure required for closed-coupler reciprocity cali-
brations of General Radio Type 1560-P3 and 1560-P4
PZT Microphones. An audio oscillator and a detector are
also needed. All ealculations are automatically performed
by an analog computer, and microphone sensitivity is
read from a dial.

The necessary reversible transducer is the cartridge of
a Type 1560-P3 PZT Microphone, which is built into the
coupler; and the auxiliary transducer is a pzr cylinder that
forms the eylindrical wall of the coupler. The symmetry

¢ Primary calibrator for pzt microphones (Type 1560-P3 and TyprE 1560-P4).
¢ Precision acoustical source.

that results from the use of a reversible transducer identical
with the microphone being measured and an auxiliary
transducer in the form of an encompassing cylinder makes
the coupler usable over a wide frequency range without
the necessity of removal and replacement of transducers
during the course of the measurement.

A single switch controls simultaneously the calibration
operations and the analog computer. The detector charac-
teristics and the magnitude of the applied voltage do not
influence the result.

The pzr cylinder used in the reciprocity calibration also
serves as a stable acoustical source for the sound-level-
calibrator applications of the instrument. The sound-
pressure level produced is indicated on a meter, which is
actuated by the signal applied to the ezt eylinder.
FEATURES:
¢ Rapid and simple operation.

* High accuracy.

* Direct readout — answers available with no caleulations.
¢ Useful for daily verification of calibrations.

¢ Portable or relay-rack mounting.

SPECIFICATIONS

MICROPHONE CALIBRATOR

Range: Direct reading for microphone sensitivities between —55 db
and —65 db re 1 volt/ubar.

Frequency Range: 20 to 8000 cps.

Accuracy: +0.2 db + (0.1 db X frequency in ke) up to 2.5 ke,
+0.7 db above 2.5 ke to 7 ke, when reference is set to actual baro-
metric pressure.

PRECISION ACOUSTICAL SOURCE

Frequency Range: 20 to 8000 cps.

Output: 92 db re 0.0002 ubar for excitation of 50 volts.

Accuracy: At 92 db, +0.1 db + error in determining microphone
sensitivity.

SOUND-LEVEL CALIBRATOR

Frequency Range: 20 to 2000 cps.

Output: 92 db re 0.0002 pbar for excitation of 50 volts.

Accuracy: +0.7 db at standard atmospheric pressure.

GENERAL

Maximum Safe Input Veltage: 50 volts behind 600 ohms.

ICode Numberl Price
Microphone Reciprocity Cali-

Type I
1559-A

brator, Portable Model 1559-9701 $475.00
1559-9820 | Microphone Reciprocity Cali-
brator, Rack Model 1559-9820 475.00

PATENT NOTICE. See Note 22, page viii.

Accessories Required: Generator and detector. Generator to supply
5 volts or more into a 2000-pf load, and 2.5 volts or more into a
600-ohm load. Lower voltage can be used, with a resultant lowering
of signal-to-ambient-noise ratio. The Type 1304-B Beat-Frequency
Audio Generator, the Type 1210-C Unit R-C Osecillator, and the
Type 1311-A Audio Oscillator are recommended. The Tyee 1551-B
or -C Sound-Level Meter is recommended for the detector.
Accessories Supplied: Tyre 274-NP Patch Cord and an extension
cable, for connection to generator and detector.

Cabinet: Flip-Tilt; relay-rack model also is available. (See page 210.)
Dimensions: Portable model, case closed — width 10, height 8, depth
714 inches (255 by 205 by 190 mm), over-all; rack model — panel
19 by 105 inches (485 by 270 mm), depth behind panel 5 inches
(130 mm).

Net Wﬁ)gM: Portable model, 13 pounds (6 kg); rack model, 14 pounds
(6.5 kg).

Shipping Weight: Portable model, 22 pounds (10 kg); rack model,
29 pounds (13.5 kg).
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ACOUSTICAL INSTRUMENTS

®Type 1553 VIBRATION METER

Vibrations in machines and structures can be measured quickly and easily with this instru-

VIBRATION METER

10

USES:

ment. For the manufacturer of machinery and equipment, the Typr 1553 Vibration Meter

is extremely useful in research, design, and production testing.

Maintenance engineers will find it useful for checking
the operating condition of bearings, gear trains, and other
mechanisms. Excessive vibrations due to improper adjust-
ment or to structural resonances can be located and
measured.

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

A frequency analysis of the measured vibration can be
made with the TypE 1564-A Sound and Vibration Analyzer
or the T'ype 1900-A Wave Analyzer, page 14.

DESCRIPTION: The Type 1553 Vibration Meter con-
sists of an inertia-operated, lead-zirconate-titanate ceramic
pickup, which delivers a voltage proportional to the ac-
celeration of the vibratory motion; an adjustable attenu-
ator; an amplifier; and an indicating meter. Integrating
networks can be switched to convert the output of the
vibration pickup to a voltage proportional to either dis-
placement or velocity.

A differentiating network can be switched in to convert
the output of the vibration pickup to a voltage propor-
tional to time rate of change of acceleration, or jerk.

The Type 1553-A Vibration Meter indicates directly in
peak-to-peak, peak, or average inches, inches per second;
inches per second?, or inches per second®. The Type
1553-AK indication is in metric units: millimeters,
meters/sec, meters/sec?, and meters/sec?.

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 cps.

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 hori-
zontal. The instrument is powered by readily available
batteries and is equipped with a built-in calibrating
circuit. A relay-rack model is also available.

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
Type 1560-P35 Permanent-Magnet Clamp, which re-
places the probe or tip when measurements are made
under conditions where hand-held operation would not be
satisfactory.

FEATURES:

¢ Portable and self-contained.

¢ Easy to operate.

¢ Direct read-out includes units being measured.

¢ Low-frequency response down to 2 cycles per second.

¢ Meter indication independent of load connected to
output jack.

¢ Meter is true peak, peak-to-peak, or average indicator.
¢ 20-cycle cutoff position on function switch increases
displacement sensitivity by a factor of 100 over that ob-
tainable with a 2-cycle cutoff.

¢ Measures jerk as well as conventional vibration param-
eters.

¢ Can be used to measure acceleration with a suitable
pickup over the full range (2-20,000 cps) of the amplifier.
¢ Panel jacks provided for addition of external filters.

The Type 1553 Vibration Meter can be furnished with calibra-

tion in either English or metric units. The portable model in the

convenient Flip-Tilt case is shown here. A rack-mount model is
also available, as listed on the opposite page.
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SPECIFICATIONS

Ranges of Measurement: Peak to Pealk Average
Frequency
Type No. Quantity Min Max Min Mazx Units | Range (cps
1553-A Acceleration 0.3 300,000 0.1 100,000 in/sec? 2-2000
1553-AK Acceleration 0.01 10,000 0.003 3,000 m/sec® 2-2000
1553-A Velocity 0.03 30,000 0.01 10,000 in/sec 2-2000
1553-AK Velocity 0.001 1,000 0.0003 300 m/sec 2-2000
1553-A Displacement 3 300,000 1 300,000 mils 2-2000
1553-AK Displacement 0.1 10,000 0.03 10,000 mm 2-2000
1553-A Displocement 0.03 30,000 0.01 10,000 mils 20-2000
1553-AK Displacement 0.001 1,000 0.0003 300 mm 20-2000
1553-A Jerk 30 300,000 10 300,000 in/sec? 2-20
1553-AK Jerk 1 10,000 0.3 10,000 m/sec? 2-20

Accuracy: + 109, of full scale.

Input Impedance: 25 megohms.

Voltage of Output Jack: 5 volts rms behind 75 kilohms for full-scale
deflection,

Attenuators: A 10-step attenuator changes the meter scale range by a
factor of 100,000 to 1. Window readout indicates full-scale values
and units.

Calibration: Internal.

Allowable Pickup Sensitivity for Direct Reading: 30 to 150 mv/g.
Terminals: A panel jack is provided for plugging in earphones, TyrE
1564-A Sound and Vibration Analyzer, Tyre 1556-B Impact-
Noise Analyzer, Type 1531-A sTrROBOTACH electronic stroboscope,
Tyre 1900-A Wave Analyzer, or an oscilloscope.

Batteries: 3 size D cells and one 6715-volt battery (Burgess Type
.\'.\'4‘5 or equivalent) supplied. Typical battery life, 7 days at 8 hours
per day.

Accessory Supplied: Tyre 1560-P52 Vibration Pickup.

Other Accessories Available: Type 1560-P35 Permanent-Magnet
Clamp; Typre 1557-A Vibration Calibrator, page 12.

Cabinet: Flip-Tilt; relay-rack models also are available. (See page
210.)

Dimensions: Portable model, case closed — width 8, height 917,
depth 715 inches (205 by 235 by 190 mm), over-all; rack model —
panel 19 by 1014 inches (485 by 270 mm), depth behind panel
5 inches (130 mm).

Net Weight: Portable model, 1015 pounds (4.8 kg); rack model,
11 pounds (5 kg).

Shipping Weight: Portable model, 1414 pounds (7 kg); rack model,
2115 pounds (10 kg).

(Left) Vibration pickup with permanent-magnet clamp. (Right) Vibration pickup
with probe and tips.
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The Tyee 1553 Vibration Meters can be supplied
on special order with a wide-range accelerometer,
20 - 20,000 cps (Endeveo model 2217). Write for
details.

Type Code Number Price
1553-A Vibration Meter (English Units), Portable Model | 1553-9701 $775.00
1553-9820 Vibration Meter (English Units), Rack Model 1553-9820 775.00
1553-AK Vibration Meter (Metric Units), Portable Model | 1553-9819 775.00
1553-9840 Vibration Meter (Metric Units), Rack Model 1553-9840 775.00
1560-P52 Replacement Pickup® 1560-9652 100.00

Set of Replacement Batteries 4.10
1560-P35 Permanent-Magnet Clamp 1560-9635 6.50

* Give instrument and serial number when ordering.
PATENT NOTICE, See Note 12, page viii.
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ACOUSTICAL INSTRUMENTS

@Type 1557-A VIBRATION CALIBRATOR

This vibration calibrator is a convenient device for calibrating vibration pickups, accelerom-

CALIBRATOR

12

USES:

eters, vibration meters, and other vibration-measuring systems that use small, piezo-

electric accelerometers as the sensing elements.

VIBRATION CALIBRATOR
™ BESUL
-sT-A

GENERAL RADIO QOMPANY
CONOUAD MAMIACIHMETTS UBA

The calibrator provides a single-frequency (100 eps),
single-level (1 g) check on the Typre 1560-P52 Vibration
Pickup (part of the Tyre 1560-P11B Vibration Pickup
System), the Type 1553 Vibration Meter, or any pickup
whose total mass is 300 grams or less. It can provide

SPECIFICATIONS
OUTPUT

Acceleration: 1 g rms + 109,

Velocity: 0.614 in/see (15.6 mm /sec), rms.

Displacement: 0.000978 inch (0.0248 mm), rms; 0.00277 inch (0.0704
mm), peak-to-peak.,

Frequency: 100 cps + 19, for 50-gram load; 100 cps + 0, —29%, for
300-gram load.

GENERAL

Batteries: Four RM-4 (or equivalent) mercury cells. Battery life is
100 hours of continuous operation. (Dry cells optional; please
specify.)

Accessory Supplied: Leather carrying case.

Dlmonsliom: Width 4, height 8, depth 4 inches (105 by 205 by 105 mm),
over-all.

Net Weight: 314 pounds (1.5 kg), including case.

Shipping Weight: 514 pounds (2.4 kg).

Type |

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.

DESCRIPTION: The Tyre 1557-A Vibration Calibrator is
a small, battery-operated unit consisting of a transistorized
electromechanical oscillator and a eylindrical 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,

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 adjusts
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 1 g
at 100 eps. The only other control on the instrument is a
combination of on-off switch and battery checker.

Life tests on the calibrator indicate that it will operate
continuously for over 1000 hours. Since normal operation
will usually be below the maximum and will not be con-
tinuous, the calibrator should give trouble-free service for
many years.

FEATURES:

¢ Completely portable, with long-life mercury batteries.
¢ Accommodates most of the accelerometers and vibra-
tion pickups in use today.

¢ Weighs less than four pounds, with leather carrying case.
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Functional diagram of
the calibrator.

TRANSISTOR
o AMPLIFIER

Price

| Code Number |

1557-A |  Vibration Calibrator

| $225.00

| 1557-9701

HANDBOOKS

The Handbook on Noise Measurement, published by
General Radio Company, covers thoroughly the sub-
ject of noise and vibration measurement. Authors are
Dr. A. P. G. Peterson and Ervin E. Gross, Jr., of the
General Radio Engineering Staff. Copies of this handbook
are available from General Radio at a price of $1.00 each,
postpaid, in the United States and Canada.

A Primer of Noise Measurement presents an elementary
discussion of sound measurements, written for those with
little or no background in the field. Copies are available
free on request.
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The instruments described in this section are used to
determine the components and the wave shape of com-
plex electrical signals, acoustic noise, or mechanical
vibrations. The choice of an instrument for evaluating the
individual components of such a signal depends upon the
character of the signal, the information that is needed, and
how the results are to be used.

HETERODYNE ANALYZER — FIXED BANDWIDTH

If, for example, the signal is a periodic one that is
reasonably stable in frequency, each individual com-
ponent is readily measured with the Type 1900-A Wave
Analyzer. The very high selectivity of this analyzer, with
its bandwidths of 3, 10, and 50 cps, is independent of the
frequency to which the analyzer is tuned. These selectivity
characteristics, which are obtained through the use of
quartz-crystal filters, are invaluable in the measurement
of intermodulation distortion of amplifiers and other audio
equipment. When this analyzer is used as an electronic
voltmeter in the measurement of the transmission charac-
teristics of electrical wave filters and as a null detector for
impedance bridges, the excellent selectivity is of particular
value in avoiding the effects of interfering signals, hum,

noise, and distortion products. When used as a bridge’

detector it will also supply the generator signal for operat-
ing the bridge, with identical generator and detector
frequencies. The 50-cycle bandwidth of this analyzer is
very useful in the measurement of noise, particularly when
the spectrum is automatically plotted.

CONSTANT-PERCENTAGE BANDWIDTH ANALYZER

The Type 1564-A Sound and Vibration Analyzer finds
its greatest use in the measurement of the components of
noise, either electrical or acoustical, when the bandwidth
of the Type 1900-A Wave Analyzer is too narrow for rapid
analysis, and in the measurement of noises and complex
waveforms whose frequency components fluctuate. It pro-
vides two bandwidths which are constant percentages of
the center frequency: 1/3 octave (239%,) and 1/10 octave

1%).

Although its tuning is continuous, if one assumes that
the analyzer separates its range from 2.5 to 25,000 cps
into contiguous bands, according to its effective band-
width, it will have about 135 bands without appreciable
overlap for the 1/10-octave bandwidth and about 41 bands
for the 1/3-octave bandwidth. This contrasts with ap-
proximately 16,600, 5000, and 1000 bands for the 3-, 10-,
and 50-cycle bandwidths, respectively, of the wave analyz-
er, whose frequency coverage is 20 eps to 50 ke.

ANALYZERS

RECORDING ANALYZERS

Either of the above-mentioned analyzers can be com-
bined with the Tyee 1521-A Graphic Level Recorder to
form a recording analyzer. The analyzer dial is driven
automatically by the recorder, and chart paper is available
to fit the scale of each type of analyzer. These combi-
nations are illustrated on pages 15 and 17. With such a
combination, complex spectra can be plotted automatically
over the complete frequency range of the analyzer.

TUNED AMPLIFIER

Approximate magnitudes of spectrum components can
be determined by measurement with the Type 1232-A
Tuned Amplifier and Null Detector (page 79). This highly
sensitive instrument has a bandwidth of about 5%, and is
tunable from 20 eps to 20 ke.

OCTAVE-BAND ANALYZER

For many noise measurements a simpler division of the
spectrum is desired than that provided by either the Type
1564-A Sound and Vibration Analyzer or the Type 1900-A
Wave Analyzer. Much time can be saved in the evaluation
of the general spectral distribution of a noise through the
use of an octave-band analyzer such as the Types 1558-A
and 1558-AP Octave-Band Analyzers. These divide the
audio spectrum into ten bands. Like the more selective
analyzers, the octave-band analyzer can also be used as a
selective voltmeter when it is desired to exclude certain
bands of frequencies or individual frequencies from a
signal.

DISTORTION METER

The Type 1932-A Distortion and Noise Meter is a
specialized yet versatile device for the measurement of
distortion into audio-frequency systems. Here the com-
plete signal is used as a reference value, the fundamental
component is suppressed; the remainder, which includes
distortion components, hum, and noise, is then measured
to give a single-number distortion rating. When used with
a cathode-ray oscilloscope, it is a versatile testing tool,
indicating immediately optimum conditions whenever
adjustments are made that affect distortion and noise.

STEEP WAVEFRONTS

With impact-type acoustical noise and electrical noise,
which have extremely steep wavefronts, a frequency
analysis is usually of little value. The important charac-
teristics of such signals are the peak amplitude and the
duration or decay time. To evaluate these gquantities, the
Type 1556-B Impact-Noise Analyzer is used.
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ANALYZERS

Type 1900-A WAVE ANALYZER

WAVE

14

FEATURES:

LR I

USES: The wave analyzer is used for measuring the compo-
nents of or analyzing the spectrum of complex clectrical
signals, including those which are replicas of acoustic
noise or mechanical vibrations.

Individual components of periodic complex waveforms
such as harmonie or intermodulation distortion are readily
separated and measured, owing to the éxcellent selectivity
available.

This analyzer is particularly suited for analyzing noise,
because its bandwidth in cyecles per second is independent
of the center frequency. The required averaging time is,
therefore, constant, and the caleulation of spectrum level
is simple. Furthermore, when the 50-cycle bandwidth is
used, the averaging time required is reasonably short.

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 instruments, such as frequency
counters, when a highly aceurate 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 psychological and architectural-acoustics tests.

In the “tracking analyzer” mode of operation the output
is a sine-wave signal tunable over the 50-ke range and

Wide frequency range — 20 to 50,000 cps.
Outputs for de recorder and graphie level recorder.

Tunable filter — output at selected frequency is provided.

Tracking analyzer — analyzer ean be used as both source and detector.
Self-contained voltage-calibrating system.
30 microvolts to 300 volts, full scale.
Three meter speeds for easier noise analysis.

Linear frequency seale for optimum tuning characteristies over full range.
arc holds analyzer in tune despite small drifts in input frequency.

¢ Three bandwidths — 3, 10, and 50 eps.

¢ Input impedance of one megohm.

always in tune with the analyzer. When this signal is used
to drive a bridge or other network, the output can be
measured by the analyzer, whose selectivity reduces the
interference from extraneous noise, hum, and distortion.

For automatic waveform analysis, outputs are provided
for driving the Type 1521-A Graphic Level Recorder as
well as de recorders.

DESCRIPTION: The Type 1900-A Wave Analyzer is a
heterodyne type of voltmeter. The intermediate-frequency
amplifier at 100 ke includes a highly selective quartz-
erystal filter whose bandwidth can be switched to 3, 10,
and 50 c¢ps. The use of a heterodyne system makes it
possible to vary the response frequency although the filter
frequency is fixed. The 100-ke output of the filter is indi-
cated on a meter and is also available at the panel. In one
mode of operation the output is also heterodyned back to
the original frequency. In another mode the local oscillator
beats with a 100-ke quartz-erystal 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. The block dia-
gram shows how the elements of the analyzer operate to
produce the several outputs.

SPECIFICATIONS

FREQUENCY

Range: 20 to 50,000 eps. The frequency is indicated on a counter and
a dial with a linear graduation, 1 division/10 cps,

Accuracy of Calibration: + (159, + 5 eps).

WAVE ANALYZER

s, ms
— e

Il

Iner tal-Freq y Dial (AF): +100 cps. Accuracy is +2 cps below
2 ke, +5 eps up to 50 ke.

Avutomatic Frequency Control: Range of frequency lock is +200 eps for
50-cyele band, +50 eps for 10-cyele band.

FUNCTION
.
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COMPONENT

OSCILLATOR

SELECTIVITY: Three bandwidths (3, 10, and 50 cps) selected by switch.

3-Cycle Band: At least 30 db down at +6 cps from center frequency,

at least 60 db down at +15 eps, at least 80 db down at +25 cps and

beyond.

10-Cycle Band: At least 30 db down at +20 eps, at least 60 db down

at +45 cps, at least 80 db down at +80 eps and beyond.

50-Cycle Band: At least 30 db down at +100 eps, at least 60 db down

at +250 eps, at least 80 db down at +500 eps and beyond.
Effective bandwidth for noise equal to nominal bandwidth within

+109, for 10- and 50-cycle bands and +209, for 3-cycle band.

INPUT
Impedance: One megohm on all ranges.

Voltage Range: 30 microvolts to 300 volts full scale in 3, 10 series.
A decibel scale is also provided.

Voltage Accuracy: + (39, of indicated value +29, of full scale + 3
microvolts). On the most sensitive range, a small residual error, due
to internal noise, oceurs,

OUTPUT

100-ke Output: Amplitude is proportional to amplitude of selected
component in analyzer input signal. With the Type 1521-A Graphic
Level Recorder connected through the adaptor eable supplied, at
full-scale meter deflection output is at least 3 volts. Dynamie range
is approximately 80 db.

Recording Analyzer: The analyzer in combination with the Tyepr
1521-A Graphic Level Recorder produces continuous, convenient

records of frequency speetra over the complete range of the analyzer.
The end frames of the bench models ean be bolted together to form
a rigid assembly. The recorder is described on page 144. Use chart
paper 1521-9464 or 1521-9465.

DC Output: One milliampere in 1500 ohms for full-scale meter deflec-
tion.

Filtered Input Component: Output at least 1 volt across 600-ohm load
for full-seale meter deflection with output control at maximum.
Tracking Analyzer (Indicated Frequency): 20 cps to 50 ke; output is at
least 2 volts across 600-ohm load with output eontrol at maximum.
GENERAL

Residual Modulation Products and Hum: At least 75 db down.
Terminals: Input, TyrE 938 Binding Posts; output, telephone jacks.

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 eps,
approximately 40 watts.

Accessories Supplied: Typr 1560-P95 Adaptor Cable Assembly, phone
plug, Tyee CAP-22 Power Cord, spare fuses.

Other Accessories Available: Type 1900-P1 Link Unit for coupling to
Tyee 1521-A Graphic Level Recorder.

Cabinet: Rack-bench (see page 210).

Dimensions: Bench model —width 19, height 1614, depth 1514 inches
(485 by 415 by 390 mm), over-all; rack model — panel 19 by 1534
inches (485 by 400 mm), depth behind panel 1314 inches (340 mm).

Net Weight: 56 pounds (26 kg).
Shipping Weight: 84 pounds (39 kg).

Type | 7 | Code Number |  Price
1900-AM Wave Analyzer, Bench Model 1900-9801 $2150.00
1900-AR Wave Analyzer, Rack Model 1900-9811 2150.00

A recording-analyzer assembly can be made up of
the wave analyzer ond the Type 1521-A Graphic
Level Recorder for the automatic recording of com-
plete spectra. A Type 1521-P10 Drive Unit and o
Type 1900-P1 Link Unit are also required. See pages
144 and 145 for a description of the recorder and
listing of chart paper to fit the analyzer dial.

Either rack-mount or bench-mount models can be
————used for this combination. Bench-mount units are
———— furnished with end frames, which can be bolted
together to form a rigid assembly without the use
of a rack.
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ANALYZERS

SOUND AND VIBRATION

Type 1564-A SOUND AND VIBRATION ANALYZER

16

¢ Wide frequency range — 2.5 cps — 25 ke.
High input impedance — 25 megohms in parallel with 80 pf.

High sensitivity — 0.3 millivolt full scale.

Direct reading in either volts or, when used with microphone, in db re 0.0002 ubar.
Operates from either power line or rechargeable battery.

Internal amplitude calibration system.

Quasi-rms detector with three averaging times.

FEATURES:

Completely transistorized.

L B R R S

USES: The Tyre 1564-A Sound and Vibration Analyzer is
designed primarily for measuring the amplitude and fre-
quency of the components of complex sound and vibration
spectra. Its 1/3-octave (239,) and 1/10-octave (7.19,)
noise bandwidths provide the flexibility needed for analysis
of both line (single frequency) and continuous spectra.
The high input impedance of the analyzer permits direct
connection of piezoelectric transducers for measuring
sound pressures from 44 to 150 db re 0.0002 wbar and
acceleration from 0.0005 g to 100 g.

Automatic range switching is provided so that the TypE
1521-A Graphic Level Recorder can record automatically
the spectrum of the signal under analysis.

The analyzer can be used in conjunction with the
Type 1390-B Random-Noise Generator for transfer and

¢ True logarithmic frequency scale.

Detent at asa preferred frequencies can be engaged with hanel control.
|

reverberation measurements using 1/3- or 1/10-octave
bands of random noise.

High sensitivity, wide amplitude and frequency ranges,
and high input impedance make the Type 1564-A a very
useful tuned voltmeter or general-purpose wave analyzer
at audio and subaudio frequencies.

The Tyer 1560-P41 Audio-Frequency Voltage Probe
isavailable for convenient connection toan electrical circuit.

DESCRIPTION: The Tyre 1564-A Sound and Vibration
Analyzer consists of a high impedance preamplifier, a
continuously tunable filter having a noise bandwidth of
either 1/3 or 1/10 octave, an output amplifier, and an in-
dicator. The center frequency of the filter is continuously
adjustable. An all-pass, or flat, characteristic permits
measurement of the over-all signal amplitude.

SPECIFICATIONS

FREQUENCY

Range: From 2.5 eps to 25 ke in four decade ranges.

Dial Calibration: Logarithmic.

Accuracy of Calibration: +29%, of frequency-dial setting,

Filter Characteristics: Noise bandwidth is either 1/3 octave or 1/10
octave.

One-third-octave characteristic has at least 30-db attenuation at
one-half and twice the selected f r(-tfuency (see plot). One-tenth-
octave characteristic has at least 40-db attenuation at one-half and
twice the selected frequency.

For both characteristics peak response is flat +1 db over the entire
tuning range.
All-pass response is flat + 1 db from 2.5 cps to 25 ke.

INPUT

Impedance: 25 megohms in parallel with 80 pf (independent of
attenuator setting),

Voltage Range: (0.3 millivolt to 30 volts full seale in 10-db steps,

Microphone: Tyre 1560-P4 PZT Microphone Assembly is recom-
mended.

1/3- and 1/10-OCTAVE BANDWIDTHS
2.5 cps to 25 ke

OPERATES FROM SOUND-LEVEL METER
OR DIRECTLY FROM MICROPHONE

File Courtesy of GRWiki.org
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This combination of the Type 1564-9820 Sound and
Vibration Analyzer and the Type 1521-AR Graphic
Level Recorder forms o rack-mount recording
analyzer, for the automatic plotting of complete
spectra. The recorder is described on page 144.
Chart paper specifically designed for the sound
and vibration analyzer is listed on page 145.

OUTPUT

Voltage: 1.2 volts open circuit when meter reads full scale.
Impedance: 6000 ohms. Any load can be connected.

Meter: Three scales, 0 - 3 volts; 0 - 10 volts; —6 to +10 db.

Recording Analyzer: Automatic range switching at the end of each
frequency decade allows convenient continuous recording of spectra
with the Type 1521-A Graphic Level Recorder. See page 144 for a
description of the Type 1521-A Recorder. Use Type 1521-P14 Link
Unit and chart paper 1521-9493.

Amplitude Calibration: Built-in, feedback-type calibration system
permits amplitude calibration at any frequency.

Detector: Quasi-rms with three averaging times. Fastest speed con-
forms with asa standard for sound-level meters.

Power Requirements: Operates from 115 (or 230) volts, 50-60 eps, or
from nickel-cadmium battery supplied. Battery provides 25 hours of
operation when fully charged and requires 14 hours for charging.

A ies Supplied: Tyre CAP-22 Power Cord, shielded eable, and
Tyre 1564-2020 Detented Knob and Dial Assembly.

Accessories Available: Tyre 1560-P4 PZT Microphone Assembly for
direct acoustic pickup (page 19); Tyepe 1560-P52 Vibration Pickup
for solid-borne vibrations (page 7); Tyre 1560-P41 Audio-Frequency
Voltage Probe for voltage measurements (see below).

Cabinet: Flip-Tilt; relay-rack model also is available. (See page 210.)
Dimensions: Portable model, case closed — width 1014, height 814,
depth 8 inches (260 by 210 by 205 mm), over-all; rack model —
panel 19 by 1015 inches (485 by 270 mm), depth behind panel
6 inches (155 mm).

Net Weight: Portable model, 1414 pounds (7 kg); rack model, 15'3
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Band-pass characteristics of the analyzer.

pounds (7.5 kg).

Shipping Weight: Portable model, 23 pounds (10.5 kg); rack model,
30 pounds (14 kg).

Type I I Code Number | Price
1564-A Sound and Vibration Analyzer, Portable Model 1564-9701 I $1150.00
1564-9820 Sound and Vibration Analyzer, Rack Model 1564-9820 1150.00

PATENT NOTICE. See Notes 12, 15, and 22, page viii.

TEST PROBE FOR VOLTAGE MEASUREMENT WITH THE ANALYZER

The Type 1560-P41 Audio-Frequency Voltage Probe
consists of a 10:1 re divider. It presents a high impedance
to the circuit under test and connects to the analyzer
with a 4-foot cable. Tt is supplied with a variety of probe
tips, including plugs, to fit jack-top binding posts on
34-inch centers.

Input Impedance: 25 megohms in parallel with 20 pf.
Net Weight: 14 pound (115 grams).

Type | | Code Number| Price
1560-?41] Audio-Frequency Voltage Probe | 156Q-9641 | $45.00

File Courtesy of GRWiki.org
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@Type 1558 OCTAVE-BAND NOISE ANALYZER

The Tyre 1558 Octave-Band Noise Analyzer is used for the rapid analysis of broadband
noises, where a knowledge of individual frequency components is not required. For the

ANALYZERS

OCTAVE-BAND

18

USES:

measurement of octave-band sound-pressure levels above 44 db re 0.0002 pbar, the analyzer

can be used directly with a piezoelectric microphone. For lower levels, it can be operated
from the output of the Type 1551-C Sound-Level Meter.

It is particularly useful for:

Measurement of aireraft, vehicle, and machinery noise.

Measurement of environmental noise, as in offices and
factories, where speech-interference level is important.

Studies of environmental noise as related to hearing
damage.

Production testing and noise-level acceptance tests.

Loudness determinations.

Acoustical studies of rooms and materials.

DESCRIPTION: Two models of the octave-band noise
analyzer are available. The Type 1558-A has bands as
specified by the ASA Standard for Octave-Band Filters,
7 24.10-1953. In the Typr 1558-AP, the bands are centered
at the ASA Preferred Frequencies for Acoustical Measure-
ments, ASA S 1.6-1960.* In addition, the -A model has
band-pass filters that extend the range at both ends
beyond the range specified in the standard.

Essentially, the analyzer consists of a high-impedance
preamplifier, a filter, an output amplifier, and a meter.
The preamplifier frequency response can be set to be
either flat or c-weighted. A built-in reference allows cali-
bration for microphones ranging in sensitivity from —52
to —62 db re 1 volt/ubar. re active filters are used, result-
ing in small size, light weight, and lack of interference from
stray magnetic fields. The high input impedance and pre-
amplification permit the use of piezoelectric microphones
and vibration pickups. The analyzer is portable and
powered by rechargeable nickel-cadmium batteries.

FEATURES:

¢ Small, compact, and portable — weighs less than
9 pounds.

¢ Measures level in 10 octave bands.

¢ Direct use with piezoelectric microphones for levels in
the range from 44 to 150 db.

¢ Uses rechargeable nickel-cadmium battery.

¢ Fully transistorized.

¢ Internal calibration system.

¢ Quasi-rms meter; indication is essentially rms for all
waveforms except short impact pulses.

¢ Load impedance has no effect on meter indication.

¢ ¢ or 20-ke preamplifier weighting can be selected by
means of an internal switch.

ACCESSORY MICROPHONE

The Typre 1560-P4 PZT Microphone Assembly consists
of a Type 1560-P3 ceramic microphone unit attached to
a short length of flexible conduit, which in turn mounts on
a swivel base. The assembly plugs into the MikE input
connector on the panel of the octave-band analyzer.

It has a flat response to sounds of random incidence from
20 cps to 8 ke. It will withstand temperatures from —30
to 200 [ and relative humidity from 0 to 100%,. It shows
little change in sensitivity and internal impedance with
temperature. See also page 5.

* Also specified by 180 Recommendation 402 and German Standard DIN45-401.

SPECIFICATIONS

Filter Characteristies: Level at center frequency in bands from 37.5
to 9600 eps is uniform within 1 db. Maximum deviation from arw
pass level at center frequency in any band is 1 db. For bands from
37.5 to 9600 response at nominal cutoff frequency is (3.5 + 1) db
helow response at center frequency. Attenuation is at least 30 db at

T Measured with signal applied av INPUT(SLM) terminals.

one-half the lower nominal cutoff frequency and twice the upper
nominal cutoff frequency for all octave bands. Attenuation is at
least 50 db at one-fourth the lower nominal cutoff frequeney and four
times the upper nominal cutoff frequency for all octave bands. The
75-cyele low-pass filter has at least 30-db attenuation at 200 eps and
at least 50-db attenuation at 400 cps.

The Type 1558-A Octave-Band Noise
Analyzer with the Type 1560-P4 PZT
Microphone Assembly.
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Bands: Type 1558-A
Lower Cutoff Upper Cutoff Center Frequency*
Frequency — cps Frequency — cps cps
18.75 37.5 26.5t
37.5 75.0 53.01
75.0 150 106
150 300 212
300 600 424
600 1200 849
1200 2400 1700
2400 4800 3390
4800 9600 6790
9600 19,200 13,5901
LP 75
ALL PABS

* Geometric mean.
t These bands are not required by Z24.10.

For Tyre 1558-AP, center frequencies are 31.5, 63, 125, 250, 500,
1000, 2000, 4000, 8000, 16,000.
Sound-Pressure Level Range: 44 to 150 db above 0.0002 wbar in any
band when Tyre 1560-P4 PZT Microphone Assembly is used.
Input: Impedance at MIkE terminals is approximately 50 pf in parallel
with 50 megohms. It is intended for use with high-impedance trans-
ducers such as the Type 1560-P4 PZT Microphone Assembly.
Impedance at iNpUT (sLM) terminals is approximately 100 kilohms.
Maximum input is 3 volts. Low-input terminal is connected to case,
This input is intended for connection to the output of a sound-level
meter.
Preamplifier Frequency Characteristic: Can be set to be either ¢ weight-
ing, which is specified by the American Standards Association (ASA
$1.4-1961 SLM), or 20 ke, an essentially flat response.
Output: Open-circuit output is at least 1 volt for full-scale meter
indication. Qutput impedance is 6000 ohms. Any load can be con-
nected across the output terminals.
Meter Response: FAST or SLOW meter response is selected by panel
control. These characteristics are as specified in the American Stand-
ard Specifications for General Purpose Sound Level Meters, ASA
81.4-1961. Meter indication is closely rms for most waveforms.
Internal Calibration: A built-in reference allows the gain of the analyzer
to be calibrated for use with piezoelectric microphones having sensi-

Relay-rack model, Type 1558-9820 (or Type 1558-9822), is adapted from
portable model; see poge 210.

tivities from —52 to —62 db re 1 volt/ubar. The absolute accuracy
for ALL pass is then within 1 db over a wide range of atmospheric
conditions.

Batleries: Two 9.6-volt rechargeable nickel-cadmium batteries (Gould
Type 9.6V /450B) give 30 hours operation. They are recharged by
connection to a 115-volt (or 230-volt), 25- to 60-cycle power line.
Full charge takes about 14 hours.

Accessories Supplied: Carrying strap, power cord for charging battery,
shielded cable assembly for connection to sound-level meter.
Accessories Available: Tyre 1560-P4 PZT Microphone Assembly.
Cabinet: Flip-Tilt; relay-rack models also are available. (See page 210.)
Dimensions: Portable model — width 1014, height 914, depth 714
inches (260 by 235 by 185 mm), over-all, including handle; rack
model — panel 19 by 834 inches (485 by 225 mm); depth behind
panel 5 inches (130 mm).

Net Weight: Portable models, 83 pounds (4 kg); rack models, 9
pounds (4.1 kg).

Shipping Weight: Portable models, 1734 pounds (8.1 kg); rack models,
24 pounds (11 kg).

Type Code Number Price

1558-A Octave-Band Noise Analyzer (ASA

Standard), Portable Model 1558-9701 $770.00
1558-9820 Octave-Band Noise Analyzer (ASA

Standard), Rack Model 1558-9820 770.00
1558-AP Octave-Band Noise Analyzer (ASA

Preferred Frequencies), Portable Model 1558-9829 770.00
1558-9822 Octave-Band Noise Analyzer (ASA

Preferred Frequencies), Rack Model 1558-9822 770.00
1560-P4 PZT Microphone Assembly 1560-9604 80.00

PATENT NOTICE. See Note 12, page viii.
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ANALYZERS

IMPACT NOISE

®Type 1556-B IMPACT-NOISE ANALYZER

This device measures the characteristies of impact-type sounds and electrical noise impulses,
which cannot be satisfactorily measured with conventional noise-measuring equipment.

20

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 characteristies of impact sounds that seem most
significant are the peak amplitude and the duration, or
decay time. This analyzer measures both of these quan-
tities and also a quasi-peak value that is useful in de-
termining the variation among repetitive peak values.

Peak value is the maximum sound-pressure level reached
by the noise; quasi-peak is a continuously indicating
measure of the high sound-pressure levels reached just
before the time of indication ; time-average is a measure of
the average level over a predetermined period of time,
which, when subtracted from peak level, is a measure of
the time duration of the sound.

For these applications, the Type 1556-B Impact-Noise
Analyzer operates from the output of a Type 1551 Sound-
Level Meter and, when a vibration pickup is used in place
of the microphone on the sound-level meter, will measure

vibration impacts. It will also operate from octave-band
analyzers, tape recorders, and vibration meters.

ELECTRICAL NOISE PEAKS

in a wire communication circuit can be measured with
this instrument as one of the tests to determine the ade-
quacy of the circuit for transmitting data pulses to and
from computers and other business machines. 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, to
reduce operator fatigue, and to minimize acoustic noise
from the switching process, a rEser pushbutton is pro-
vided, which can also be operated by an ordinary camera
cable release.

CIRCUIT

A Dbattery-operated, degenerative, transistor amplifier
simultaneously drives three ac voltmeter circuits, which
comprise rectifiers, storage capacitors, and a dc electronic
voltmeter. The electrical storage system (a capacitor
charged by a rectifier) makes it possible to measure three
characteristics — peak, quasi-peak, and time-average —
of an impulse: with a single indicating meter.

SPECIFICATIONS

Input: Any voltage from 1 to 10 volts for normal range. Inputs below
1 volt reduce the range of reading.

Input Impedance: Between 25,000 and 100,000 ohms, depending on the
setting of the LEVEL control.

Frequency Range: 5 cps to 20 ke,

Level Indication: Meter calibrated in db from —10 to +10. Attenua-
tor switch increases range by 10 db.

Peak Reading: Rise time is less than 50 microseconds for a value with-
in 1 db of peak value (for rectangular pulses). Storage time at normal
room temperature is greater than 10 seconds for a 1-db change in value.
Quasi-Peak Reading: Rise time of less than 14 millisecond and decay
time of 600 + 120 milliseconds for rectifier circuit.

Time-Average Reading: Charge time of rectifier circuit selected by
seven-position switeh, having times of 0.002, 0.005, 0.01, 0.02, 0.05,
0.1, and 0.2 second for the resistance-capacitance time constant.
Storage time at normal room temperature is greater than 1 minute
for a 1-db change in value.

Accessories Required: A sound-level meter or frequency analyzer to sup-
ply the analyzer input if it is to be used for acoustical measurements.
Input Terminals: Cord with %xonc plug at one end.

Batteries: One 114-volt size D flashlight cell (Rayovac 2LP or equiva-
lent) and one 45-volt B battery (Burgess XX30 or equivalent) are
supplied. Typical battery life is 100 hours,

Cabinet: Aluminum; carrying case supplied. Cabinet can be fastened
directly to one end of a Tyee 1551 Sound-Level Meter.

Type |

The Type 1556-B Impact-MNoise Analyzer
with the Type 1551-C Sound-
Level Meter.

Dimensions: Width 714, height 614, depth 414 inches (190 by 170 by
110 mm), over-all,

Net Weight: 415 pounds (2.1 kg); carrying case, 1 pound (0.5 kg).
Shipping Weight: 74 pounds (3.3 kg), in case.

| code Number | Price

1556-B |

Impact-Noise Analyzer

| 15569702 | $240.00

MEASURES BOTH ELECTRICAL AND
ACOUSTICAL NOISE PEAKS

|
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Type 1932-A DISTORTION AND NOISE METER

The Type 1932-A Distortion and Noise Meter measures distortion, noise, and hum level in

USES:

audio-frequency eircuits. In conjunction with the Type 1931-B Modulation Monitor*, it

can be used to measure these quantities in the output of radio broadeasting transmitters.

It finds many uses in the electronics laboratory and in
the production testing of radio receivers as a wide-range,
highly sensitive voltmeter for such measurements as
signal-to-noise ratio, avc characteristics, and hum level.
With the aid of an oscilloscope, individual hum and dis-
tortion components can be identified.

DESCRIPTION: The principal elements of the unit are a
high-gain amplifier with an rc interstage coupling unit
that balances to a sharp null, a calibrated attenuator for
adjusting the sensitivity, and a vacuum-tube voltmeter.
Degeneration maintains stability in amplifier gain and a
flat transmission characteristic, except within an octave of
the null frequency. The null frequency is continuously
variable. The null network eliminates the fundamental of
the audio-frequency signal, leaving only the distortion

* Price and specifications on request.

products, which are indicated directly on the panel meter.

The null network is switched out of the circuit for noise
and hum measurements, and the instrument then operates
as a highly sensitive voltmeter. Two input circuits are
provided: (1) a transformer for bridging a 600-ohm line;
and (2) a direct connection to the 100,000-ohm gain
control.

FEATURES:

¢ Continuous adjustment of frequency over the entire
audio range is provided.

¢ Quick frequency selection.

¢ Frequencies up to 55,000 ¢ps are passed by the amplifier
circuits, so that distortion measurements can be made on
fundamental frequencies up to 18,000 cps.

¢ Distortion as low as 0.19 can be measured.

SPECIFICATIONS

RANGES OF MEASUREMENT

Distortion: Full-scale deflection for 0.3%, 1%, 3%, 10%, or 30%
distortion.

Frequency: 50 to 18,000 cps fundamental; with bridging-transformer
mput, harmonics up to 30 ke; with 100,000-ohm input, harmonies
up to 55 ke.

Noise: 80 db below reference calibration level, or 80 db below an
audio-frequency signal of zero dbm level, at maximum sensitivity.
ACCURACY

Distortion: +59, of full scale, + residual distortion, where distortion
is defined as the ratio of harmonics-plus-noise to total input signal.
Noise, dbm: +59 of full scale for specified bandwidths.

Residual Distortion and Hum Level: 50 to 150 eps, 0.07%. 150 to 5000
eps, 0.02%. 5000 to 18,000 cps, 0.10%.1

Residual Noise Level: At least 80 db down.

INPUT

Impedance: 100,000 ohms, unbalanced, and 600-chm bridging input
(10,000 ohms), balanced or unbalanced.

GEMNERAL

Meter: Scale is calibrated in percentage and db. The ballistic charac-
teristic is similar to that of a vu meter.

1Can be reduced to 0.029; by use of low-level ealibration techniques.

Accessories Supplied: TYyrPE CAP-22 Power Cord, cable for connecting
to the Type 1931-B Modulation Monitor, spare fuses.

Other Accessories Required: For measuring the distortion in oscillators
and other audio-frequency sources, no additional equipment is re-
quired. For measurements on amplifiers, lines, and other communica-
tions networks, a low-distortion oscillator is required. When the
modulated output of a radio transmitter is to be measured, a linear
demodulator having minimum undistorted output of 1.5 volts rms
can be used.

Terminals: Terminals are provided at the rear for permanent wiring
connections. A Western Electric jack is provided at the panel also,
as an auxiliary input ecircuit. Plugging into this jack automatically
disconnects the rear connectors.

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
The line input power is 65 watts,

Mounting: Relay-rack panel. End frames are available for bench use.
(See price list below.)

Panel Finishes: Standard General Radio gray erackle. Certain standard
finishes which can be processed in quantity can be supplied.
Dimensions: Width 19, height 7, depth 13 inches (485 by 180 by
330 mm) over-all; depth behind panel, 12 inches (305 mm).

Net Weight: 3514 pounds (16.5 kg).

Shipping Weight: 41 pounds (19 kg).

Type | | Code Number | Price
1932-A Distortion and Noise Meter 1932-9701 I $795.00
FRI-412-2 Aluminum End Frames 5310-9478 15.00 Pair

FOR DISTORTION AND NOISE-LEVEL MEASUREMENTS ON AUDIO
EQUIPMENT AND CIRCUITS

L
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AMPLIFIERS

The two amplifiers listed in this section are broadband
instruments, adaptable to a variety of applications en-
countered in the electronies laboratory. The Tyre 1206-B
Unit Amplifier, with 3 watts output, covers audio, sub-
audio, and ultrasonic frequencies. The TypE 1233-A Power
Amplifier, a 15-watt instrument, operates well up into
the rf range.

Other amplifiers, with many applications in addition to
those for which they are primarily designed, are listed in
other sections of the catalog. Among them are:

®Type 1206-B UNIT AMPLIFIER

This well-designed, high-quality, compact amplifier de-
livers 3 watts at audio and ultrasonic frequencies. It has
many uses in the laboratory — as a bridge amplifier, as
a driver for low-power electronic and electro-acoustical
devices, and as an amplifier for use with the Typr 1210-C
Unit R-C Oscillator. Single-ended, push-pull circuit* pro-
duces excellent low-frequency response.

‘Aruold Peterson and Donald B. Sinclair, "'A Single-Ended Push-Pull Audio Ampli-
fier,"" Proceedings of the Imstitute of Radio Engineers, January 1952,

SPECIFIC

INPUT

Voltage: Less than 1 volt for full power output.

Impedance: 100,000 ohms in parallel with 35 pf.

OUTPUT

Power: With-300-volt plate supply, 600-ohm load: 3 watts from 10 eps
to 50 ke; 1.5 watts from 5 eps to 100 ke; 0.5 watt at 250 ke.

Load Impedance: 600 ohms optimum. Blocking capacitor is 100 uf.
(Internal impedance about 100 ohms.)

Distortion: Less than 19, harmonic distortion with 2 watts output
(2% with 3 watts) into 600 ohms from 20 cps to 40 ke.

AC Hum in Output: Less than 15 millivolts, rms, with Tyre 1203-B
Unit Power Sup{;ly; less than 3 millivolts, rms, with Tyee 1201-B
Unit Regulated Power Supply.

GENERAL

Voltage Gain: Continuously adjustable. Maximum gain is 50 to 1
(34 db), with no load; 42.5 to 1 (32.6 db) into 600 ohms.

Frequency Response: (See curve above.) Down less than 3 db at 2 eps
and 500 ke at 10 volts (or less) output, with gain control set at
maximum. See also power output specification.

Power Requirements: 6.3 volts, 2,7 amperes; 300 volts, 50 milliamperes.
Tyre 1203-B Unit Power Supply or Type 1201-B Unit Regulated

Tuned Amplifier, Typr 1232-A, page 79, is a selective
amplifier, tunable continuously from 20 cps to 20 ke, and
at 50 ke and 100 ke; it also has a broadband characteristie,
20 eps to 100 ke.

DC Amplifier, Tyee 1230-A, page 140, amplifies weak
voltages and currents to operate a recorder.

High-gain Logarithmic Amplifier, Type 1551-C Sound-
Level Meter, page 4, has a full-scale sensitivity of 20
microvolts and a range of 126 db.

See also the section on DETECTORS, page 78.
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Power Supply is recommended. The amplifier plugs directly into a
Unit Power Supply (page 173). It can be rigidly attached, with lock-
ing strips supplied, to form a complete assembly, The combination
will operate c»9.'usfs,("tor111.f from a 400-cycle supply.

Pulse Response: NO LOAD 600 Q
Droop in 30-cycle square wave 15% 20%
Approx rise time: 50 v peak-to-peak 1 usec 2 psec

100 v peak-to-peak 2 usec 4 usec
Max output, peak-to-peak magnitude 260 v 120 v

Accessories Supplied: Two multipoint connectors.

Terminals: Jack-top binding posts with 34-inch spacing.

Cabinet: Unit Instrument (see page 210).

Dimensions: Width 1014, height 534, depth 614 inches (260 by 145 by
160 mm), over-all. Aq shown here, mcludmg power supply, 15 by
534 by 614 inches (380 by 145 by 160 mm), over-all. Felay-rack
adaptor set listed below mounts both instrument and power supply
(panel 19 by 7 inches),

Net Weight: 4 pounds (1.9 kg).

Shipping Weight: 14 pounds (6.5 kg).

Type | | Code Number |  Price
1206-B Unit Amplifier 1206-9702 $95.00
1203-B Unit Power Supply (for 115-volt line) 1203-9702 55.00
480-P4U3 Relay-Rack Adaptor Panel (for Amplifier
and Power Supply) 0480-9986 12.00
PATENT NOTICE. See Notes 5, 9, and 14, page viii.
Type 1206-B Unit Amplifier
with Type 1203-B Unit Power
Supply.

UNIT POWER SUPPLY
TYPL 03~
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®Type 1233-A POWER AMPLIFIER

USES: The wide frequency range and high power output
of this amplifier make it adaptable to many uses in elec-
tronic and electro-acoustical laboratories. Typical uses are:
¢ Exciting antennas for radiation-pattern and impedance
measurements.

Output pulse waveforms 20-cps to 3-Mc range; input-pulse rise time,
0.03 usec; three pulse lengths shown.

SPECIFIC

Input Voltage: Less than 0.2 volt for full output.
Input Impedance: 100,000 ohms in parallel with 37 pf (grounded).

Power Requirements: 105 to 125 (or 210 to 250) volts, 40 to 60 eps;
120 watts at zero output; 140 watts maximum.

Instrument will operate with a maximum output of 10 watts on
power-supply frequencies up to 400 eps.
Voltmeter: Full-wave-average type; 150, 50, and 15 volts, full scale;
accuracy + 109, compensated to 3 Me.
Terminals: Input and output, Type 874 Coaxial Connectors with

¢ Driving acoustical generators.

¢ Amplifying received signals for operating remote modu-
lation and frequency monitors.

¢ Amplifying weak signals for oscilloscope deflection.

DESCRIPTION: The excellent frequency response of this
amplifier is obtained in three push-pull, broadband ecir-
cuits with series-peaked interstage couplings. The two
power ranges use toroidal output transformers; the
voltage-amplification range uses a series-peaked video-
output network with gradual roll-off above 3 Mec. Ranges
are selected by panel switch. Meter reads output volts
and can be switched to read plate current of output tubes.

ATIONS

ground post for double-plug connection; Type 938 Binding Posts for
balaneced output.

Accessories Supplied: Two Tyre 274-MB Double Plugs, two TyprE
874-C58A Cable Connectors, Type CAP-22 Power Corg, spare fuses.
Cabinet: Relay-rack panel with end frames supplied for bench use.
Dimensions: Width 1914, height 714, depth 1514 inches (495 by 190
by 395 mm) over-all.

Net Weight: 4614 pounds (21.5 kg).

Shipping Weight: 56 pounds (26 kg).

Distortion
Range Switch Operating Ouitput Optimum Load Rise at Raled
Position Freq Range Power* Voltage Impedance Time Output Noise Level
20 ¢ to 20 ke 20 cps — 20 ke 8 watts 600 or 150 4%, 60 db below 15 watts or
50 cps — 15 ke 15 watts equivalent to 200 uv input.
20 ke to 1.5 Mc 20 ke — 1.5 Mc 8 watts 50 12 grounded 4% 70 db below 15 watts or
20 ke — 0.5 Mc 15 watts equivalent to 63 uv input.
20 c to 3 Mc 20 cps — 3 Mc 150 volts, CRO deflection 0.1 4% Less than 0.6 v, peak-to-
peak-to-peak, plates; 1 ML, usec. peak, bal, or equivalent
bal; 50 volts 36" leads to 600 uv peak-to-peak
grounded input,
Disconnected Any single frequency, 20 cpsto 5 Mc; 15 watts, with external tuned output transformer

* Rated output is obtainable at 105-volt line; output is greater for higher line voltages.
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Typical response curves for the three amplifier ranges. The
20-cps to 3-Mc range is given a smooth roll-off at the high end
to assure good transient response.
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Phase shift versus frequency for Type 1233-A Power Amplifier.

| Code Number |  Price

1233-A |

PATENT NOTICE, See Note 4, page viii,

Power Amplifier

20 cps to 20 ke
20 kc to 1.5 Mc
20 cps to 3 Mc

| 12339701 | $690.00

I
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ATTENUATORS

Calibrated attenuators are basic instruments for
measurement of voltage ratios, linearity, ecircuit gain or
loss, transmission efficiency, and for the calibration of
meters and other measuring devices. Described in this

section are resistive decade attenuators and precise voltage
dividers, and also an audio-frequency Microvolter* for
use with an audio oscillator to standardize low output
voltages.

Type 546-C AUDIO-FREQUENCY MICROVOLTER

¢ Anexcellent frequency characteristic, extending from very low frequencies up to 100,000
cps. Converts an audio oscillator to an audio signal generator.

FEATURES:

measurements.

¢ Ixcellent accuracy for absolute voltage levels as well as for voltage ratios in gain or loss

¢ Both decibel and voltage scales are provided.

DESCRIPTION: This instrument consists, essentially, of
a constant- 1mp(‘d;mc0 attenuator and a voltmeter which
standardizes the input to the attenuator. A switch con-
trols the output voltage in decade steps, while an indi-
vidually calibrated dial provides continuous control over
each decade.

USE: The Tyre 546-C Audio-Frequency Microvolter
used in conjunction with an oscillator is a useful souree of
small, known audio-frequency voltages for response meas-
urements of amplifiers, transformers, and other audio
equipment. The Microvolter can also be used to measure
small voltages by substitution methods.

SPECIFICATIONS

Output-Voltage Range: I'rom 0.5 microvolt to 1.0 volt open eircuit,
when the input voltage is set to the standardized reference value
(2.2 volts).

Accuracy: For open-circuit output voltages the calibration is accu-
rate within _{3%-{— 0.5 microvolt) for output settings above
1 microvolt and for all frequencies between 20 and 20,000 eps. For
higher frequencies up to 100 ke the calibration is accurate within

5% for output settings above 100 microvolts. These specifications
apply only where waveform and temperature errors are negligible
(see below).

For the determination of ratios of output voltages at a given
frequency, the accuracy of any given reading can be assumed to be
within +(29% + 0.5 microvolt), at frequencies up to 100,000 cps.
At frequencies above 20 ke this accuracy applies only at levels
above 100 microvolts,

The microvolter can be used on de with an external de meter.
Internal meter can be calibrated for de.

Qutput Impedance: Approximately 600 ohms, constant with setting
within +59%. No correction of the output voltage is necessary for
load impedances of the order of 100,000 ohms and greater.

Input Impedance: Approximately 600 ohms, substantially independent
of output setting on all but the highest multiplier position.

Waveform Error: When this instrument is used as a calibrated attenu-
ator or voltage divider, its accuracy is independent of waveform. Abso-
lute accuracy of the output-voltage calibration depends on the charae-
teristics of the input copper-oxide rectifier voiwmeter, which has a
small waveform error that depends on both the phase and the magni-
tude of harmonies in the input. This error in the voltmeter can, in
general, be neglected when the microvolter is used with ordinary

Type |

CONTINUOUSLY VARIABLE
OUTPUT

PO T s R
LA -!
| | ©
: | ouTRUT
|
I |
el
STEPPED ATTENUATORS =

laboratory oscillators. The rectifier-type voltmeter itself introduces
some distortion unless the source impedance is very low. With a
600-ohm source the distortion introduced is about 0.2%,.
Temperature Error: Accuracy of the calibration is independent of
temperature when the microvolter is used as an attenuator or volt-
age divider. Absolute accuracy is affected slightly by temperature
because of change in the voltmeter characteristics, The nec
correction for temperatures from 65 to 95 I is furnished with the
instrument, The effects of humidity are negligible.

Input Requirements: About 2.2 volts across 600 ohms, or approximately
8 milliwatts.

Terminals: Jack-top binding posts are mounted on standard ?4-inch
spacing.

Cabinet: Lab bench (see page 210).
Dimensions: Width 10, height 714, depth 614
160 mm), over-all,

Net Weight: 614 pounds (3 kg).

Shipping Weight: 13 pounds (6 kg).

| Code Number | Price

inches (255 by 185 by

546-C |
* Reg, U.S. Pat. Off.

I
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Audio-Frequency Microvolter*

| 0546-9703 | $180.00

0
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®Type 1450 PRECISION DECADE ATTENUATOR

¢ Wide range of attenuation values in small steps.
¢ Accuracy is maintained even at low radio frequencies.
¢ Convenient, decade-type switches are arranged for break-before-make operation to

FEATURES:

prevent ‘“‘blasting’’ and meter damage. They can be adjusted for make-before-break opera-

tion if requested at time of ordering. _
+ An etched plate is attached to the case, indicating mismatch loss for terminations other

than 600 ohms.

USES: The Type 1450 Decade Attenuator is useful in
power-level measurements, transmission-efficiency tests,
and in gain or loss measurements on transistors, filters,
amplifiers, and similar equipment. It can also be used as a
power-level control in circuits not equipped with other
volume controls.

DESCRIPTION: The resistors used in each decade are
mounted in compartments in an aluminum housing, which
is completely shielded by the addition of aluminum covers.

SPECIFIC

Aftenuation Range: 110 or 111 decibels in steps of 1 or 0.1 decibel,
respectively.

Terminal Impedance: 600 ohms in either direction. An etched plate on
the cabinet indicates the mismatch loss for other than 600-ohm
circuits.

Accuracy: Each individual resistor is adjusted within +0.25% of its
correct value. The low-frequeney 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 -T'A) or 0.005 db (for -TB), when the attenuator
is terminated at both ends in a pure resistance of 600 ohms. For
differences in attenuation between any two settings, the switch-
resistance error virtually disappears. To maintain aceuracy at high
attenuations, special wiring methods are employed to the “low”
INPUT post.

Frequency Discrimination (with low terminal ot panel potential): Less
than 0.1 db + 19 of the indicated value at frequencies below 200 ke.
For increments in attenuation, the 1%, tolerance extends to approxi-
mately 1 Me.

Moximum Input Power: 1 watt.

Switches: Cam-type switches are used with twelve positions covering
360°. The dials are numbered from 0 to 10 inelusive, and the twelfth
point is also connected to 0. Stops are provided in the switch mecha-
nism for the 100-db decade. No stops are provided to prevent com-

Fach decade consists of four T-pads series-connected by
cam-operated switches, arranged with positive detents.
All cams are mounted on a control shaft which is provided
with ball bearings. Each pad is completely shielded, and a
shield is interposed between the input and output series
elements of each pad. Each deeade has eleven positions,
0 to 10 inclusive, so the decades overlap. There are no
stops on the 0.1- and 1-db-per-step decades, thus facili-
tating quick return from full to zero attenuation.

ATIONS

plete rotation of the 10- and 1-db decades, but spacers, which are
provided, can be used under the mounting screws to act as stops for
the knob, if desired.

Characteristic Impedance: 600 ohms both directions. One end must be
terminated in 600 ohms.

Terminals: Jack-top binding posts with 34-inch spacing; common
terminal insulated from chassis; ground terminal provided.

Cabinet: Lab bench (see page 210). Each decade is individually
shielded, and all shields are connected to the {)ane], to which the “G”
post is also connected. Both “high” and “low”’ sides are connected to
insulated binding posts, the “low” ones being connected together,
The user is thus given free choice of grounding point for the “low”
side, including connection to the panel post by the link provided.
Relay rack mounting is available on special order at an additional
charge (see below).

Dimensions: TYPE 1450-TA—width 10, height 534, depth 1214 inches
(255 by 145 by 315 mm) over-all; Type 1450-TB—width 12, height
524, depth 1214 inches (305 by 145 by 315 mm), over-all.

Net Weight: Type 1450-TA, 1034 pounds (4.9 kg); Tyre 1450-TB,
1414 pounds (7 kg).

Shipping Weight: TYpre 1450-TA, 18 pounds (8.5 kg); Tyre 1450-TB,
23 pounds (10.5 kg).

Typeof | Cod
Type I Range I Impedance I Sgg?o(r)z Nu‘r)nlfer l Price
1450-TA | 110 db in steps of 1 db I 600 ohms I T | 1450-9891 | $285.00
1450-TB | 111 db in steps of 0.1 db | 600 ohms T 114509893 | 390.00

For 19-inch relay-rack mounting add $10,00 to price and add R to type number (Type 1450-TAR, -TBR).

Type 1450-TB

Tof
DECADE ATTENUATEE,

T

Type 1450-TA
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ATTENUATORS
VOLTAGE DIVIDER

@Type 1454 DECADE VOLTAGE DIVIDER

¢ Two models, 10,000 ohms and 100,000 ohms.

26

FEATURES:

¢ Constant input resistance.
¢ Low thermal emf.

USES: The Tyre 1454 Decade Voltage Divider provides ac-
curately known voltage ratios from 0.0001 to 1.0000 for
use in determining voltage transmission ratios by direct
comparison or by null methods.

They are particularly valuable in linearity measurements
and meter calibration.

Their high input impedance, high resolution, and high
accuracy make them widely used laboratory accessories

¢ High accuracy, 0.049, of indicated ratio.

¢ Complete shielding.

for both de and audio-frequency measurements.
DESCRIPTION: Four decade resistors of the 510-type are
connected in a Kelvin-Varley eircuit. The voltage drop in
switches and wiring is compensated by a resistor so that
aceuracy is maintained down to the lowest settings. The
case provides an electrostatic shield, to which the separate
ground terminal is connected. The divider circuit ean be
used either grounded or floating, as desired.

SPECIFICATIONS
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Voltage Ratio: 0.0001 to 1.0000 in steps of 0.0001.

Accuracy: +0.04% of indicated ratio for input voltages below 120
volts on the 10,000-ohm model, Type 1454-A, and below 350 volts on
the 100,000-ohm model, Tyre 1454-AH.

Linearity: Better than +0.029% of full-scale setting for any decade.
Frequency Characteristics: If the external capacitance across the out-
put terminals of the Type 1454-A is less than 50 pf, the frequency
error is less than 0.19%; to 20 ke for any setting. For the Type 1454-AH,
the frequency limit is 2 ke for the same capacitance.

Input Resistance: TyrE 1454-A, 10,000 ohms. Tyer 1454-AH, 100,000
ohms,

Moximum Input Voeltage: For Type 1454-A, 230 volts rms (or de) for
40 C rise of resistors of the input decade. Input voltage should be
limited to 120 for maximum accuracy. At maximum rated voltage
the total error can approach +0.1%. For Tyre 1454-AH, 700 volts
rms, limited to 350 volts for maximum accuracy.

Resistance Units: TYPE 510 Decade Resistors.

Temperature Coefficient: Of each resistor, less than +0.002%, per
degree C. Since the voltage ratios are determined by resistors of
similar construction, ambient temperature effects are very small.
Terminals: Jack-top binding posts with standard 34-inch spacing at
input and output. A separate ground post is provided, so that the
divider circuit ean be used grounded or ungrounded, with the shield
grounded.

Output Resistance: Varies with output setting, from zero to approxi-
mately 2700 ohms for the Type 1454-A, from zero to approximately
27,000 ohms for the Type 1454-AH, depending primarily on the
setting of the highest decade in use. Directions for accurate calcula-
tion of the output resistance are given in the instruction manual.
Approximate values can be determined by interpolation from the
following table. The figures given in the table apply to the 10,000-
ohm model, Type 1454-A; for the 100,000-ohm model, Type 1454-AH,
multiply the values by 10.

TABLE |
0.03(0.04 |0.05

501 624| 725
1341 1444|1525
1981| 2064|2125
242124842525
2661|2704 2725
2701| 2724|2725
2541|2544 (2525
2181|2164 (2125
0.8 |1600|1629| 1636|1621 158411525
0.9 | 900| 909 896] 861] 804] 725
Cabinet: Lab bench (see page 210).
Dimensions: Width 1534, height 5, depth 514 inches (400 by 130 by
135 mm), over-all.

Net Weight: 714 pounds (3.3 kg).
Shipping Weight: 13 pounds (6 kg).

0.00

0 0

0.1] 900
0.2 1600
0.3]2100
0.4 {2400
0.5 [2500
0.6 (2400
0.7 |2100

0.08|0.09

896 909
1636|1629
2176|2149
2516|2469
2656|2589
2596|2509
2336|2229
1876|1749
1216/ 1069

356| 189

0.07 |

861
1621
2181
2541
2701
2661
2484|2421
1981
1341

501

0.01

189
1069
1749
229
2509
2589
2469
2149

0.02

356
1216
1876
2336
2596
2656
2516
2176

Type | | Code Number | Price
1454-A Decade Voltage Divider (10,000 ohms) 1454-9701 $160.00
1454-AH Decade Voltage Divider (100,000 ohms) 1454-9817 160.00

Potentiometer voltage dividers are described on page 202.
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BRIDGES AND IMPEDANCE-MEASURING INS

For the measurement of all types of impedance, resistive or re-
active, inductive or capacitive, at frequencies well up into the uhf
band, null methods have proved to be the most aceeptable on grounds
of both precision and convenience. While most of the null circuits
used from de to about 100 Me are adaptations of the fundamental
Wheatstone bridge ecircuit, many other types of networks that can
he adjusted to give zero transmission are also used. Still other
systems, such as resonant circuits using deflection-type instruments,
have advantages for certain applications.

At very-high and ultra-high frequencies, where impedances can no
longer be treated as lumped elements, null circuits based on coaxial-

line techniques have been developed in the General Radio laboratories.

DIRECT-CURRENT BRIDGES

The so-called Wheatstone bridge, Figure 1, has been used for over
a century for the measurement of direet-current resistance and is
gtill considered the fundamental eircuit for the purpose. It measures
an unknown resistance in terms of calibrated standards of resistance
from the relationship:
e _ts i
R Rp

swhich is satisfied when the voltage across the detector terminals
i8 zero.

ALTERNATING-CURRENT BRIDGES

The basie circuit of Figure 1 is also applicable to alternating-
eurrent measurement.* With complex impedances, two conditions of
balance must be satisfied, one for the resistive component and one for
the reactive component. At balance:

Zp = Rp +Q‘Xp = YaZaZy (2)
or Yp=0Gp+jBp = Z4Yp¥y (3)

Equation (2) expresses the unknown in terms of its #mpedance
components, while Equation (3) expresses the unknown in terms of
its admittance components. To satisfy these equations, at least one
of the three arms A, N, or B must be complex.

The reactance X p can be measured in terms of a similar reactance
in an adjacent arm or an unlike reactance in the opposite arm, as
indicated in Figure 2.

*B. Hague, “Alternating-Currgnt Bridge Methods,” Sir Isaac Pitman & Sons,
Lud., London, 1957.

CGEN! — GEN T GEN

Figure 1. The general

Figure 2. Circuits for copacitance bridges in

RUMENTS

Phase Balance The complex arm required to satisfy the balance con-
ditions of (2) or (3) is a combination of a resistance and a reactance,
either in series or in parallel. With a series combination in an arm
adjacent to the unknown or a parallel combination in the arm
opposite to the unknown, the bridge will measure the equivalent
series components of the unknown, while, conversely, with an adja-
cent parallel or an opposite series combination, the bridge will
measure the equivalent parallel components. Examples of various
combinations as used in the Type 1608-A Impedance Bridge are
shown on page 33.

If the two components in this complex arm are both adjustable,
the bridge will have independent and orthogonal balances for the
real and imaginary parts of the unknown. If only one of the com-
ponents in the complex arm is adjustable, this component will be
proportional to either the D or @ of the unknown impedance, which
18 4 measure of the loss of a reactive component or the reactance of
a resistor (see below). If this adjustable component is the more
prominent of the two, as it is when very-low-@) inductors are meas-
ured, the bridge balance convergence is slow, if not impossible. The
Type 1650-A Impedance Bridge uses a mechanical ganging of the
bridge controls (orTHONULL® balance finder) to facilitate the con-
vergence (see page 34).

Dissipation Factor and Storage Factor An important characteristic of
an inductor or a capacitor, and often even a resistor, is the ratio of
resistance to reactance or of conductance to susceptance. This ratio

R_G
D=cotf=—=~— =l=lun ]

X B 0 Figure 3. Vector

diogram showing

the relations be-

tween factors D

and Q, and angles
# and 6.

R
Power Factor = cosf = B

Q=lunﬂ=—=a=-=wt &

is termed dissipation factor, D, and its reciprocal is storage factor, Q.
These ratios are defined in Figure 3 in terms of phase angle ¢ and
loss angle 5. Dissipation factor is directly proportional to the energy
dissipated, and storage factor to the energy stored, per eycle. Power
factor is defined as

PF = cos ¢ = sin 5

and differs from dissipation factor by less than 19, when their mag-
nitudes are less than 0.1.

In Figure 3, R and X are the series resistance and reactance, and
G and B are the parallel conductance and susceptance, of the im-
pedance or admittance involved.

Dissipation factor, which varies directly with the power loss, is
commonly used for eapacitors and, to a lesser extent, for inductors.
Its reciprocal, storage factor, @, is more often used for inductors,
because it is a measure of the voltage step-up in a tuned ecircuit.
@2 is also used for resistors, in which case it is usually very small.

Series and Parallel Components Every impedance can be expressed
in terms of either series or parallel components. The choice is a matter
of convenience for the problem at hand. One cannot tell from a single
measurement whether a combination of a resistive and a reactive

‘Wheatstone  bridge which like reactances, CN and Ce, or unlike element is actually parallel or series, and, regardless of the physical
circuit, reactances, L4 ond Cp, are compored, configuration, the resistive and reactive components can be measured
- — The General Radio Company manufactures four instruments incorporating de Wheatsione bridges:
\ Range of Nominal See
Type Name Measurement Accuracy Remarks Page
1650-A Impedance Bridge 1 mQto 1 MQ +1% Also measures ac R, [, C 34 ‘
1608-A Impedance Bridge 0.5 mi2 to 1.1 MQ2 +0.1% Also measures ac R, G, [, C 32
1652-A Resistance Limit Bridge 102t 1 MO 0.5% as limit bridge Equally useful as production or laboratory 49
: 0.25% by null method bridge
544-B Megohm Bridge 0.1 M2 te 1T MMQ 3% up to 1000 M2 Excellent for measuring insulation resistance A7

I, Two deflection-type instruments for the measurement of de resistance are also listed; the Tyeg 1862-C Megohmmeter (page 48) and the Tyre 1230-A Electrometer (page 140),
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Figure 4. Series and

f
"' %H’ II):(E G’% D:[é’] parallel components

l of impedance.

as, and expressed as, (1) series impedance components, (2) parallel
impedance ecomponents, or (3) admittance components.
The relations between these various systems (see Figure 4) are:

1 R+ Xs
RP:&;—T Rs(1+Q’)
> 1 Rst+Xg :
X -B—P—T=.\.‘£(I+D’)
So that: :
Cp=Cs(']—+—D’) ;CS’CP“‘ + D*)
= & Iy il 2
LP-L3(1+Q—,).L3 LP(1+Q,)
Where:
o-Xs_Re_Br 1 _Rs_Xe_Gr
Rs Xp Gp Q. Xx'-.Rp  Bp
In terms of inductance and capacitance
wlg Rp 1 1 1
R Ty  Devies =g

Only for values of @ below 10 (or D greater than 0.1) does the differ-

ence between X5 and Xp exceed 1%. For very low Q's, however, the

difference is marked: when Q@ = 1, Xp is twice Xs. If there were no

{?mu:ll the reactive elements (i.e., @ = =), Xg and Xp would
e equal.

Substitution Methods Substitution methods of measurement can
often be used to advantage in many ac bridges. The unknown com-
ponent is put either in series with or in parallel with the main adjust-
able component, and balances are made before and after the unknown
is connected. The magnitude of the unknown is then equal to the
change made in the adjustable component, since, for both balances,
the total impedance of that bridge arm must be constant. The accu-
racy of measurement is improved, because it is dependent only on the
calibration of the adjustable arm and not upon the other bridge arms
as long as they are constant. (The D or @ balance, however, will
gen depend on the other bridge arms.)

Para.liel substitution is often used with the Tyre 716-C Capaci-
tance Bridge, and series substitution is used in the Type 1606-A
and the Tyre 916-AL Radio-Frequency Bridges (see page 52).

BRIDGES WITH ACTIVE ELEMENTS

A recent development* in bridge circuits is the use of amplifiers as
bridge elements. These are used with potentiometers to form variable-
voltage sources. They permit the use of fixed capacitance and con-
ductance standards, whose currents are adjusted by variation of
applied voltage rather than by variation of impedance magnitude.
‘Ilius' arrangement has many advantages, particularly in the measure-
ment of nonlinear elements, such as inductors with ferromagnetic
cores. The Type 1633-A Incremental-Inductance Bridge uses this
type of circuit (see page 44).

TRANSFORMER-RATIO-ARM BRIDGEST

Inductively coupled, or transformer, ratio arms are used in some
of the newest bridges. First introduced nearly a century ago, they
have received increased attention in the last few years use, for
some uses, they possess outstanding advantages. Accuracies of a few
parts per million can be obtained, even for ratios as great as 1000:1,
and these ratios are essentially unaffected by age, temperature, or
voltage. The low impedance of the transformer ratio arm also makes
it easy to measure a wide range of impedances in a three-terminal
measurement without the use of guard circuits and auxiliary balances.

Figure 5 shows a transformer bridge in elementary form. The
balance condition for capacitance is

Cx Ny,

Cy Nx
*H. P. Hall, R, G. Fulks, "The Use of Active Devices in Precision Bridges,”
Eleetrical Engineering, May, 1962,

t For a more complete discussion of transformer-ratio-arm bridges, see John F.
Hersh, ""Accuracy, Pr an onv or Capacitance Messurements,”
General Radio Experimenter, 36, 8 & 9, August-September, 1962.

Note that the terminal ca-

citances to ground from
ggth the standard capaci-
tor, Cn, and the unknown,
(Cx, can have very little
effect on the measurement.
Capacitances from the H
terminals appear across the
low-impedance transformer
winding, while those from
the L terminals are across
the detector, where they do
not enter the balance ex-
pression, although they can
reduce the detector sensi-
tivity. Because this type of
bridge can tolerate rela-
tively large capacitances
from both sides of the un-
known to the guard point.
long cables with guar
shields may be used for re-
mote measurement, and cir-
cuit capacitances can be
measured in situ.

Transformer ratio arms are used in the highly accurate Tyre
1615-A Capacitance Bridge, the Type 1613-A Capacitance Bridge,
and the T'ype 1605-A Impedance Comparator. The use of transformer
windings for two arms of the bridge leaves only one internal arm for
the two balance adjustments.

THREE-TERMINAL MEASUREMENTS — GUARD CIRCUIT

Three-terminal measurements can be made on conventional
bridges (though not so easily as on transformer bridges) if the stray
impedances are negligible compared to the bridge arm being shunted
or if a guard circuit is used, For capacitance measurements on the
Types 1650-A and 1608-A Impedance Bridges, stray capacitance to
ground shunts a standard capacitor of 0.1 uf or larger, so that con-
siderable stray capacitance can be tolerated without appreciable
error. Similarly, on the Typg 544-B Megohm Bridge, a relatively low
leakage resistance can be tolerated across a resistive arm,

Three-terminal measurements can be made on the Type 716-C
Capacitance Bridge if a Type 716-P4 Guard Circuit is used. This
eircuit provides adjustable components forming a fifth bridge node,
which is used as the guard point (see Figure 6a). It can be shown that
the bridge is in balance if either of the following conditions is met:

A_N_S,

B P T

Obviously, these conditions include the ordinary balance equation
for the four-arm network A-B-N-P. The actual eircuit for the Typr
716-P4 Guard Circuit is shown in Figure 6b. An auxiliary balance is
made with the internal arms, so that the stray capacitance to the
guard point does not affect the final bridge balance.

Figure 5. A copacitance bridge with
transformer ratio arms,

S=5=% Or

(Left) Figure 6a. General bridge network with guord circuit ond unknown
three-terminal impedance. (Right) Figure 6éb. Schematic for bridge and
guard circuit.

LIMIT BRIDGES AND COMPARATORS

In limit testing, the unbalance voltage of the bridge is used to
actuate meters, which indicate the degree of deviation of one im-
pedance from another. In the Type 1652-A Resistance Limit Bridge
an adjustable resistance standard is included, and the instrument is
thus a complete system for limit testing of resistors over a wide
range of values. Also, the operation ean be inverted, i.e., the bridge
balanced as in a conventional bridge, and the answer read on the
dials of the internal standards.

The Type 1605-A Im ce Comparator is an ac bridge with
transformer ratio arms. It uses a phase-selective voltage-measuring
system, and the magnitude and phase of the difference between the
unknown and an external standard impedance are displayed inde-
pendently on two meters.

File Courtesy of GRWiki.org



AC BRIDGES

Nominal See
Type Name Measures Accuracy Frequency Remarks Page
~————— Power-Frequency Bridges
1611-B Capacitance- € 0to 11,000 uf +1% 60; 120 cps For testing insulators, bushings, capaci-
Test Bridge D 0tob60% +2% (with Type 1214 |tors,cables, and polarized electrolytic ca- 42
Unit Oscillator) pacitors, Measures grounded capacitors.
Avdio-Frequency Bridges —
1650-A Impedance R 1 mtol MO +1% de, 1 ke Completely self-contained, general-pur-
Bridge C 1 pfto 1000 pf +1% 20 cps to 20 ke |pose, loboratory and production bridge. 34
L 1 uhto1000h +1% with external Belongs in every laboratory and elec-
Also D and Q +5% generator tronic plant.
1608-A Impedance R 0.05mflto 1.1 MR2 0.1% de, 1 ke For precise sorting, accurate component
Bridge C  0.05 pf to 1100 uf 0.1% 20 cps to 20 kc | selection, laboratory measurement.
L 0.05 ph to 1100 h 01% with external 32
G 0.05n3tel0 3 0.1% generator
Also D and Q@ +5%, +2%
1603-A Z-Y Bridge R, X 0to 1000 Q +1% 20 eps to 20 ke Will balance for any impedance from O
G, 8 0 to 1000 pmho +1% to «.|deal for ing audio-freq y 31
transducers.
1615-A Capacitance C 1017 to 107 f +0.01 For highly accurate measurements, com-
Bridge D 107%to 1 +0.1 20 cps to 20 ke parison of standards, measurements of 36
G 107 to 100 w3 +1% very small capacitances, etc.
716-C Capacitance C 100 pfto 1 pf +0.1% 1 ke Direct reading.
Bridge C 100 to 1000 pf +0.1% 30 cps to 300 ke | Direct reading. 28
C 0.1 to 1000 pf +0.2% 30 cps to 300 ke | Substitution method.
1 D 0.00002 teo 0.56 +2% 30 cps to 300 ke
1613-A Capacitance C 5 pfto 0.011 uf +01% 400 cps Measures 3-terminal capacitors. 43
| Bridge D O0to0.1 +29%,
1632-A Inductance L 0.001 uhto 1111 h +0.1% 1 ke Six-figure resolution for comparison of A%
L Bridge G  0.01 umho to 1111 mho +1% standard inductors,
. 1633-A Incremental- L  0.2uxhto1000h +£1% direct reading ot | For measurements of iron-core coils at
Inductance R 10mQto 1 M2 +2% nine frequencies, high levels of dec and oc excitation. 44
Bridge Q wtol +29% 50 cps to 15.75 ke | Has own internal detector.
 1605-A Impedance AZ +0.01% to+10% +0.01% | 0.1,1,10, 100 ke | Direct indication on meters, no balanc- 50
| Comparator A@ +0.001to +0.1 radian ing. Guard circuit included,
‘ — Radio-Frequency Bridges
- 716-CS1 Caopacitance C 0.1 to 1100 pf +0.1% 0.5 to 3 Mc High-frequency model of Type 716-C. 39
1 Bridge D  0.00002 to 0.56 +2%
. 916-AL RF Bridge X +11,000 £2 at 100 ke +2% 50 ke to 5 Mc Measures ant lines, p t 53
_ R 0to 1000 © +1%
}
- 1606-A RF Bridge X +5000 2 at 1 Mc +2% 0.4 to 60 Mc M es ant s, lines, comp t 52
R 0to 1000 Q +19,

COAXIAL-LINE INSTRUMENTS

'he Admittance Meter The upper-frequency limit of conventional
bridlge circuits using lumped-parameter elements is determined by
" the magnitude of the residual impedances of the elements and leads.
The corrections for these usually become unmanageable at frequen-
higher than a few hundred megacycles per second, and cireuits
d on coaxial-line techniques are more satisfactory.
he Tyee 1602-B UHF Admittance Meter (see page 54) is a null
jce based on these techniques, Through adjustable loops, it
mples the currents flowing in three coaxial lines fed from a common
uree at & common junction point and terminated, respectively, in
unknown element, a standard conductance, and a standard
seeptance, The outputs of the loops are combined, and, when the
ps are properly oriented, the combined output becomes zero, so
a null balance is produced. Secales associated with the three
ips give the value of the unknown admittance directly. The loops
standard lines are basically a means of varying the effective
nitudes of conductance and susceptance, although the standards
elves are fixed. Similarly, the loop in the unknown line provides
a multiplying factor.
The Transter-Function and Immittance Bridge Like the Admittance
eter, the Type 1607-A Transfer-Function and Immittance Bridge
null instrument using coaxial lines and adjustable coupling loops.
schematic is shown on page 57. This instrument can measure four-

terminal functions, such as forward and reverse transconductance
and transsusceptance, transimpedanece, input-output ratios of voltage
and current, and output-input ratios, as well as the two-terminal
functions of admittance and impedance. )

It is particularly useful for evaluating the transfer functions of
vacuum tubes and transistors in the vhf and uhf ranges, and the
two-terminal parameters of diodes.

The Slotted Line One of the basic methods of determining impedance
of a coaxial device is the measurement of the standing-wave ratio it
introduces into a uniform line, The measurement is made by means
of a coaxial line in whose outer conductor is a longitudinal slot. An
electrostatic probe enters the line through this slot and ean be moved
along the line to sample the electric field between the inner and outer
conductors. From the voltage maximum and minimum, and their
location with respect to the unknown, the impedance can be cal-
culated. This instrument is one of few in which the impedance stand-
ard is inherently part of the instrument and can be determined in
absolute terms, from physical dimensions.

The Type 874-LBA Slotted Line for general impedance measure-
ment is described on page 65.

A precision slotted line for highly accurate measurements of
standing-wave ratio is available as the Tyer 900-LB and, in com-
bination with the Type 1521-A Graphic Level Recorder, as the Tyre
1640-A Slotted-Line Recorder System. See page 76.
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COAXIAL-LINE INSTRUMENTS

See
Type Name Measures Nominal Accuracy Frequency Remarks | Page
1602.B UHF Admittance B, G 0.01 to 10,000 mmhos +3% 20 to 1500 Mc For admittance, impedance, and
Meter X, R 0.1 to 100,000 chms VSWR meosurements on coaxial 54
lines, antennos, networks, com- |
ponents,
1607-A |Transfer-Function Zy 0 to 1500 ohms +5% 25 to 1500 Me Measures four-terminal ftransfer
and Immittance Yu 0 to 600 mmhos funclions of tubes, transistors, and
Bridge Va/V; 0 to 30 networks; olso 2-ferminal func- 56
Isfli 0to 30 tions, impedance, and admit-
B, G 0 to 400 mmhos fance.
i X, R 0 to 1000 ohms
B74-.LBA |Slotted Line VSWR Better than 300 to 5000 Mc Standard instrument for whf im-
2.5% at 300 Mc pedance ond VSWR measure- | 65
10.0% ot 5000 Mc ment.
900-LB Slotted Line VSWR Better than 300 to 9000 Mc | Precision line for best accurocy. 76
1640-A  |[Slotted-Line VSWR 0.13% ot 300 Mc, | 300 to 9000 Mc | Type 900-LB with recorder.
Recorder System 1.0% at 9000 Mc 76
DETECTORS CONNECTIONS — SHIELDING

(See also the discussion of detectors on poge 78.)

For maximum precision of balanee with any bridge or null-balance
cireuit, it is necessary to obtain a virtually complete null balance.
With modern amplifiers, however, sufficient sensitivity can be
obtained to utilize all the potential precision of any null-balance
network, even with relatively low applied bridge voltage.

The desirable characteristics of a bridge detector are:

(1) High sensitivity, preferably the ability to detect a few micro-
volts.

. (2) High selectivity, to reject harmonies, noise, or other interfering
signals. This is particularly important in measuring iron-core coils
and other nonlinear elements.

(3) Quasi-logarithmic response, to obviate the necessity of gain
adjustments during the balanecing procedure.

(4) Good shielding, to prevent errors from extraneous pickup.

These requirements are best met by some combination of nmpli-
fier, filter, and null indicator.

20 cps to 5 Mc At audio frequencies, a tuned amplifier with meter
or earphones is satisfactory, The Typr 1232-A Null Detector is a
high-sensitivity device of this type. The Tyere 1212-A Unit Null
Detector, which has a wide-band amplifier and meter, can be used
at frequencies up to several megacyeles per second.

100 ke to 60 Mc Crystal mixers are available for both of the above
detectors, to extend their usable ranges up to ahout 60 Me. In this
application the signal is ]wtemdyne(fe against a local oscillator, and
the detector unit is used as an i-f amplifier. Well-shielded radio
receivers of the communications type are also satisfactory detectors
for the range from a few hundred ke to some 40 Me.

40 Mc to 5 Ge At very-high and ultra-high frequencies, the hetero-
dyne detector is preferred, owing to its wide frequency range and
excellent shielding. The Tyre DNT Detectors, consisting of the
Type 1216-A Unit 1-F Amplifier, a Unit Oscillator for heterodyning,
and a crystal mixer, are excellent detectors for this frequency range.
Commercial receivers in this range are also satisfactory.

GENERATORS

The important considerations in the selection of a power source
for ac bridge measurements are good frequency stability, adequate
ower output, and low harmonie content. For those General Radio
ridges that require external generators, a wide choice is available
(see pages 102 to 118).

For single-frequency measurements at 400 or 100 eps, the Tyee
1214-A Unit Oseillator is satisfactory. For measurements at several
fixed frequencies in the audio range, the Tyre 1311-A Audio Oseil-
lator, a high-performance, compact, transistor oscillator, is recom-
mended. For continuous coverage over a range of frequencies,
recommended oscillators are the Types 1304-B, 1210-C, and 1302-A
at low and audio frequencies; the Tyers 1330-A and 1211-C at
medium frequencies; and, from 0.5 Me to 2 Ge, the various vhf and
uhf Unit Oscillators and the Tyvee 1361-A UHF Oscillator. Frequen-
cies from 2 to 4.1 Ge are covered by the Tyre 1360-A Microwave
Oscillator or the Tyee 1220-A Unit Klystron Oscillator.

Adequate ground connection and shielded generator and detector
leads are necessary precautions in any bridge measurements, but are
Fnrtir-ulnrl)' important at high frequencies. At audio and low-radio
requencies, electrostatic shielding of the leads is usually all that is
necessary; above a few Me, coaxial leads must be used, and these
must be securely grounded to the detector, generator, and bridge
shields to provide a completely shielded system, and to eliminate
commeon impedances hetween generator and detector,

The widespread use of three-wire power cords with a grounded
lead in ac-operated devices has introduced unwanted ground-loop
currents into many types of measurements, Only by eareful elimina-~
tion of multiple paths to ground for the measurement signal ean
serious errors he avoided.

SPECIALIZED MEASUREMENTS

Vacuum Tubes and Transistors No single deviee will measure all the
desired characteristics of tubes and transistors, nor will it measure
any one property at all frequencies, The fundamental vacuum-tube
parameters — plate resistance, amplification coefficient, and trans-
conductance — are measured easily and accurately at low frequencies
by the Tyre 1661-B Vacuum-Tube Bridge, Of transistors, it will
measure the short-vireuit conductance parameter, including the A;
hybrid parameter, and the forward ami reverse voltage ratios, in-
cluding the A hybrid parameter. The hy, o, and g factors, as well as
other open-cireuit parameters, can be caleulated from these meas-
urements.

At very-high and ultru—hiﬁh frequencies the Typr 1607-A Transfer-
Funetion and Immittance Bridge measures important parameters of
both tubes and transistors. For transistors, these include short-
eireuit current gain, open-circuit voltage-feedback factor, hybrid
input impedance, and hybrid output admittance. For tubes, they
include open-cireuit voltage gain, transadmittance, feedback admit-
tance, and input and output admittances. These last two quantities
can be measured at low frequencies by the Tyre 1603-A Z-Y Bridge.

The equivalent-circuit parameters of tunnel diodes at high fre-
quencies can also be measured on the Transfer-Function and Immit-
tance Bridge.

Small capacitances, such as the collector-to-hase capacitance of a
transistor, are easily measured at production-line speeds with the
Tyre 1605-A Impedance Comparator. A similar method of measure-
ment ig used to determine the small phase angles of high resistances.

Dielectric Measurements For the measurement of the dielectric con-
stant and dissipation factor of insulating materials, the Tyre 1615-A
Capacitance Bridge is recommended for the audio-frequency range.
For wider frequency coverage, the Type 716-C Capacitance Bridge
is useful up to 300 ke and the Type 716-CS1 from 300 ke to 5 Me.
With these bridges, the Type 1690-A Dielectric Sample Holder is
useful in two-terminal measurements.

When the sample is in a conditioning chamber, a three-terminal
measurement. must be used. The Tyer 1615-A Capacitance Bridge
and the Tyre 1605-A Impedance Comparator (which is well suited
to environmental tests) have built-in guard facilities. With the
Tyre 716-C Capacitance Bridge, the Tyre 716-P4 Guard Circuit
provides the third-terminal connection.

E File Courtesy of GRWiki.org



¢ Balances for any unknown impedance 0 to oo.
¢ 170 aceuracy to 7 ke (to 20 ke for resistance and conduetance).

FEATURES:

¢ Fust, convenient operation,

USES: This remarkable bridge can ecasily be balanced for
any impedance connected to its terminals. For example,
it can be used to measure:

R, L, and C' components, or any combinations of them.

Impedances (including negative resistance) of active
networks.

Complex impedance characteristics of transformers,
transducers, transmission networks, and transistors.

I'requency characteristies of components, such as elec-
trolytic capacitors and sonar elements.

Type 1603-A Z-Y BRIDGE

¢ Covers entire audio-frequency range.
¢ Can measure grounded, direet, or balanced impedances.

DESCRIPTION: The basic circuit is a resistance-capacitance
bridge, and a substitution method of measurement is used.
Low impedances are measured directly in terms of R
and X, and high impedances (low admittances) are
measured direetly in terms of ¢ and B. R and (7 readings
are independent of frequency. X and B are direct reading
at 100 eps, 1 ke, and 10 ke.

By selection of detector connections, one can measure
(1) the grounded impedance, (2) the direct impedance, or
(3) the impedance of the equivalent delta cireuit, balanced
or unbalanced, of the unknown element.

SPECIFICATIONS

RANGES OF MEASUREMENT
Frequency: 20 cps to 20 ke,
Imped and Admitt — @ ) + o,

The unknown is measured as an impedance if the absolute resist-

ance is less than 1000

X ohms and the absolute re-
actance is less than 1000
(fo/f) ohms.

The unknown is meas-
ured as an admittance if
\: the absolute conductance

is less than 1000 micro-
mhos and the ahsolute
susceptance is less than
400 1000 (f/f,) mieromhos,
ACCURACY (with known

10NKe

Z0Ke

ISTANCE

o+

X: +19 + (2f,/f ohms on main X dial or 0.2 f,/f ohm on AX dial)
+0.0002f . /2
B: +17, + (2f/f, pmhos on main B dial or 0.2 f/f, umho on AB dial
+0.0002 fi

These expressions are valid for £ and ¢ up to 20 ke; for X and B
the 19 term is valid up to 7 ke; above 7 ke it becomes 29, above
15 ke, 3%. There are slightly larger errors at high frequencies for
direet or delta measurements,

GENERAL

Maximum Applied Voltage: 130 volts, rms, on bridge, giving less than
32 volts on unknown.

Accessories Required: Calibrated oscillator or suitable generator and
detector, The Type 1210-C' Unit R-C Oscillator (page 105) and the
Tyer 1232-A Null Detector (page 79) are recommended,

ies Supplied: One Type 274-NP and one Tyer 874-R34

grounded)

R: +19% + (2 ohms on
main R dial or 02
ohm on AR dial)

e | +0.0002fy X

- GAPAGITIVE —1 G: +19, + (2 wmhos on

e main G dial or 0.2

Input impedance of a feedback circuit; data umho on  AG dial)

taken with Type 1603-A Z-Y Bridge. +0.0002f. B

A
Pateh Cord.
Cabinet: Lab bench (see page 210).

Dimensions: Width 1214, height 1319, depth 814 inches (320 by 345
by 220 mm), over-all.

Net Weight: 2115 pounds (10 kg).
Shipping Weight: 31 pounds (14,5 kg).

For a more complete deseription of this instrument send for the
General Radio Reprint No. E-102.

A UNIVERSAL AUDIO-FREQUENCY
IMPEDANCE-MEASURING INSTRUMENT

Type | | Code Number | Price
1603-A | Z-Y Bridge | 1603-9701 l $475.00
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BRIDGES—IMPEDANCE

@Type 1608-A IMPEDANCE BRIDGE

PRECISION (0.1%)

32

¢ 0.19 basic accuracy for C, R, L, and G.
¢ Digital readout for C, I, L, and @; decimal point and unit indicated — no multiplying

factors.

¢ High-phase accuracy — measures D to 0.0005, @ to 2000.
¢ Measures impedances of any phase angle including reactive resistors and high-loss re-

FEATURES:

actances,

4 Rapid balancing made possible by concentric balance control having only coarse and

fine balances.

¢ Appropriate D and € scales illuminated automatically — no multiplying factors to

remember.

¢ Self-contained oscillator, selective detector, three de supplies, and sPhsitive null meter.

USES: This precision bridge is intended for general-
purpose impedance measurements on modern precision
components requiring an accuracy of 0.19, It will measure
capacitance, inductance, and ac resistance and conduec-
tance, as well as de resistance. The digital display, includ-
ing decimal point and unit indication, provides an almost
error-free readout system, which, with the rapid-balancing
coaxial adjustment, makes laboratory or production test-
ing quick and sure. The six ac bridges provide complete
phase coverage of the passive impedance plane so that
“black boxes” such as filters, transducers, equalizers, or
other networks can be measured regardless of phase angle.

The ac-resistance and -conductance bridge ecircuits
make possible the measurement of resistors at 1000 eps;
they include a @ adjustment for precise balance, which
provides phase information useful in predicting their
high-frequency performance. These bridges are also useful
for measuring high-loss reactances, such as rf chokes,
without a sliding null. The high-phase precision of +0.0005
radian makes D or ) measurements meaningful on low-loss
reactances, which must often have tight D or @) tolerances,
or use in precision networks.

=

Other uses include the de measurement of a wide range
of resistors at E1a specified voltages, the measurement of

three-terminal capacitors and small capacitors remotely
located, measurements on voltage-biased capacitors or
current-biased inductors or resistors, and the measure-
ment of impedances over the audio-frequency range.

The ability to measure small capacitances in a three-
terminal connection makes possible the measurement of
the capacitance between components, wires, or mounting
structures. It is possible, for instance, to measure such
quantities as the eapacitance between any two conductors
on an etched-board pattern with the other elements
grounded. Furthermore, long shielded cables can be used
to connect remote or otherwise inaccessible components
without significantly affecting the accuracy of the measure-
ment.

FFor production testing of components a test jig can be
used. The Tyre 1650-P1 Test Jig is recommended.

DESCRIPTION: This self-contained bridge-measurement
system includes six bridges, along with suitable ac and de
sources and detectors. The bridges include the familiar
series and parallel capacitance- and inductance-measuring
circuits, plus a series-resistance bridge and a parallel-
conductance bridge, both having phase (@) adjustments.
The bridge elements are precision units. The wire-wound

IKC
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tics of the acit

resistors are similar to those used in General Radio decade
resistance boxes, and the standard capacitor is a special,
~¢on bination silver-mica and stabilized-polystyrene ca-
pacitor, with a low temperature coefficient.

The readout system is digital for C, R, L, and (7, as well
is for the @ ot resistors. The D and @ readings for ca-
pacitors and inductors are directly read from a dial with
the correct scale illuminated. Decimal points and units
are indicated where necessary, and there are no multi-
plying factors for any quantity indicated at 1 ke or de.
The main readout has both coarse and fine adjustments

GES
ance: 0.05 pf to 1100 xf in seven ranges, series or parallel.
juctance: 0.05 xh to 1100 h in seven ranges, series or parallel.
istance; (series) 0.05 milliohm to 1.1 megohms, ac or de.
ctance: (parallel) 0.05 nanomhos to 1.1 mhos, ac or de (20,000
ohms to 0.9 ohm).
D: (of series capacitance) — 0.0005 to 1 at 1 ke,
~ (of parallel capacitance) — 0.02 to 2 at 1 ke,
@: (of series inductance) — 0.5 to 50 at 1 ke.
~ (of parallel inductance) — 1 to 2000 at 1 ke.
 (of series resistance) — 0.0005 to 1.2 inductive at 1 ke,

(of parallel conductance) — 0.0005 to 1.2 capacitive at 1 ke,

Frequency: 1 ke with internal oscillator module supplied; 20 cps to
20 ke with external oscillator.
URACY

R L
4 1 ke: +0.1% + 0.005% of full scale except on lowest £ and L
and highest €' and G ranges, where it is +£0.29% + 0.005% of

onal % error ferms for high frequency and large phase angle:

d L: (£0.001f% + 0.1Dfy + 0.5D*) % of measured quantity.
G: (£0.002/7, +0.000001f, +0.1Q)% of measured quantity.
ual Terminal Impedance: /* =~ (0,001 ohm, L &~ (.15 xh, €'~ 0.25

ance and Conductance: Same as for 1-ke measurement, except
racy is limited by sensitivity at the range extremes. Balances
are possible from 1 ohm to 1 megohm with the internal
and detector.

T‘a‘! Cor L: +0,0005 + 59 at | ke or lower.

+0.0005f% + 5% above 1 ke.
3 of R or G: +0.0005f4 + 2%.

L s L < "P
(2.3 (52455) (1
SERIES INDUCTANCE

SERIES RESISTANCE

N
VERNIER

p e, conductance, resistance, and reactance bridges.

controlled by concentric knobs, The fine control is a com-
pensated, wire-wound rheostat. The coarse control, which
vields approximately 100 fixed unit steps of resistance,
uses only 40 individual resistors combined in an ingenious
switching system called a centade.

The 1-ke 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. Three de supplies are included to
obtain good de¢ sensitivity over a wide range of resistance.

SPECIFICATIONS

GENERATOR AND DETECTOR

Internal Oscillator: 1 ke + 1% normally supplied. Plug-in modules
for other frequencies available on request. Level control provided.

Internal AC Detector: Can be used either flat or selective at frequency
of phul;-in module (normally 1 ke). Second-harmonie rejection approx-
imately 25 db; sensitivity control provided.

Internal DC Supplies: 3.5 volts, 35 volts, 350 volts, adjustable, and
power limited to less than g watt,

External Oscillafor and Detector: I'or measurement at other frequencies
from 20 eps to 20 ke, Type 1210-C Unit R-C Oscillator (page 105),
the Tyee 1311-A Audio Oscillator (page 109), and Tyee 1232-A
Tuned Amplifier and Null Detector (page 79) are recommended.

DC Bias: Provision is made for biasing capacitors to 500 volts with
external supplies, and for biasing current in inductors.
GENERAL

Accessories Supplied: Tyre CAP-22 Power Cord, spare fuses, spare
indicator lamps,

Accessories Available: TyYre 1650-P1 Test Jig (page 35); external
generator and detector, if used, as listed above.

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 ¢ps,
10 watts.

Cabinet: Rack-bench (see page 210).

Dimensions: Bench model — width 19, height 1214, depth 1114 inches
(485 by 320 by 205 mm), over-all; rack model — panel, 19 by 121§
inches (485 by 315 mm), depth behind panel 10 inches (255 mm).

Net Weight: Bench model, 3634 pounds (17 kg); rack model, 3434
pounds (15.8 kg).

Shipping Weight: Bench model, 50 pounds (22.7 kg); rack model,
48 pounds (22 kg).

For a complete description, see General Radio Experimenter, 36, 3,
March, 1962,

Type | | Code Number | Price
1608-AM I Impedance Bridge, Bench Model I 1608-9801 l $1300.00
1608-AR Impedance Bridge, Rack Model 1608-9811 1300.00

. File Courtesy of GRWiki.org
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BRIDGES—IMPEDANCE

®Type 1650-A IMPEDANCE BRIDGE

UNIVERSAL (1%)

34

FEATURES:

* & * * o @

Very small residual errors.

uses: The Tyee 1650-A Impedance Bridge will measure
the inductance and storage factor, (), of inductors,* the
capacitance and dissipation factor, D, of capacitors, and
the ac and de resistance of all types of resistors,

In the laboratory it is extremely useful for measuring
the circuit constants in experimental equipment, testing
preliminary samples, and identifying unlabeled parts. In
the shop and on the test bench it has many applications
for testing and component sorting.

Three-terminal measurements can be made in
presence of considerable stray capacitance to ground.

the

DESCRIPTION: This bridge is a completely self-contained
and portable instrument. Five separate bridge circuits are
included to give flexibility and wide range. Battery-
powered, low-drain transistor oscillator and detector are
included. The panel meter indicates both de and ac bridge

* Including such low-Q inductors as rf coils measured at 1 ke,

SPECIFIC

RANGES OF MEASUREMENT
Resistance: 1 milliohm to 11 megohms, eight ranges, ac or de.
Capacitance: 1 pf to 1100 uf, seven ranges, series or parallel.
Inductance: 1 ph to 1100 h, seven ranges, series or parallel.
D: (of series eapacitance) — 0.001 to 1 at 1 ke.

(of parallel capacitance) — 0.1 to 50 at 1 ke.

(Cy = €' within 1% if D < 0.1.)
@: (of series induetance) — 0.02 to 10 at 1 ke.

(of parallel inductance) — 1 to 1000 at 1 ke.

(L. = Ly within 1% if @ > 10.)

ACCURACY
AC Resistance: + 19, +1 milliohm (residual # = 1 milliohm).

Completely self-contained and portable.

Wide impedance range, covering all commonly used components.

orTHONULL™ balance finder to facilitate low-( balances. ¢ Visual null indicator.
Transistor oscillator and detector powered by commonly available “D” cells.
Provision for applying de bias. ¢ Easy-to-read dials.

+ Long battery life; easy replacement.

unbalances, and, therefore, earphones are not required.

The measured quantities, R, L, (', D, and @, are in-
dicated directly on dials with logarithmic scales. No
multiplier is necessary for the D and @ indications, and
the C', R, or L multiplier and the units of measurement are
indicated by the range switch setting.

The bridge circuits are made up of high-quality, stable
components to give accuracy for many years under a wide
range of conditions. The orrHONULL balance finder, a
patented mechanical-ganging device, is used to make
low-{) (high-D) balances possible without a “sliding null.”
This mechanism, which may be switched in or out as
desired, adds accuracy as well as convenience and makes
easy many low-() measurements that are practically im-
possible on other impedance bridges.

The Flip-Tilt case provides a handle and a captive, pro-
tective cover and allows the bridge panel to be tilted and
held firmly at any angle.

ATIONS

DC Resistance: 179, from 1 ohm to 100 kilohms. An external de supply
is required for 19 aceuracy above 100 kilohms.
Capacitance: +19, +1 pf (residual C' = 0.5 pf).
Inductance: +19; +1 uh (residual L < 0.2 uh).
D: +59% +0.001 at 1 ke or lower.
1/Q: +59, +0.001 at 1 ke or lower.
Frequency: (1 ke supplied internally)
1% accuracy for K, 20 eps to 5 ke; for L and €, 20 eps to 20 ke.
D and @ ranges are functions of frequency. With reduced accuracy,
measurements can be made up to 100 ke.
GENERATOR AND DETECTOR

Internal Oscillator Frequency (external ac and dc sources can also be
used): 1 ke +27,

COMPLETELY SELF-CONTAINED
UNIVERSAL BRIDGE
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SERIES CAPACITANCE PARALLEL CAPACITANCE

R “CRL" “CRL" Ryt
Ll 0-ilk

Internal Detector: Itesponse, flut or selective at 1 ke; sensitivity con-

trol provided.

Internal DC Supply: 6 volts, 60 milliamperes, maximum.

Power Requirements: 4 1) cells, supplied. Current drain (ac mensure-

ments) 10 milliamperes.

External Oscillator and Detector: Tvre 1210-C Unit R-C Oscillator

gmge 105), Type 1311-A Audio Oseillator, and Tyre 1232-A Null
etector (page 79) are recommended for audio measurements at fre-

quencies other than 1 ke.

~ DC Polarization: 600 volts may be applied (from external source) for
series capacitance measurements,

GENERAL
Accessories Available: Tyre 1650-P1 Test Jig.

when bridge is not in use.

RESISTANCE

Hl
/A
UNKNOWN

B
RATIO
ARMS

Flip-Tilt cabinet holds bridge firmly tilted at almost any angle and provides protection

SERIES INDUCTANCE PARALLEL INDUCTANCE

Schematic diagrams of the ﬁve circuits used in the bridge.

Other Accessories Required: None. liarphones ean be used for high
precision at the extremes of the bridge ranges.
Cabinet: I'lip-Tilt; relay-rack model also available (see page 210).
Dimensions: Portable model, case closed — width 1234, height 1215,
depth 724 inches (325 by 32[) by 200 mm), over-all; rack model —
panel 19 by 1217 inches (485 by 315 mm); depth behind panel
5 ineches (130 mm),
Net \‘i‘:igh!: Portable model, 17 pounds (8 kg); rack model, 18 pounds
(8.5 kg).
Shipping Weight: Portable model, 28 pounds (12.8 kg); rack model,
30 pounds (13.6 kg).

For a more complete deseription of this instrument send for General
Radio Reprint No. E-108.

Type 1650-9820 Impedance Bridge,
for relay-rack mounting.

PATENT NOTICE, See Notes 1, 15, 19, and 22, page viii.

s test-jig adaptor provides a way to connect com-
nts quickly to a pair of terminals, which can be
d on the bench directly in front of the operator. Thus,
test jig and Tyre 1650-A Impedance Bridge make a
id and efficient component sorting device when the
] meter of the bridge is used as a limit indicator.

he test jig makes a three-terminal connection to the
dge, so that the residual zero capacitance is negligible.
 lead resistance (0.08 ohm total) has effect only when
y low impedances are measured, and the lead capaci-
affects only the measuremeut of the @ of inductors,

ducing a small error in D (or le) of less than 0.007.
10 ounces (285 grams).

ping Weight: 214 pounds (1.2 kg).
| I Code Number I Price
1 Test Jig | 16509601 | $19.00

Type | | Code Number |  Price
1650-A Impedance Bridge, Portable Model I 1650-9701 | $460.00
1650-9820 Impedance Bridge, Rack Model 1650-9820 460.00

<>Ty|:|e 1650-P1 TEST JIG

MINIMIZES EFFECTS OF
LEAD CAPACITANCE

File Courtesy of GRWiki.org
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BRIDGES — CAPACITANCE

Type 1615-A CAPACITANCE BRIDGE

PRECISION (0.01%)

36

0.019%

direct-reading accuracy; comparison accuracy, one ppm.

()—hgure resolution for capacitance; one ppm for dissipation factor.

Wide capacitance range
Loss can be

FEATURES:

10~° pf to 11 uf.
measured as either dissipation factor or conductance.

In-line readout in C, D, and G with automatically positioned decimal point.
Makes both 2- and 3-terminal measurements.
Low terminal at ground for 2-terminal measurements.

USES: Intercomparison of capacitance standards to 1 part
in 10°. Standards differing in magnitude by as much as
10,000:1 can easily be compared.

Accurate and precise measurements of capacitance and
dissipation factor.

Measurement of circuit capacitances.

Dielectric measurements.

DESCRIPTION: This bridge improves the aceuracy of ca-
pacitance measurements by an order of magnitude over
what has previously been available. This accuracy is
achieved through the use of precisely wound transformer
ratio arms and highly stable standards, fabricated from
Invar and hermetically sealed in nitrogen. Eight standard
capacitors are used, in decade values from 1000 pf to
0.00001 pf. Each of the internal standards can be easily
compared with one another.

The circuit, shown here in elementary form, is also
clearly delineated on the panel. Changes in connections
and grounds are also indicated as the terminals are
switched for different measurement conditions.

The loss balance can be made in terms of either dissipa-
tion factor or conductance.

The bridge has six-figure resolution for capacitance from

%
B
B
B
¢ Lever-type balance controls.
B
®
s

1 uf to 1 pf and a direct-reading accuracy of 0.01%, over
this capacitance range and over most of the frequency
range from 50 cps to 10 ke. The minimum detectable
capacitance is 10 af (107" farad) and an auxiliary capacitor
is available to extend the range to 11.11110 wf. The
impedance of the transformer ratio arms has been kept
very low, so that accurate three-terminal measurements
can be made even in the presence of capacitances to ground
as large as 1 uf. Accurate measurements thus can be made
with the unknown connected by means of long cables. The
bridge also has the necessary internal shielding to permit
one terminal of the unknown to be directly grounded, so
that both true two-terminal and three-terminal measure-
ments can be made over the whole capacitance range.

For both capacitance and dissipation factor, the balance
controls are smoothly operating, lever-type switches. The
readout is digital, and the decimal point is automatically
positioned. Each capacitance decade has a —1 position to
facilitate rapid balancing.

These features and many others result in a capacitance
bridge that brings to the measurement of capacitance, to
the intercomparison of standards, and to the measurement
of dielectric properties an unusual degree of accuracy,
precision, range, and convenience.

SPECIFICATIONS

RANGES OF MEASUREMENT

Capacitance (6 ranges): 107" to 10~ farad (10 gpf to 1.11110 uf), direct
reading; 6-figure resolution, smallest division 107 farad. With
Type 1615-P1 Range-Extension Capacitor, upper lLimit can be
extended to 11.11110 gf.

Dissipation-Factor (3 ranges): 0.000001 to 1 at 1 ke, direct reading.
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Directly proportional to frequency at other frequencies. Four-figure
resolution; smallest d1v1.~,10n, 0.000001.

Conduct (2 ranges +; 2 ranges —): 10~% umho to 100 umho;
4-figure resolution, smallest division 1075 wmho; independent of
frequency; varies with C range.

Frequency: Approximately 50 eps to 10 ke, useful with reduced
accuracy to 100 ke.

TERENAL

“a Al

CAPAGITANCE




ACCURACY
Capacitance — direct-reading, internal standard: +0.01%, from 1 pf
to 1 uf. At high capacitances and high end of frequeney range, error
; f

is +0.002% Cuf (moo

~aceuracy may be limited by bridge sensitivity.
Capacitance — comparisen with external standard:
1 ppm.

Conductance: + (19, + 0.00001 umho).
Dissipation Factor: Direct reading,
+0.00001.

WEIAI.

At low capacitance and low frequency,

approximately

+(01 7 of measured value)

Coefficients of Internal Standards: Less than 5 ppm/°C
fnr the 1000-, 100-, and 10-pf units; slightly greater for the smaller
‘gapacitance units.

‘Maximum Safe Generator Voltage: 30 volts at 1 ke. Proportional to
g%quency If generator and detector connections are interchanged,
300 volts can be applied.

y ories Required: Generator and detector; the Type 1311-A
udio Oscillator and the Type 1232-A Tuned Amplifier and Null
tor are recommended. See below for complete assembly.
sories Supplied: Type 874-WO Open-Circuit Termination,
3 874-R22A Patch Cord, and Type 274-NL Patch Cord.

abinet: Rack-bench (see page 210).

nsions: Bench model — width 19, height 1234, depth 1014 inches
by 325 by 270 mm), over-all; rack model — panel 19 by 1214
s (485 by 315 mm), depth behind panel 815 mches (220 mm).

t Weight: 3815 pounds (17.5 kg).

ng Weight: 58 pounds (27 kg).
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Elementary schematic diagram of the capacitance bridge.

PATENT NOTICE. See Note 4, page viii.

Type 1620-A Capacitance-Measuring Assembly
of the Tyre 1615-AM Capacitance Bridge with
E 1311-A Audio Oscillator and the Type 1232-A
| Amplifier and Null Detector, thus providing a com-
¢ system for the precise measurement of capacitance
* the range of 10 upf to 1 uf (1077 to 10~ farad).
m range is approxlmately 50 cps to 10 ke. The
sufficient sensitivity to realize the full six-place
tion of the bridge for all measurements except for
all capacitances at the lower frequencies.

| Code Number |  Price

Capacitance-Measuring

Assembly | 1620-9701 | $2065.00

of the Type 1620-A Caopacitance-Measuring Assembly.

- Type | | Code Number | Price
1615-AM Capacitance Bridge, Bench Model 1615-9801 $1475.00
1615-AR Capacitance Bridge, Rack Model 1615-9811 1475.00
1615-P1 Range-Extension Capacitor 1615-9601 35.00

| @Type 1620-A CAPACITANCE-MEASURING ASSEMBLY

Oscillator and detector are mounted side by side as
shown in the photograph. The end frames are bolted
together to make a rigid assembly without the use of a
relay rack. Connection cables are supplied.

The oscillator operates from the power line, the detector
from internal batteries.

(T
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BRIDGES — CAPACITANCE

Type 716-C CAPACITANCE BRIDGE

At frequencies from 30 cps to 300 ke, this direct-reading bridge measures capacitance and
dissipation factor by either direct or substitution methods.
Designed to measure 2-terminal capacitance, it can be adapted for 3-terminal measurement

WIDE-RANGE

38

USES:

by addition of a guard circuit.

It is well suited to the measurement of the dielectric properties of insulating materials —

dielectric constant, dissipation factor, loss factor, phase angle

and their change with

frequency, temperature, and humidity.

Capacitors beyond the range of the internal standards
an be measured by substitution methods.

Other possible substitution measurements are the in-
ductance and @ of large inductors, the inductance and re-
sistance of cables, the resistance and parallel capacitance
of high-valued resistors, and conductance and parallel
resistance of electrolytes.

DESCRIPTION: The Type 716-C Capacitance Bridge is a
modified Schering bridge. To obtain a wide and direct-
reading capacitance range at 1 ke, the ratio arms are
switched to give decade multipliers of 1 to 1000. At other

SPECIFIC

RANGES OF MEASUREMENT

Capacitance, direct-reading: 100 pf to 1.1 uxf at 1 ke; 100 pf to 1150 pf
at 100 cps, 10 ke, and 100 ke.

Capacitance, substitution: 0.1 pf to 1050 pf with the internal standard.
0.1 pf up to value of available standard with external standard.
Dissipation Factor, direct-reading: (.00002 to 0.56.

Dissipation Factor, substitution: 0.00002 to 0.56 X Catandara
~ unknown

Frequency: 30 eps to 300 ke,
ACCURACY
Capacitance, direct-reading: +0.19, + (0.6 pf X capacitance multi-
plier setting) when D < 0.01.
Capacitance, substitution: + 1.2 pf.
A correction chart for the precision eapacitor is supplied, which
allows a substitution measurement accuracy of +0.05% or +0.6 pf.
A 100-point calibration of the standard capacitor is available, at
extra charge, which allows substitution measurements to be made
with an accuracy of +0.05% or +0.2 pf.
Dissipation Factor, direct-reading: +0.0005 or +27% of dial reading,
whichever is larger.
Dissipation Factor, substitution: -+0.00005 or +29 for the change in D
when the change is less than 0.06.
Formulae are supplied for making corrections when D) is greater
than these limits.
Zero Capacitance Across the Unknown Terminals: Approximately 1 pf
(negligible in substitution measurements or direct measurements
with the multiplier at 10 or higher).

frequencies, the maximum direct-reading capacitance is
that of the internal standard, which is a worm-driven,
precision, variable capacitor. Careful shielding to eliminate
the effects of stray capacitance permits a direct-reading
accuracy of 0.19.

FEATURES:

+ Wide frequency range, 30 cps to 300 ke.

¢ Direct-reading dials.

+ Convenient to operate.

¢ Flexible in application.

ATIONS

Temperature and Humidity: Variations of temperature from 65 to 95 F
have no significant effect on the accuracy of the bridge. Precise
measurements of dissipation factor should not be attempted when
the bridge has been exposed to abnormally high relative humidity,
unless it is first dried by heat or a desiccant.

Power Input: | watt, maximum, at GENERATOR terminals, which
allows a maximum of 200 volts at 1 ke, or 50 volts at 60 eps. If the
generator and detector connections are interchanged, 700 volts can
be applied at 1 ke and lower.

Accessories Supplied: One Type 274-NL Shielded Patch Cord and
one Type 874-R34 Patech Cord.

Accessories Required: Oscillator, high-impedance detector, and, for
substitution measurements, a balancing capacitor. The Typrr 1311-A
Audio Oscillator (page 109) or the Typg 1210-C Unit R-C Oscillator
(page 105) and the Typre 1232-A Null Detector (page 79) are recom-
mended. The Type 1422 Precision Capacitor and the Typmrs 505,
1409, and 1401 Fixed Capacitors are recommended for use as balane-
ing capacitors. For dielectric measurements, the Tyer 1690-A Dielec-
tric Sample Holder ean be used.

Mounting: Relay-rack or hardwood cabinet.

Dimensions: Rack model—width 19, height 14 inches (485 by 360 mm),
depth behind panel 9 inches (230 mm); cabinet model—width 2134,
height 1414, depth 1114 inches (555 by 365 by 290 mm), over-all.

Net Weight: Rack model, 3014 pounds (14 kg); cabinet model,
4014 pounds (17 kg).

Shipping Weight: Rack model, 45 pounds (20.3 kg); eabinet model,
55 pounds (25 kg).

Type | | Code Number |  Price
716-CM Capacitance Bridge, Cabinet Model 0716-9803 $825.00
716-CR Capacitance Bridge, Rack Model 0716-9813 785.00

100-Point Calibration for Internal Pre-
cision Capacitor 0716-9728 50.00

o
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Type 716-CS1 CAPACITANCE BRIDGE

FOR CAPACITANCE MEASUREMENTS
UP TO 1150 pf AT 1 Mc

Both commercial and military specifications for capaci-
tors of 1000 pf and less call for measurements of capaci-
tance and dissipation factor at a frequency of 1 Me. The
Type 716-CS1 Capacitance Bridge has been designed
specifically for these measurements. It is also satisfactory
for measuring dielectrics with the Type 1690-A Dielectric
Sample Holder at the asT™ test frequency of 1 Me.

This bridge, a modification of the standard TypE 716-C
model, has a single capacitance range and a more limited
frequency range.

SPECIFICATIONS

RANGE AND ACCURACY
Range and accuracy specifications are identical with those of
Type 716-C Capacitance Bridge, except that the direct-reading
capacitance range is 100 to 1150 pf.

e stated accuracy is for 1-Mc measurements. The same accuracy
ean be obtained from 0.1 Me to 3 Me if corrections are made for the
effects of residual impedances and if adequate selectivity is provided

by the null detector. With decreased accuracy, measurements up to
5 Mc can be made.

Accessories Required: Generator and detector. For measurement at
1 Me only, the Type 1214-M Unit Oscillator (page 110) is the recom-
“mended generator; for measurements over the range of 0.5 to 3 Mc,
‘the Tyee 1211-C Unit Oscillator with Unit Power Supply (page 114).
For measurements at 1 Me only, a convenient detector is the Tyre

1212-A Unit Null Detector (page 80) with Tyee 1212-P2 1-Me Filter.

For operation at frequencies other than 1 Me, this null detector, with
the Type 1212-P3 Mixer and a heterodyning local oscillator, can
be used.

For substitution measurements, a balancing capacitor is needed.
This may be a fixed TypE 505, 1409, or 1401 Capacitor or a variable
TyrE 1422 Precision Capacitor (pages 148-157).

Accessories Supplied: Two Type 874-R34 Patch Cords, to fit the above
generators and detectors.
Other Accessories Available: For measurements on unguarded di-
electric ;:pecimens, the Type 1690-A Dielectric Sample Holder
(page 41).

18-%1" specifications are the same as those for the standard Tyee

Type | | Code Number |  Price
716-CMS1 Capacitance Bridge, Cabinet Model 0716-9843 $750.00
716-CRS1 Capacitance Bridge, Rack Model 0716-9846 710.00

100-Point Calibration for Internal Pre-
cision Capacitor 0716-9728 50.00

PATENT NOTE. See Note 4, page viii.

The guard circuit facilitates three-terminal measure-
‘ments such as guarded dielectric samples at frequencies up
" to 300 ke. It is particularly useful in the measurement of
‘components and materials over wide ranges of frequency,

SPECIFICATIONS

ance Range: Designed for use with the I-multiplier range,

)-1150 pf, of the Type 716-C Capacitance Bridge. The range can

extended by the addition of external capacitance to the standard

of the bridge.

1 Range: 30 cps to 300 ke.

Balance Capacitor: Any value of capacitance up to 1000 pf

the guard point and the high measuring terminal can be

9 ouf.

upplied: One Tyre 874-Q2 Coaxial Adaptor and one
igator Clip.

ng: Relay-rack or hardwood cabinet.

nsions: Width 19, height 914, depth 8234 inches (485 by 235 by

 mm), over-all.

Weight: Rack model, 17 pounds (8 kg); cabinet model, 23 pounds

kg).
~ Weight: Rack model, 29 pounds (13.5 kg); cabinet model,
unds (17 kg).

E MEASURING SYSTEMS — See next page for complete, rack-
mounted assemblies.

®Type 716-P4 GUARD CIRCUIT

temperature, and humidity, because it eliminates from the
measurement the effects of the leads from the bridge to
the sample in its conditioning apparatus. A schematic
circuit is shown on page 29.

Type | . | Code Number | Price
716-P4M Guard Circuit, Cabinet I 0716-9943 $350.00
716-P4R Guard Circuit, Rack Model 0716-9945 330.00

PATENT NOTICE. See Note 4, page viii.
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BRIDGES — CAPACITANCE

Type 1610 CAPACITANCE-MEASURING ASSEMBLIES

Each Tyee 1610 Capacitance-Measuring Assembly is a complete system for the measure-

ASSEMBLIES

USES:

or substitution methods.

DESCRIPTION: The Tyre 1610-B Capacitance-Measuring Assembly,
which includes a guard circuit, makes both 2-terminal and 3-terminal

measurements over the frequency range of 20 cps to 100 ke. Thus

it is well suited for studies of the frequency characteristies of dielec-
tric samples and components in conditioning chambers.

When only 2-terminal measurements are to be made, the guard
circuit is unnecessary, and the Type 1610-B2 Capacitance-Measur-

ment of capacitance and dissipation factor. Measurements can be made by either direct

ing Assembly, which covers the same frequency range, is used.

The Type 1610-AH Capacitance-Measuring Assembly is used for
2-terminal measurements at 1 Mec. The Dielectric Sample Holder,
Typre 1690-A (page 41), is recommended for use with any of these
assemblies in the measurement of solid-dielectric specimens. All

assemblies include cabinet rack, rack adaptor panels, connecting

cables, spare fuses, and power cord.

SPECIFICATIONS

RANGES OF MEASUREMENT Type 1610-B

| Type 1610-B2 Type 1610-AH

Frequency

20 cps to 20 ke, 50 ke, 100 ke

Direct, 2-terminal 100 pf to 1.1 uf 100 pf to 1.1 uf 100 pf to 1150 pf
Substitution, 2-terminal 0.1 pf to 1050 pf 0.1 pf to 1050 pf 0.1 pf to 1050 pf
3 Direct, 3-terminal 100 pf to 1150 pf
Substitution, 3-terminal 0.1 pf to 1050 pf
Direct 0.0002 to 0.56
2 Substitution 0.0002 to 0.56 multiplied by Cgrn/Cunk

ACCURACY, NOMINAL

Capacitance: +0.1%. Dissipation Factor: +2% of dial. For complete statement, see bridge specifications.

GENERAL

e 105 to 125 volts,T 50 to 60 cps*

50 watts 50 watts | 100 watts
Dimensions Width 22%, height 43, depth 20 inches (570 by 1090 by 510 mm), over-all
Net Weight 203 pounds (93 kg) 180 pounds (83 kg) 150 pounds (69 kg)
Shipping Weight 305 pounds (140 kg) 280 pounds (129 kg) 241 pounds (111 kg)
Code Number 1610-9702 1610-9481 1610-9817
Price $2000.00 $1650.00 $1250.00

* Assembly will operate satisfactorily at power-supply frequencies up to 400 eps, provided that supply voltage is at least 115 volts,
1 Tyre 1610-BQ18 for 210- to 250-volt, 50- to 60-cycle supply. Code Number; 1610-9818. Price: £2010.00,
Tyre 1610-B2Q18 for 210- to 250-volt, 50- to 60-cycle supply. Code Number: 1610-9482. Price: $1660,00,

PATENT NOTICE. See Notes 4 and 15, page viii.

Type 716-C Capacitance Bridge
Type 716-P4 Guard Circuit
Type 1210-C Unit R-C Oscillator

TYPE
1610-B

Type 716-C Capacitance Bridge
Type 1210-C Unit R-C Oscillator
Type 1203-B Unit Power Supply

TYPE
1610-B2

TYPE
1610-AH

Type 716-CS1 Capacitance Bridge
Type 1214-M Unit Oscillator
Type 1212-A Unit Null Detector

Type 1203-B Unit Power Supply
Type 1232-A Null Detector

LT

Type 1232-A Null Detector

Type 1212-P2 1-Mc Filter
Type 1203-B Unit Power Supply

LY
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FEATURES:

Large, easily read dials.

L R B 2 2% 2

USES: The Type 1690-A Dielectric Sample Holder is a
‘micrometer-driven sample holder of the Hartshorn type,*
od for the measurement of dielectric constant and dis-
tion factors of specimens of dielectric materials in the
m of standard AsTm 2-inch diameter disks. It is suitable
or any flat sample whose largest dimension is not over
inches and whose thickness is not over 0.3 inch.

L. Hartshorn and W, H. Ward, Proceedings of the Institution of Electrical Engineers,
70, pp 597-609 (1936).

]
'CALIBRATED M(MICROMETER SCREW]

L (GROUNDED
ELECTRODE)

H (INSULATED ELECTRODE)

1(INSULATOR )

: Diameter, 2.000 inches + 0.0025 inch. Surfaces are
d optically flat within a few wavelengths.

Spacing: Adjustable from zero to 0.3 inch, indicated by the
ometer reading in mils.

er: Incremental capacitance is 5 pf, nominal,

on: For the main capacitor, a chart gives the calculated air
ance as a funetion of spacing. A correction curve gives the
d deviations from ealculated values over the range from
to 10 mils spacing. In accordance with recommended asTm
this calibration is referred to the calculated geometrie
at a spacing of 100 mils. Aceuracy is +0.2% =+ 0.1 mil,

the vernier eapacitor, a correction chart is provided, from
jpacitance differences can be determined to an accuraey of

apacitance: Approximately 11 pf.
Temperature: Up to 150 C.

| Code Number | Price

Dielectric Sample Holder 1690-9701 $435.00
Adaptor Assembly (for

connection to coaxial

equipment) 1690-9502 20.00

' NOTICE., See Note 4, page viii.

®Type 1690-A DIELECTRIC SAMPLE HOLDER

¢ Specimens can be measured over a wide range of frequencies with the same holder in
different measuring cireuits.

Precision calibration provided for each holder.

Calibration takes account of corrections for edge fringing and stray capacitance.

Rigid casting supports entire structure. ¢ Complete shielding.

“Floating” electrode protects precision drive.

It can be used, for example, with resonant circuits for
susceptance-variation or frequency-variation measure-
ments, with the Tyees 1615-A, 716-C and 716-CS1
Capacitance Bridges, the Tvyres 874-LBA and 900-LB
Slotted Lines, and the Tyee 1602-B UHF Admittance
Meter.

A precision micrometer screw, M, with large instrument
knob, K, drives the movable grounded electrode, L, with
respect to a fixed, insulated electrode, H. An accurately
divided drum, D, indicates the electrode spacing. The
micrometer screw is electrically shunted by a metal
bellows, S, to assure a positive, low-resistance connection.
A release mechanism automatically disengages the drive
to prevent damage from excessive mechanical pressure
when the electrodes are in contact. The movable electrode
adjusts itself to the plane of the specimen surface.

A cylindrieal vernier capacitor with micrometer screw,
V, is provided for use in the susceptance-variation method
of measurement.

The assembly is mounted in a rugged aluminum casting,
B, which shields it on four sides. The shielding is com-
pleted by two removable cover plates, which permit access
to the electrodes. The holder can be mounted on either
horizontal or vertical panels.

SPECIFICATIONS

F}equencyz No significant error oceurs at frequencies below 100 Me.

Accessories Supplied: TyPE 1690-P1 Adaptor Assembly for mounting
to the Types 1615-A, 716-C and -CS1 Capacitance Bridges; hard-
ware for mounting sample holder on Types 1611-B and 544-B
Bridges and Type 1862-C Megohmmeter.

Accessories Available: Type 1690-P2 Adaptor Assembly to Tyeg 874-
LBA Slotted Line or Tyee 1602-B UHF Admittance Meter.

Mounting: Wooden carrying case supplied, which provides storage
for hardware and calibration charts.

Dimensions: Mounted on adaptor—64 by 53 by 414 inches (160
by 150 by 115 mm), over-all.
Net Weight: 334 pounds (1.8 kg), excluding carrying case.
Shipping Weight: 13 pounds (6 kg), including earrying case.

For a more complete deseription of this instrument refer to the
General Radio Exzperimenter, 26, 3, August, 1951.

\‘-.-%A -
F 130 iz LECTRIC 8
2t 20
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@Type 1611-B CAPACITANCE TEST BRIDGE

CAPACITANCE TEST

BRIDGES — 60-120~

42

¢ Wide range — 0 to 11,000 pf.

¢ Measures both 2- and 3-terminal capacitors.

¢ Visual null indicator.

FEATURES:

¢ External polarizing voltage can be applied.

¢ Measures polarized electrolytics under conditions of actual use — with 120-cycle ripple.
¢ Measurements are unaffected by moderate electrostatic fields.

USES: Capacitance and dissipation-factor measurements
can be made quickly and conveniently with this bridge.
Among its uses in shop and laboratory are the measure-
ment and test of:

Paper and mica capacitors.

Polarized electrolytic capacitors (also tantalytics) at
60 cps without external generator (50 cps for Tyre
1611-BQ1).

Dielectric properties of solid insulation and transformer
oil.

Cables — testing and fault location.

Insulators and insulation — bushings, transformers, ro-
tating machines.

Capacitance components for electric equipment.
Transformer interwinding and intershield capacitance.

DESCRIPTION: The series-resistance capacitance bridge
circuit is used. A shield terminal is provided for 3-terminal
measurements. The null detector consists of a tuned ampli-
fier and electron-ray tube. Measurements are made at the
power-line frequency. External generator can be connected
for 120 cps and other frequencies.

SPECIFICATIONS

RANGES OF MEASUREMENT

Capacitance: 0 to 11,000 uf at 60 eps; 1 uf to 11,000 pf at 120 eps and
other externally supplied frequencies.

Dissipation Factor: TYPE 1611-B, 0 to 609 at 60 eps; Tyee 1611-BQ1,
0 to 50% at 50 eps. Range is proportional to frequency (0 to 1209,
at 120 eps).

ACCURACY

Capacitance: + (19, + 1 pf).

Dissipation Factor: + (2% of dial reading + 0.05%, X #)

VOLTAGE

AC Voltage on Capacitor under Test: Varies from a maximum of approxi-
mately 125 volts at 100 pf to less than 1 volt at 10,000 nf. A maximum
of one voltampere of reactive power is delivered to the sample.
Voltage can be reduced by an external rheostat on the four highest
ranges for measurement of tantalum eapacitors.

Polarizing Voltage: A de polarizing voltage of up to 500 volts can be
applied externally for measurements on capacitors of 1 to 11,000 uf.
GENERAL

Sensitivity: Capacitances from 100 pf to 10,000 uf can be balanced
to a precision of at least 0.1%.

- ! T
%0 for Tyee 1611-BQ1.

I
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Selectivity: Detector filter is tuned to power-line frequency or 120 eps,
selected by switch. External filter can be connected at panel jack for
other frequencies.

External Fields: For bushing testing, the fields usually encountered
in shop and laboratory, even up to several thousand volts, will not
affect the accuracy. For measurements in locations where the over-
head voltages are very high, the unknown should be shielded.
External Generater: Required for frequencies other than 60 ecps.
Type 1214-D Unit Oscillator (page 110) is recommended for 120-
cycle measurements.

Envirenmental Effects: The readings of the bridge are unaffected by
temperature and humidity variations over the range of room con-
ditions normally encountered (18 to 35 C, 0 to 909 RH).

Power Requirements: 105 to 125 (or 210 to 250) volts, 60 eps for
TyeE 1611-B, 50 cps for Tyee 1611-BQ1. Power input is 15 watts.
Accessories Supplied: TYPE CAP-22 Power Cord and spare fuses.
Accessories Required: 120-cycle oscillator, if 120-cycle measurements
are to be made. Typg 1214-D Unit Oscillator is recommended.
Cabinet: Luggage-type, completely shielded to ensure freedom from
electrostatic pickup.

Dimensions: Width 1414, height 16, depth 10 inches (370 by 410
by 255 mm), over-all.

Net Weight: 3014 pounds (14 kg).

Shipping Weight: 37 pounds (17 kg).

Type | | Code Number | Price
1611-B Capacitance Test Bridge 1611-9702 $665.00
1611-BQ1 | Capacitance Test Bridge,

for 50-cycle supply 1611-9914 700.00
1214-D 120-cycle oscillator (includ-
ing power supply) 1214-9704 115.00

WIDE-RANGE TEST BRIDGE FOR
SHOP, FIELD, OR LABORATORY




Type 1613-A CAPACITANCE BRIDGE

Test Set, Capacitance Bridge, TTU 24/E, Precision, Three-Terminal, Depot. Meets the
essential requirements of MIL-T-4778 (USAF) for calibration of capacitive fuel-gage
testers.* Also an excellent general-purpose bridge for 3-terminal capacitance measurements

USES:

to 0.1%.

DESCRIPTION: The circuit is a transformer-ratio-arm
bridge, direct reading in capacitance and dissipation
factor at 400 cps. The direct impedance of the T network
used in the standard side of the bridge balances the direct
impedance of the unknown. The standard capacitor con-
sists of a 50- to 1100-pf precision variable air unit and a
1000- to 10,000-pf decade of silvered-mica ecapacitors.
Voltage on the unknown capacitor remains constant at
25 volts as the bridge ratio is changed. Generator fre-
quency is practically independent of tube parameter
changes. Frequency-determining components are GR

RANGES OF MEASUREMENT
Capacitance: 5 to 11,000 pf.
ACCURACY

Capacitance: +0.19; from 11,000 to 40 pf, rising to 0.8% at 5 pf.
Dissipation Factor: +29 of readmg +0.0002.

Internal-Oscillator Frequency: 400 cps — 25 volts, nominal output.
- 1000-cycle model can be supplied on special order.

~ DETECTOR

Sensitivity: 1-MULTIPLIER — 109, deflection for 0.05 pf AC. 1/10-
wmorripLIER — 109, deflection for 0.005 pf AC.

Selectivity: Down 44 db at 800 cps, down 72 db at 60 cps.

- GENERAL

Effect of Impedance to Third Terminal (Chassis): Impedance from un-
!Inelded lead to chassis causes no bridge error. The output voltage
is reduced approximately 509 by shunt impedance of 5 kilohms or
0.1 uf. On the l1-murTIPLIER position, impedance of 1 kilohm or
0.1 uf from coaxial lead to chassis has a negligible effect. On the
‘é{)—;uurlpl‘ma, there is negligible effect from 10 kilohms or
Accessories Supplied: For connection to Type 1429-A Fuel-Gage
, two unshielded cable assemblies and one common shielded
mbly, for connection to Tyre 03 Fuel-Gage Tester, one cable
ness, including termination-unit assembly; for genera.l-purpose
ee-terminal measurements, one coaxial and one unshielded cable

Dissipation Factor: 0 to 0.11.

precision resistors and ecapacitors. A buffer cathode-

follower amplifier prevents external loading from affecting

the frequency.

FEATURES:

+ Direct reading.

¢+ Easy to operate — few balance controls; panel lights
indicate direction of unbalance.

¢ No guard circuit necessary.

+ Internal generalor and detector.

¢ High detector selectivity.

* See page 155.

SPECIFICATIONS

DET

assembly, with Type 874 Connectors; desiccant; power cord.
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
30 watts input at 115-volt line.

Cabinet: Steel, with detachable cover,

Dimensions: Width 2214, height 14, depth 1234 inches (575 by 360
by 325 mm), over-all, including cover.

Net Weight: 55 pounds (25 kg). Shipping Weight: 67 pounds (30 kg).

PATENT NOTICE. Bee Note 4, page viii.

NPARE

Type | . | Code Number |  Price
1613-A Capacitance Bridge 1613-9701 $2175.00
100-point Calibration for precision capacitor 1613-9728 50.00

PECNEASE  INGREASE
1] €
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BRIDGES—INDUCTANCE

Type 1633-A INCREMENTAL-INDUCTANCE BRIDGE

INCREMENTAL

FEATURES:

No sliding balance.

* > e

damage to the equipment.

USES: The measurement of incremental inductance, or the
inductance of a coil under different conditions of dc
and ac excitation, is important to both manufacturers and
users of silicon steel and other magnetic alloys, ferrites,
chokes, transformers, and filters. Such measurements can
be made accurately and conveniently with the TypE 1633-A
Incremental-Inductance Bridge. It can also be used to
measure nonlinear resistors and the ac impedance, with
de superposed, of rectifiers, Zener diodes, thermistors,
and other semiconductor devices. Complete assem-
blies of bridge and power supplies are listed on the next
page.

DESCRIPTION: This bridge uses a new circuit, which in-
cludes active elements,* in order to obtain wide operating
ranges of inductance and ecurrent without the use of
excessive numbers of resistance and capacitance decades.
For each range a simple fixed capacitor and a single re-
sistor are used, and the effect of changing magnitudes is
simulated by changes in the applied voltage.

The active elements are three multistage, transistor,
feedback amplifiers, designed to have parameters at least
an order of magnitude more stable than is required for
the desired bridge accuracy. Two are used for isolation,
and, with their associated potentiometers, they form
variable-voltage sources, with low output impedance, to
simulate changes in magnitude of the fixed standards, C,
and G,. The third amplifier is a phase inverter.

At balance, I, + I; + I; + I, = 0, and

Bty B AR v G e s

~ BG,

Measures L and R or @ directly at nine frequencies.
High ac and de power-handling capacity — up to 1250 volts and 50 amperes.

De and ac can be impressed simultaneously on the coil being measured.

Known induetion levels can be set and maintained through a test procedure.

¢ Both generator and detector can be grounded.

Extensive safety precautions have been taken to avoid shock hazard to the operator and

+ Wide ranges of measurement.

LX
=
S Ry Ros
GBS
Qesn 8 M-
c
s
1 4 It %
Ry =i it
CY
‘l'
TR By | K3

Where aand 8 = fractions of potentiometer voltage ap-
plied to the isolation amplifiers,
ratio-arm resistance,

capacitance and conductance standards.

Ry
C, and G,

Up to 7 amperes, rms (combined ac and dc), at up to
1250 volts, can be impressed on the sample, and, with
a Type 1633-P1 Range-Extension Unit, up to 50 amperes.
Three power supplies are available, a de supply, a line-
frequency supply, and a variable-frequency oscillator,
which are designed specifically for use with the bridge.
Most conventional power supplies are not suitable. See
Accessories Required in Specifications.

The internal detector is highly selective at nine fre-
quencies between 50 cps and 15.75 ke. 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 in the lowest range.

* H. P. Hall, R. G, Fulks, “The Use of Active Devices in Precision Bridges,"
Electrical Engineering, May 1962,
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SPECIFICATIONS
RANGES OF MEASUREMENT
Full-Scale Ranges | I
Frequency 3 g : 5 e P Division
50, 60, 100, 120 cps 10 mh 100 mh 7 1h 10 h 100 h 1000 h 20 uh
i L 400, BOO cps, 1 ke 1 mh 10 mh 100 mh 1h 10h 100 h 2 uh
10 kc,]5.}5 ke 100 ph 1 mh 10 mh 100 mh T1h 10h 0.2 wh
R iull 100 100 @ 1 k2 10 k2 100 k2 1 M2 10 m2
Q {ull Direct Reud:\g_tafl Above Frequencies G =000
Max rms volts 125 125 1250 1250 1250 1250
Max rms amp*f 7 7 4 2 0.7 0.2

*Maximum rms current = 4/ Tde? + lac?

- ACCURACY

Inductance: +19%; of reading or 0.1 of full scale, + (12-—-&) b4 g—e) /.
x

‘Resistance: 27 of reading or 0.1% of full scale, + % /A

2 429, + 0.001 + 0.0001fke.

0
+

INTERNAL DETECTOR

quency: Selective at any one of nine specific frequencies, accurate

+1%, 50, 60, 100, 120, 400, and 800 cps, and 1, 10, and 15.75 ke.
be used with external detector from 20 eps to 20 ke.)

d-Harmonic Response: Approximately 60 db below fundamental.

ERAL

ser Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 eps;
ximately 6 watts.

ssories Supplied: One TypE CAP-22 Power Cord, spare fuses.

pries Required: Generator to cover desired ranges of frequency
power, and a source of de bias current (if desired). For optimum

Pype | | Code Number

 For those applications requiring more than 7 amperes, the Type 1633-P1 Range-Extension Unit, which contains a 0.1-ohm resistor, can
be externally connected to shunt Rp on the three lowest bridge ranges; the inductance and resistance values are then reduced by a fac-
tor of 10. With this resistor, measurements up to 50 amperes, ac or de,

are possible.

performance when de bias is used, the ac supply must be capable of
withstanding large de currents in the output circuit, and the de
supply large ac currents. The following are recommended: TyrE
1265-A Adjustable DC Power Supply, 200 watts (page 177); Typr
1266-A Adjustable AC Power Source, 200 voltamperes (page 177),
for 60-cycle ac measurements; and Type 1308-A Audio Oscillator
and Power Amplifier, 200 voltamperes (page 108) for measurements
at the above nine frequencies and, with the Type 1232-A Null Detec-
tor (page 79), continuously over the audio-frequency range.
Accessories Available: TYPE 1633-P1 Range-Extension Unit.
Cabinet: Rack-bench (see page 210).
Dimensions: Bench model — width 19, height 1234, depth 1014
inches (485 by 325 by 260 mm), over-all; rack model — panel 19 by
1214 inches (485 by 315 mm), depth behind panel 834 inches
(225 mm).
l(hl W?(Ig;ﬂ: Bench model, 31 pounds (14.5 kg); rack model, 29 pounds
13.2 kg).
Shipping Weight: Bench model, 50 pounds (22.8 kg); rack model,
48 pounds (21.8 kg).

For a complete description, with examples of measurements, see
General Radio Exzperimenter, 36, 5, May, 1962.

|  Price

-AM |Incremental-Inductance Bridge,

Bench Model 1633-9801

AR | Incremental-Inductance Bridge,
Rack Model 1633-9811
Range-Extension Unit (50 amperes) 1633-9601

NOTICE. See Notes 1 and 15, page viii.

View of the Type 1630-AV Induct M ing A bly.
Space is provided at the top of the rack for the addition o

$1050.00 an oscilloscope, which permits the current waveform or the
hysteresis loop to be viewed during the measurements.
1050.00 ¥
125.00 il i

1630 INDUCTANCE-MEASURING ASSEMBLIES

Type 1630 Inductance-Measuring Assemblies are complete systems

asurement of the inductance and loss of coils with ferromagnetic
high de and ac excitation levels. Each assembly consists of the
and two 200-voltampere power supplies(one de and one ac), a cabi-
rack, as shown, and the necessary connecting cables. Two models

Type 1630-AV
For measurements at 9 frequencies
from 50 cps to 15.75 ke
Type 1633-A Incremental-Inductance Bridge
Adjustable DC Power Supply Type 1265-A Adjustable DC Power Supply
Adjustable AC Power Source Type 1308-A Audio Oscillator and Power Amplifier
supplies will produce 200-voltampere outputs into a wide range of load
d are designed to pass the large de and ac eurrents required. Although these
do not cover the full power capabilities of the bridge, they are adequate
extreme power ranges.

Type 1630-AL
60-cycle measurements

Incremental-Inductance Bridge

4 | Code Number| Price
 Inductance-Measuring Assembly I 1630-9831 |$2440.00
Inductance-Measuring Assembly | 1630-9827 3230.00

E. See Notes 1, 7, and 15, page viii.
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BRIDGES — INDUCTANCE

Type 1632-A INDUCTANCE BRIDGE

PRECISION

Six-figure resolution.

FEATURES:

> > e

No sliding balance.

Wide range, 0.0001 xh to 1111 h. * +0.19, direct-reading accuracy.

¢ Will detect 0.1 millimicrohenry.

Easy, fool-proof readout with in-line decade readings and indicated decimal points.
¢ Measures series or parallel inductance.

¢ Circuits and instructions engraved on the panel.

USES: This bridge measures the series and the parallel
components of two-terminal grounded inductors, at audio
frequencies. Its high accuracy makes it suitable for
standardization measurements, while its convenient in-
line readout feature and the absence of a sliding balance
make possible rapid, highly precise measurements.

DESCRIPTION: The bridge circuit is shown schematically
on the panel. The standard reactance is a capacitor, which,
owing to its very low residual impedances, exhibits a
negligible change in its effective capacitance over the
audis range. The Owen circuit also makes possible the use
of the high accuracy of decade resistors for the inductance
balance. The bridge can be made direct reading in either

SPECIFIC

Ranges of Measurement:

Inductance — 0.0001 ph to 1111 h.

Conductance — 0.0001 micromho to 1111 mhos.

Frequency: Designed primarily for precise and accurate measure-
ments at 1 ke and lower. Usable to at least 10 ke with some decrease
in accuracy (see below).

Accuracy:

Inductance — +0.19%, direet reading, except at the extremes of
the inductance, @, and frequency ranges; + 19, on the lowest induct-
ance range (0.0001 to 111 gh).

When ( is less than unity, the accuracy is reduced to

(40.05  Qg)%/Qx. Values of Qg at 1 ke are:
d-HighZ | e-High Z |f-High Z
Range |a, b, ¢ |d-Low Z |e-Low Z | f-Low Z q h
Rp 1Q 10 Q2 100 @ 1 k2 10k22 | 100 k2
Qg at 1 ke |+.03% | +.005% | +.002% | +.002% |+.02% |+0.1%

For frequencies higher than 1 ke, multiply the Qg values by f,
the frequency in kilocycles. There is an additional error of
0.1 X 10-8 f29 on the lowest inductance range and of 4 X 10-% /29,
on the highest range.

series or parallel components of the unknown induector.

Inductance is indicated by the setting of a six-decade
control; conductance by the setting of four decades and a
variable air capacitor. The inductance dials, which show
only the pertinent digit of each decade, indicate directly
either series or parallel inductance. Resistance, either
series or parallel, is the reciprocal of the conductance
setting. An eight-position multiplier automatically indi-
cates both the decimal point and the units of measure-
ment.

To obtain maximum accuracy for the measurement of
both large and small values of inductance, the residual
impedances associated with the “unknown” terminals
have been minimized.

ATIONS

Two nearly equal inductors can be intercompared to a precision
of one part in 10° or better. ’

The bridge adds approximately 1 pf to the capacitance across
the inductor.

Conductance — + 1%, direct-reading accuracy, reduced at the
extremes of the L and G decades, of @, and of frequency. The Cy
capacitor decades are adjusted within +19% + 2 pf.

When @ is greater than 10, the error, in either series resistance or
parallel conductance, is increased to Qx (+ 0.05 + Qp)%. See the
table above for values of Qp at 1 ke.

Ahove 1 ke, the value of Qp is multiplied by f in kilocycles.

When the bridge reads series resistance with the L decades set at
one-tenth full secale (Ry = 10 k), there is an additional error of
0.15 Qx% at 1 ke, which is proportional to frequency (with con-
stant Qx) and approximately proportional to the resistance (Ry)
of the L decades.

Maximum Measurable Q: Series connection, proportional to fre-
quency, 60 at 100 cps; parallel connection, 80 at 100 cps and Ry of
100,000 ohms, inversely proportional to frequency and to Ry.
Maoximum Safe Bridge Input Voltage: One volt on low-inductance
ranges to 100 volts on high ranges. Values engraved on panel.
Accessories Required: Generator — the Tyre 1311-A Audio Oseillator
(page 109), the Typr 1304-B Beat-Frequency Audio Generator (page
106), or the Type 1210-C Unit R-C Oscillator
(page 105); detector — the Type 1232-A Null
etector (page 79).

Accessories Supplied: Type 274-NL Shielded
Patch Cord and Type 874-R34 Patch Cord
for generator and detector connection. Type
1632-P1 Transformer to match low bridge-
input impedances to 600-ohm generators.
Cabinet: Aluminum, with aluminum panel. End
frames can be removed for relay-rack mounting.
Dimensions: Width 1914, height 16, depth 1014
inches (495 by 410 by 270 mm), over-all; depth
behind panel 814 inches (230 mm).

Net Weight: 40 pounds (1814 kg).

Shipping Weight: 53 pounds (24.5 kg).

For a more complete deseription of this instru-
ment refer to the General Radio Experimenter,
33, 11, November, 1959.

Type | |
1632-A I Induetence Bridge |

Code Number | Price
1632-9701 | $950.00
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Type 544-B MEGOHM BRIDGE

¢ Direct measurement to 10" ohms. ¢ Approximately logarithmic scale.
S: ¢ Constant voltage on unknown, independent of resistance magnitude.
FEATURES: ¢ Voltage stabilization prevents surges in charging current.
¢ Safety features — insulated terminals and current limiters.

USES: The Typr 544-B Megohm Bridge measures all
types of resistances in the megohm ranges. These include
composition, film, and carbon resistors, and the insulation
resistance of electrical machinery, appliances, cables, and
capacitors. Among other measurements are those of the
iwm volume resistivity of insulating materials, of dielectric

OPERATE absorption effects in the insulation of electrical machines,
CHECK and, with an external decade resistor, the intercomparison
of high-resistance standards.

DESCRIPTION: The circuit is a conventional Wheatstone
bridge with a vacuum-tube voltmeter to indicate the null.
Switching is included to check the meter zero and to charge
capacitors quickly to full voltage before measurement.

SPECIFICATIONS

0.1 megohm to 1,000,000 megohms, covered by a dial and a Power Requirements: 60 watts at 115 volts, 60 cps; with battery
»-position multiplier switch. A resistance of 1,000,000 megohms can supply, approximately eurrent requirements are 60 milliamperes for
distinguished from infinity. cathode heaters and 7.5 milliamperes for anode.

racy: +3% on the 0.1, 1, and 10 multipliers; +49% on the 100 Accessories Supplied: Test probe. With ac power supply, a Tyre
1000 multipliers. Above 10,000 megohms, the accuracy is essen-  CAP-22 Power Cord, spare fuses, spare neon ballast tube. Batteries
that with which the scale on the mEGonMms dial can be read. are supplied with the battery-operated model.

Supply: Two types of power supply are available — (1) an  Cabinet: Shielded, oak, with cover.

B e e s o 00 walto. The ar any  Dimensions: Width 814, height 2215, depth § inches (220 by 575 by

tes from a 105- to 125-volt (or 210- to 250-volt), 40 to 60-cycle 215 mm), over-all, with cover closed.

ine. It will also operate from a 400-cycle supply. The battery power ~ Net Weight: With battery power supply, 2015 pounds (13.5 kg);
supply consists of one No. 6 dry cell and three 45-volt batteries. This ~ with ac power supply, 2614 pounds (12 kg); Tyee 544-P10, 1415
s 45 volts for the tube anode and 90 volts for the test voltage. ~ pounds (6.5 kg); TpE 544-P3, 1114 pounds (5.2 kg).

External Bridge Voltage: Up to 500 volts ean be applied from an exter- Shipping Weight: 35 pounds (159 kg); Tyee 544-P10, 22 pounds
al source. (10 mm); Tyee 544-P3, 19 pounds (9 mm).

Type | | Code Number |  Price I —
1-BA | Megohm Bridge, with AC Power Supply | 0544-9807 | $450.00 .
}-BB | Megohm Bridge, Battery Operated r

} (Including Batteries) 0544-9808 315.00
P3 | AC Power Supply Unit Only 0544-9603 180.00

Battery Power Supply Unit Only 0544-9610 45.00

FOR MEASUREMENT OF INSULATION RESISTANCE,
RESISTIVITY, DIELECTRIC ABSORPTION
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BRIDGES

Type 1862-C MEGOHMMETER

o ¢ Direct reading and simple to operate.
E + Test voltages of 100 and 500 permit approximate measurement of voltage coefficient,
s FEATURES: + Voltage can be removed from tNKNowN terminals by setting of either switch to piscHARGE
6 8 position, thus permitting connections to be made without danger of shock.
) ¢ Panel light indicates when voltage applied to terminals.
s ¢ Guard and ground terminals provided.
USES: Rugged, versatile, and safe, this megohmmeter apid and accurate measurement of the leakage resistance
rapidly measures wide ranges of resistance at either of two  of capacitors, : .
test voltages. The 100-volt level is the E1s standard for Guard and ground terminals permit measurement of
measurement of composition, film, and wire-wound re- grounded or ungrounded two- or three-terminal resistors.
smtors.abo}:f e 100 lfllﬂhms' T};p ‘BUOTV?lE level is a.standarc} DESCRIPTION: The megohmmeter consists of a regulated
value in the measurement of the insulation resistance of 1, \wer supply, a complement of resistance standards, and
rotating machinery, transformers, cables, capacitors, ap-  an indicating meter. The indicator is a balanced, de,
pliances, and other electrical equipment. vacuum-tube voltmeter that has a very high input re-
Regulated power supply and charging circuit permit  sistance.
SPECIFICATIONS
Range: (.5 to 2,000,000 megohms at 500 volts and to 200,000 meg- Calibration: Switch position is provided for standardizing the cali-
ohms at 100 volts. There are six decade steps selected by a multiplier bration at 500 volts.
switeh = S &
2 ; p O : Power Requirements: 105 to 125 (or 210 to 250) volts, 40 to 60 eps
Scale: [lach resistance scale up to 500,000 megohms utilizes 909, of O A R ) o ; il ) ' : '
the meter scale. Center-scale values are 1, 10, 100, 1000, 10,000, and frz-l \L‘lgrtlt(?ié I:::“t‘ﬂlﬁ:)wc ‘:}H operate satisfactorily on power-supply
100,000 megohms for 500-volt operation. FAISICIES. ] e
Accuracy: From +39%, at the low-resistance end of each decade to Accessories Supplied: Spare fuses, two color-coded test leads.
+129, (accuracy to which the scale ean be read) at the high-resist- Tl T T iyt I ‘ oy e St
anng A up to 50,000 megohms, There can be an additional +2% Cabinet: Flip-Tilt; relay-rack model also is available. (See page 210.)
error at the top decade. Dimensions: Portable model, case closed — width 1114, height 814,
Voltage on Unknown: 100 or 500 volts, as selected by switch on front depth 714 inches (295 by 210 by 190 mm), over-all; rack model —
panel. Indicator lamp is lighted when voltage is applied. Current panel 19 by 54 inches (485 by 135 mm); depth behind panel
available limited to safe value. Voltage acrusslunknm\'n 18 500 vol]ts + o inches (130 mm),
10 volts, or it is 100 volts + 4 volts. This voltage source is regulated e : .
for operation from 105- to 125 (or 210- to 250-) volt lines. f:;fﬁwkol_ﬂ’hi. Portable model, 9 pounds (4.1 kg); rack model, 10 pounds
Terminals: Unknown, ground, and guard terminals. All but the ground 0 KE).
terminals are insulated. The voltage is removed from the terminals Shipping Weight: Portable model, 16 pounds (7.5 kg); rack model,
in the pISCHARGE position of either switeh, 23 pounds (10.5 kg).
Type | | Code Number |  Price
1862-C Megohmmeter, Portable Model | 1862-9703 l $310.00
1862-9844 Megohmmeter, Rack Model 1862-9844 310.00
MEGOHM BRIDGE: The Type 544-B Megohm Bridge, a bridge for resistance measurements in the
megohm range, is described on page 47.
ELECTROMETER: The Type 1230-A Electrometer and D-C Amplifier, described on page 140, meas-
ures resistances as high as 5 X 10Y ohms as well as very low voltages and currents.
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@Type 1652-A RESISTANCE LIMIT BRIDGE

¢ Rapid, accurate for limit tests.
¢ Large, open-scale meter, color coded.

FEATURES:

¢ Equally useful for null measurements.
¢ Wide range — one ohm to one megohm.

¢ AC-operated — no batteries needed.

USES: This resistance limit bridge is intended for the pro-
duetion testing of resistors at de. It can be used:

To indicate deviation from nominal value.

To match pairs of resistors.

To compare resistors to a standard sample.

To measure resistance by the null method.

For manufacturers and users of resistors, this bridge is
@ rapid and accurate means for sorting into tolerance
classifications, for selection to close tolerances, and for
matching pairs of resistors for balanced circuits.

In the laboratory, its accuracy is adequate for all but
the most exacting requirements, and it will measure re-
sistors up to one megohm.

For automatic sorting, a relay and amplifier can be
- connected to actuate a selector mechanism.

DESCRIPTION: The circuit is a conventional equal-arm
Wheatstone bridge, supplied from a constant-voltage de
source. The meter indicates percentage deviation directly.
The internal standard consists of seven TyeE 510 Decade-
Resistance Units and is adjustable in 0.1-ohm steps from
one ohm to 1,111,111 ohms.

For limit testing, the standard is set to the desired
nominal value, and the percentage deviation is read from
the meter. Terminals are provided for connection of a
test jig such as the Typre 1650-P1 (page 35).

For matching pairs, the resistor to be matched is sub-
stituted for the internal standard.

For null measurements, the internal standard is ad-
justed to equality with the unknown resistor.

SPECIFICATIONS

—8+

4 E £ 3
ne i
£ 3

o
ge
5

SWITCH

L—_—D-

Schematic circuit diagram of the Type 1652-A Resistance Limit Bridge.

Resistance Range: As a limit bridge, 1 ohm to 1,111,111 ohms with
internal standard; for null measurement, 1 ohm to 1,111,111 ohms
with internal standard; 1 ohm to 2 megohms with external standard.
Limit Range: Meter reads from —209%, to 4+209%, with the standard
E1A (RETMA) tolerance range of +59% and +10% clearly indicated
by gold and silver coloring, respectively.

Accuracy: As a limit bridge, +0.59 or better; for matching, +0.29;
for null measurement, with internal standard, +0.259, above
10 ohms and +0.49, between 1 ohm and 10 ohms; with an exter-
nal standard, from 1 ohm to 2 megohms +(0.2% + accuracy
of standard).

Voltage Applied to Unknown: One volt when the meter indication is
zero; 0.9 volt at —209; 1.1 volts at +209%,.

Power Requirements: 105 to 125 (or 210 to 250) volts, 60 cps. The
power input is approximately 30 watts.

Accessories Supplied: TyreE CAP-22 Power Cord, spare fuses.

Cabinet: Rack-bench (see page 210).

Dimensions: Bench model — width 19, height 834, depth 121 inches
(485 by 225 by 315 mm), over-all; rack model — panel 19 by 834
inches (485 by 225 mm), depth behind panel 11 inches (280 mm).
Net Weight: 29 pounds (13.5 kg).

Shipping Weight: 43 pounds (19.6 kg).

Type | | Code Number |  Price
1652-AM Resistance Limit Bridge, Bench Model 1652-9801 $600.00
1652-AR Resistance Limit Bridge, Rack Model 1652-9811 600.00
1652-AMQ1 Resistance Limit Bridge (50 cps), Bench Model 1652-9495 725.00
1652-ARQ1 Resistance Limit Bridge (50 cps), Rack Model 1652-9496 725.00

File Courtesy of GRWiki.org

IDONVISIST Od
LIWN — S39dari8

49




BRIDGES — LIMIT

@Type 1605-A IMPEDANCE COMPARATOR

AC IMPEDANCE

50

High-speed meter indication — no balancing operation required.
Wide frequency range — 100 eps to 100 ke.

High accuracy.

Versatile — compares impedances of any phase angle.
Wide impedance range — 2 ohms to 20 megohms.

FEATURES:

unbalance.
Guard point available.
Completely self-contained.

* o

.

@

¢

¢ Four internal frequencies — 100 eps, 1 ke, 10 ke, and 100 ke.
v

+

>

Compares both magnitude and phase angle simultaneously and indicates direction of

¢ Terminals are brought out at rear for operation of automatic selection devices, oscilloscope,

or recorder.

¢ Meters are protected from off-scale damage.

USES:
include:

Rapid testing, sorting, and matching of precision com-
ponents, etched boards, subassemblies and complex
networks, either manually or in combination with auto-
matic sorting equipment.

Measuring the effects of time, temperature, humidity,
and pressure on components, with high precision and
continuous indication.

Rapid test for tracking of ganged potentiometers and
variable capacitors.

Frequency characteristics of components.

Easy comparison of quantities usually requiring labora-
tory techniques, such as:

Small impedance differences.
D of low-loss dielectric materials.

D (= é—) of inductors.

Q or phase angle of wire-wound resistors or poten-
tiometers.
Balance of transformer windings.
Semiconductor capacitances.
Can also be used as a null bridge with the addition of
an adjustable standard.

Typical uses for this highly precise instrument

Block schematic of the Type 1605-A Impedance Comparator.

DESCRIPTION: This completely self-contained impedance
comparator indicates directly on two panel meters the
difference in impedance and phase angle between two
elements connected to its terminals. Three highly de-

ACCURATE AND VERSATILE ON THE PRODUCTION LINE AND IN THE LABORATORY

@ File Courtesy of GRWiki.org

PEOANCE DIFFERENCE




sirable characteristics not usually obtained together are
combined in this unique instrument:

— high accuracy
— high speed
— wide ranges of impedance and frequency.

As a result, not only does it bring laboratory aceuracy to
- production- ]mo inspection, but, conversely, it brmge the

speed of the production test to measurements in the
I laboratory.

The basic eircuit of the comparator is a bridge circuit,
with the unknown and standard impedances serving as
two of the bridge arms and the halves of a center-tapped
transformer secondary winding serving as the other two
arms. An internal rc oscillator driving the transformer
primary winding provides frequencies at 100 cps, 1 ke,
10 ke, and 100 ke. The bridge unbalance voltage, reﬂultmg
from mequ.mllty of standard and unknown impedances, is
separated into in-phase and out-of-phase components,
which are amplified and indicated directly by two meters

' RANGES OF MEASUREMENT
| Rerlzl | c l L

1605-A 20 to 20 MQ | 40 pf to 80O uf* 20 wh to 10,000 h
- 1605-AH 2062 to 20 M2 | 40 pf to 8O uf 200 ph to 10,000 h

#To 0.1 pf with reduced accuracy.

‘Frequency: 100 cps, 1 ke, 10 ke, 100 ke, all +39%, from internal
generator.

METER RANGES

Type 1605-AM, -AR:

~ Impedance-Magnitude Difference — +0.3%, +1%, +3%, +10%,
full scale. (Can be adjusted for maximum of 509%.)

y Phun-AngIa Difference — +0.003, +0.01, +0.03, +0.1 radian,
full scale. The phase-angle difference is very nearly equal to the D
difference for capacitors or induetors, or the @ difference for resistors,
as long as the D or Q is less than 0.1.

ype 1605-AHM, -AHR:
Impedance-Magnitude Difference — +0.19;, +0.39, +19, +3%,

, +0.03 radian,

i nce Readings: 39, of full scale; i.e., for the +0.39%, impedance-
erence scale, aecumcv is 0009% of the impedance magnitude
g measured.

ENERAL

age Across Standard ond Unknown: Type 1605-A, approximately
0.3 volt; Type 1605-AH, 1 volt.

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps;
about 100 watts input at 115 volts. Instrument w il operate satis-
ctorily on power-supply frequencies up to 400 cps, provided that
e supply voltage is at least 115 volts.

reading, respectively, impedance magnitude difference in
percent and phase-angle difference in radians.

The transformer is especially designed to have as high
a degree of coupling as possible between the two halves
of its secondary winding. The coefficient of coupling
achieved is greater than 0.9997, and the open-circuit
voltages of the two halves are balanced to within 1 part
in 10°% This makes possible measurement of differences as
low as 0.019, on the Tyee 1605-A and 0.0039, on the
Type 1605-AH and minimizes the loading effect of external
impedances on the bridge transformer.

An unusual type of cathode-follower circuit provides
a very high input impedance for the bridge detector and
also a guard terminal. This shield makes possible the
measurement of high impedances at a distance from the
instrument, as in an environmental test chamber.

For operating external selector circuits, meter voltages
are available at the rear of the instrument; a plug con-
nector is supplied.

Calibration can quickly be checked at any time by
means of a simple built-in network.

SPECIFICATIONS

Long leads from capacitor in conditioning chamber, as shown here, have a
negligible effect on measurement accuracy. Bridge output can also operate
a recorder to give a continvous record of environmental tests.

Accessories Supplied: Type CAP-22 Power Cord, telephone plug,
external-meter plug, adaptor plate assembly (fits panel terminals),
spare fuses.
Cobinet: Rack-bench (see page 210).
Dimensions: Bench model — width 19, height 7, depth 1315 inches
(485 by 180 by 345 mm), over-all; rack model — panel 19 by 7 inches,
depth behind panel 12 inches (305 mm).
Net Weight: 2914 pounds (13.5 kg).
Shipping Weight: 46 pounds (21 kg).

For a more complete deseription of this instrument send for
General Radio Reprint No. E-103.

Type | | Code Number |  Price
1605-AM Impedance Comparator, Bench Model 1605-9801 $875.00
1605-AR Impedance Comparator, Rack Model 1605-9811 875.00
1605-AHM Impedance Comparator, Bench Model 1605-9951 925.00
1605-AHR Impedance Comparator, Rack Model 1605-9961 925.00

PATENT NOTICE. See Notes 4 and 5, page viii. Models with other meter ranges or other frequencies are available on special order.
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BRIDGES

RADIO-FREQUENCY

Type 1606-A RADIO-FREQUENCY BRIDGE

¢ Wide frequency range — 400 ke to 60 Mc. ¢ Direct reading in ohms.

52

FEATURES:

+ Fast, simple operation. ¢ Accurate, reliable measurements.

¢ Small, light, and rugged — suitable for field or laboratory.

USES: The Tyre 1606-A Radio-Frequency Bridge meas-
ures impedances simply and accurately at frequencies
from 400 ke to 60 Me. It measures directly the resistance
and reactance of antennas, transmission lines, networks,
and components. Although the bridge is designed prima-
rily for measuring the low values of impedance most often
encountered in rf devices, its range can be extended by
means of an external parallel capacitor so as to measure
high impedances, such as tuned circuits.

DESCRIPTION: Measurements are made by a series-sub-
stitution method in which the bridge is first balanced by
means of capacitors Cp and C, (see schematic diagram)
with a short-circuit across the unknown terminals. The
short is then removed, the unknown impedance con-
nected, and the bridge rebalanced.

(Cas — Cay)

The resistance is then given by Rx = Rg On

and the reactance by Xy = é(% — ‘CIT
/Py Py

where the subscripts 1 and 2 denote the dial readings for the initial
and final balances respectively.

The unknown reactance at 1 Mc is read directly in ohms
from the dial of Cp, and the unknown resistance in ohms
from the dial of Cy.

The resistive component is measured in terms of a
fixed resistor (Rjz), a fixed capacitar (Cy), and a variable
capacitor (C4). This feature is an important factor in the
high-frequency performance of the bridge because residual
parameters can be made much smaller in a fixed resistor
and a variable capacitor than in a variable resistor.

The TyprE 1606-A Bridge incorporates several important
features in bridge design. A single, internal transformer,
used to couple an external generator to the bridge circuit,
covers the entire 150:1 frequency range of the instrument,
while its triple shielding keeps undesired couplings to an
insignificant level.

A special type of variable air capacitor, having very low
losses and inductance, is used for the reactance balances
and the initial resistance balance. In this capacitor the
complete rotor and stator sections are milled out of solid
blocks of aluminum, a construction that avoids losses at
the joints between plates and spacers and provides the
utmost stability.

Finally, the entire mechanical design is such that the
instrument can operate under difficult environmental
conditions similar to those specified for testing military
electronics equipment, which makes the Type 1606-A
Bridge an excellent instrument for portable field use.

)

)

- D DET.
GEN.
Cp Q
Rp
Cn
UNKNOWN
¥

=

Schematic
diagram.

SPECIFICATIONS

RANGES

Frequency: 400 ke to 60 Me.

Reactance: + 5000 ohms at 1 Me. This range varies inversely as the
frequency; at other frequencies the dial reading must be divided by
the frequency in Me.

Resistance: 0 to 1000 ohms.

ACCURACY

Reactance: At frequencies up to 50 Me, + (2% + 1 ohm + 0.0008 Rf)
where R is the measured resistance in ohms and f is the frequency
in Me.

@! File Courtesy of GRWiki.org

Resistance: At frequencies up to 50 Me,
R
+ I:l% + 0.002477 (1 + —-1000) % +

subject to correction for residual parameters. X is the measured
reactance in ohms. At high frequencies, the correction depends upon
the frequency and magnitude of the unknown resistance component.
A chart from which the correction can be determined is given in the
instruction book supplied with the bridge.

Satisfactory but somewhat less accurate operation can be obtained
at frequencies as low as 100 ke and somewhat above 60 Me. The f2

10+ X
7

Q +0.Iﬂ}

FOR THE MEASUREMENT
OF ANTENNAS, LINES,
NETWORKS, AND COMPONENTS FROM
400 ke TO 60 Mc




term is important only at frequencies above 10 Me. The 1/f term is
important only at very low frequencies when the resistance of a high-
reactance, low-loss capacitor is measured.

GENERAL
Terminals: Generator and detector terminals are locking Tyre 874
Coaxial Connectors. This instrument can be equipped with type N,
BNC, TNC, SC, C, or UHF connectors through the use of locking
adaptors, listed on page 64.
Accessories Supplied: Two leads of different lengths for connecting
the unknown impedance to the bridge terminals; one '%-inch spacer
and one 34-inch, 6-32 serew for mounting components to be measured
directly on the bridge terminals; two Typg 874-R22A Patch Cords for
eonnecting the generator and detector; and one Tyre 874-PB58A
Panel Connector.
Other Accessories Required: Generator and detector. The Tyre 1330-A
Bridge Oscillator and the Type 1211-C Unit Oscillator are satisfac-
tory generators, as are the Tyee 1001-A and the Tvype 805-D Stand-
-Signal Generators. At frequencies above 50-Me, a Tyre 1215-C
Unit Oscillator or a Type 1021-AV Standard-Signal Generator is

recommended. (See pages 114 to 125.)

A heterodyne-type detector, consisting of the Typrr 1232-A Tuned
Amplifier and Null Detector, a local oscillator, and the Tyre 1232-P1
Mixer (page 79), is recommended for use up to 10 Me. If measure-
ments are to be made above 3 Me only, the Tyre 1212-A Unit Null
Detector and the Tyre 1212-P3 Mixer can be used. A well-shielded
communications receiver covering the desired [requency range also
makes a satisfactory detector. It is recommended that the receiver be
fitted with the Tyre 874-PB58A Panel Connector or other coaxial
connector to avoid leakage at the input connection.

Cabinet: Welded aluminum. A luggage-type carrying case is available
separately.

Dimensions: Width 1214, height 914, depth 1014 inches (320 by 245
by 260 mm), over-all.

Net Weight: 23 pounds (10.5 kg) without carrying case; 29 pounds
(13.5 kg) with carrying case.

Shipping Weight: 30 pounds (13 kg).

For a more complete description of this instrument refer to the
General Radio Experimenter, 30, 1, June, 1955.

PATENT NOTICE. See Note 4, page viii.

The Type 916-AL Radio-Frequency Bridge uses the
same series-substitution ecircuit as the Type 1606-A to
cover the low and medium frequencies between 50 ke
and 5 Me.

An important feature is the AX dial, which greatly
facilitates the measurement of large capacitances and
small inductances.

RANGES

Frequency: 50 ke to 5 Me. Satisfactory operation for many measure-
- ments can be obtained at frequencies as low as 15 ke.

Reactance: =+ 11,000 ohms at 100 ke. This range varies inversely as the
frequency; at other frequencies the dial readings must be divided by
the frequency in hundreds of ke. To facilitate the measurement of
small reactances, the instrument is provided with an inecremental
reactance dial which has a range of 100 ohms at 100 ke.

Resistance: (0 to 1000 ohms.
- ACCURACY
Reactance: Below 3 Me, +(29 + 0.2 X ifo—on + 3.5 R X 10710),

Jke

‘where R is the measured resistance in ohms and fi. is the frequency
" in ke. The errors increase at frequencies above 3 Me; at 5 Me, the
peuracy is +(29; 4 0.012 + 2.3R14 X 102 Q).

stance: Below 5 Me, +(19% + 0.1Q), subject to correction for
ual parameters at low frequencies. The correction depends
the frequency and upon the magnitude of the unknown react-
component.

ENERAL

inals: Generator and detector terminals are locking Tyee 874
dal Connectors. This instrument can be equipped with type N,
C, TNC, SC, C, or UHF connectors through the use of locking
aptors, listed on page 64.

ories Supplied: Two input transformers, one covering the lower
ion of the frequency range, the other the higher portion; two

T'ype | | Code Number |  Price
1606-A Radio-Frequency Bridge | 1606-9701 $750.00
1606-P1 Luggage-Type Carrying Case 1606-9601 25.00

Type 916-AL RADIO-FREQUENCY BRIDGE

leads of different lengths (for connecting the unknown impedance);
two Type 874-R22A Patch Cords for connecting generator and
detector; one TypE 874-PB58A Panel Connector.

Other Accessories Required: Generator and detector. The Tyrr 1330-A
Bridge Oscillator (page 111) and the Type 1211-C Unit Oscillator
(page 114) are satisfactory generators, as are the Type 1001-A and
the Type 805-D Standard-Signal Generators (pages 122 and 124).
A heterodyne-type detector, consisting of the [E'YPE 1232-A Tuned
Amplifier and Null Detector (page 79), a local oscillator, and the
Tyrpe 1232-P1 Mixer, is recommended. A well-shielded radio receiver
covering the desired frequency range also makes a satisfactory
detector. It is recommended that the receiver be fitted with the
Tyre 874-PB58A Panel Connector to avoid leakage at the input
connection.

Caobinet: Luggage-type. Both input transformers are stored inside
the case.

Dimensions: Width 1314, height 17, depth 1114 inches (345 by 435
by 290 mm), over-all.

Net Weight: 3414 pounds (16 kg).

Shipping Weight: 45 pounds (20.5 kg).

| Code Number | Price
| 0916-9831

Type |
916-AL | Radio-Frequency Bridge
PATENT NOTICE. See Note 4, page viii.

| $825.00

50 ke to 5 Mc —F]—=

“ l (T
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BRIDGES — UHF-VHF

IMPEDANCE —

Type 1602-B UHF ADMITTANCE METER

¢ Direct reading in admittance components — conductance and susceptance — independent

- ADMITTANCE

54

of frequency.

¢+ With line stretcher, can indicate impedance direetly.

FEATURES:

¢ Can measure vswr directly, with Type DNT Detector or any other linear detector.

¢ No sliding balance — resistive and reactive adjustments are independent.
¢+ Wide frequency range — direct reading from 40 to 1500 Me.

¢ Accurate, rapid, easy to use.

USES: This null-type impedance-measuring instrument is
particularly useful for measurements on coaxial systems:
antennas, lines, coaxial components.

It ean be used as an indicator for adjusting a network
to a predetermined admittance or for matching one net-
work to another, and is particularly useful in matching
antennas and other networks to 50-ohm circuits.

As a comparator, the Admittance Meter can be used
to determine impedance magnitude, reflection-coefficient
magnitude, and voltage standing-wave ratio. Direct-read-
ing measurements of vswr can be made when a linear
detector is used.

The usefulness of the Admittance Meter is greatly en-
hanced by the many accessories available for use with it.
Among these are:

The Tyre 874-LK20L Constant-Impedance Adjustable
Line, which 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 directly in impedance parameters, i.e., the series
resistance and reactance of the unknown.

The Type 874-UBL Balun, for use in measuring balanced
impedances.

The Tyre 874-ML Component Mount, which provides
a convenient means of connecting lumped elements (resis-
tors, capacitors, or inductors) to the Admittance Meter
for measurement.

Low-vswr adaptors (which can be locked in place) for
most types of military connectors and (nonlocking) for

Schematic diogrom of admittance-meter circuit, with standards, generator,
and null detector connected for admittance measurements.

rigid vhf and uhf transmission lines used with Tv trans-
mitting antennas. With these adaptors and the adjustable
line mentioned above, the over-all accuracy of measure-
ment is more than adequate for measurements in the
design, test, and installation of antennas.

A UNIQUE INSTRUMENT FOR UHF-VHF ADMITTANCE,
IMPEDANCE, AND VSWR MEASUREMENT FROM

40 TO 1500 Mc

File Courtesy of GRWiki.org



DESCRIPTION: The Typre 1602-B UHF Admittance Meter
comprises a coaxial line to which the unknown is con-
nected, a shielded pickup loop to sample the current, a
second line and loop terminated in a pure resistance, and
a third line and loop terminated in a pure reactance. All
are fed from the same voltage source, so that their input
voltages are in phase, and the current in each line is pro-
portional to the admittance. The voltage induced in each
loop is proportional to the current in the corresponding
line and is dependent upon the orientation of the loop,
which is adjustable.

The three loops are connected in parallel, and the voltage
from the loop in the unknown line is canceled by adjust-
ment of the loops coupled to the standard lines until a
null is reached. The conductance and susceptance of the
unknown are read directly from the scales of the standard
loops, while the scale of the loop in the unknown line
indicates the multiplying factor.

This arrangement produces the effect of continuously
variable elements by using known fractions of the currents
in fixed elements.

The Type 874-ML Component Mount is shown here attached to the Type 874-

skl

LK20L Constant-I e Adj Line. These useful accessories plug
easily into the Admittance Me'er Also shown is the Type 874-Z Stand, which
provides support.

SPECIFICATIONS

RANGES OF MEASUREMENT

Admittance: Theoretically, zero to infinity; practically, the lower limit
is determined by the smallest readable increment on the scale, which
is 100 micromhos (0.1 millimho). The scale upper limit is about
1000 millimhos. With the 0.1 multiplier plate, the smallest readable
increment is 0.01 millimho; the upper limit is about 10,000 millimhos.
Range is the same for both eonduectance and susceptance, but sus-
ceptance can be either positive or negative, i.e., the susceptance dial
is calibrated from —20 to +20 millimhos. Scale-multiplying factors
from 1 to 20 are provided on the dial, and, with the 10:1 multiplier
plate, the limit is extended to 200.

Standing-wave ratios of less than 1.2 can be measured by a direct-
reading method; the standing-wave ratio is read directly from the
meter of a TypE DNT Detector (or equivalent) without adjustment
of the Admittance Meter controls. vswr as high as 10 can be readily
measured by a voltage-ratio method.

Frequency: 40 to 1500 Me, direct reading. Range can be extended
downward to 20 Mg, if a frequency correction is applied to the sus-
ceptance reading.

Accuracy (for both duch
Up to 1000 Me,
from 0 to 20 mllhmhos, + (3% + 0.2 millimho)
from 20 to o millimhos, + (3vM% + 0.2 millimho) where M
is the scale-multiplying factor.

Above 1000 Me, errors inerease slightly, and, at 1500 Me, the basic
figure of 39, in the expression above becomes 5%. For matchmg
impedances to 50 ohms, the aceuracy is 3% up to 1500 Me. When the
multiplier plates are used, the fixed error of 0.2 millimho is reduced
to approximately 0.04 millimho.

and pt ):

GENERAL

Accessories Supplied: Two TypPE 1602-P4 50-2 Terminations, for use
as conductance standards, and one Type 1602-P1 Adjustable Stub
and one Type 1602-P3 Variable Air Capacitor, for susceptance
standards; two TypE 874-R22LA Patch Cords for connections to gen-
erator and detector; and one TyprE 874-PB58A Panel Connector
for installation on detector, if needed; Type 1602-P10 and -P11
Multiplier Plates. A wooden storage case is furnished.

Other Accessories Required: Generator and detector. Generator should
cover desired frequency range and deliver between 1 volt and 10
volts. Type 1208-C (65 to 500 Mec), Type 1215-C (50 to 250 Me),
Type 1209-C (250 to 920 Me) and Type 1218-A (900 to 2000 Me)
Unit Oscillators and the Type 1361-A UHF Oscillator (500 to 1000
Me) (pages 114-117) are recommended. The Type 1021-AU and -AV
Standard-Signal Generators are also satisfactory.

Detector sensitivity should be better than 10 microvolts. TyrE
DNT Detectors (page 81) are recommended,

Other Accessories Available: Coaxial adaptors (page 64); line stretcher
(page 71); balun (page 73); and component mount (page 72); Smith
charts (page 65).

Terminals: All terminals are Type 874 Coaxial Connectors and are
locking-type, except for the detector terminal. Adaptors to other
types of coaxial connectors (page 64) can be used on the generator
and detector terminals.

Dimensions: Width 514, height 714, depth 514 inches (140 by 195 by
140 mm), without standards or unknown.

Net Weight: 814 pounds (3.8 kg).
Shipping Weight: 18 pounds (8.5 kg).

Type | | Code Number |  Price
1602-B UHF Admittance Meter 1602-9702 $325.00
874-LK20L Constant-Impedance Adjustable Line 0874-9631 42.00
874-ML Component Mount 0874-9663 29.50

PATENT NOTICE. See Note 4, page viii.

OTHER COAXIAL IMPEDANCE-MEASURING DEVICES: Type 1607-A Transfer-Function
and Immittance Bridge (page 56), Types 874-LBA and 900-LB Slotted Lines (pages 65 and 76).

File Courtesy of GRWiki.org
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BRIDGES — UHF-VHF

Type 1607-A TRANSFER-FUNCTION AND IMMITTANCE BRIDGE

z ¢ Simple to operate. Suitable for both laboratory and routine production measurements.
24 ¢ Measures effective network parameters of transistors, diodes, tubes, and two-terminal and
g F : four-terminal networks, active and passive.
2 EATURES: ¢ Wide frequency range — 25 to 1500 Mec. ¢ Direct reading.
E’ ¢+ Component mounts available for commonly used transistors and tubes.
i ¢ Built-in provisions for de biasing.
Zz
< . ‘ ’ 5 g
&  USES: The Transfer-Function and Immittance* Bridge is ;
a null-type instrument for vhf and uhf measurements of the = s',my
forward and reverse complex transfer functions and the 2 =
input and output impedances and admittances of four- e
terminal electrical networks, either active or passive. The ‘ l[ _L ’—“; ]F,.&r
complex impedance or admittance of two-terminal eircuits
or components can also be measured easily. ”

A few examples of the measurements that can be made Type 1607-P101 Type 1607-P201 Type 1607-P401
with this bridg(a are: Transistor Mount Tube Mount Tetrode Transistor Mount
Transistors — a, B, hy, h., hi; ho. DESCRIPTION: The TypE 1607-A. Transfer-Function and
Tunnel Diodes — Equivalent circuit parameters. Immittance Bridge comprises three identical loops, fed
Vi Dol % d Ve ¥ 47y from a common source and magnetically coupled to three

CLARER SH0SE¥ £ QHA. Ly, T1 804 L9, coaxial lines. One of these lines is terminated with a resist-
General two-terminal or four-terminal networks — ance standard, one with a reactance standard, and one with

Biny Loty T, Toas the network to be tested. The coupling of each loop is ad-

o e B justed until a null is obtained on an external detector in

I /} }’ 1. ¢ d B,/ B, E\/E which the three lines are terminated. Each loop has a cali-

&/ %3 232 AR0. B/ Ly Saf L. brated scale and the settings at null condition indicate the
Ungrounded components — value of the unknown.

Inductors — inductance and self-resonance. Two interchangeable loop-and-scale assemblies (Trans-

Capacitors — capacitance and resonances. fer-Function Indicator and Immittance Indicator, respec-

Resistors — resistance and shunt capacitance. tively) allow either four-terminal or two-terminal networks

. b : to be measured with e se.
Components, Coaxial Lines, and Other Grounded T e th “_lth e(c]iual eased. At

Elements — Z. Y , VSWR. L'wo cons ar}t-lmp@ ance, adjustable- ength lines are

» ¥ el built into the instrument to eliminate the need for lead
* Immittance = impedance and/or admittance, corrections.
FOR TRANSFER-FUNCTION, IMPEDANCE,
AND ADMITTANCE MEASUREMENTS FROM
25 TO 1500 Mc
Instrument with Transfer-Function Indicater mounted in place.
: -
-~
56
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Accessories and storage
box for the Transfer-

Function and Immittance ..F___;T*‘-__'_T:._— =
Bridge. o e

i —
rw B »‘}3 CSS o

— = I e

SPECIFICATIONS

Frequency Range: 25 to 1500 Me, with reduced accuracy above 1000
Me and when flexible ecable is used in the lines. The use of this cable
is required at frequencies below 150 Mec and is optional at other
frequencies.

Measurement Range:

Voltage and Current Ratios

Accuracy: (up to 1000 Me)
2.5(1 + VB) % + 0.025*

(R) 0-30
Tmnﬁ%?ﬁfm(&l) 2.5 (1 g g_:]l % + 1.25 ohms*
Tramsadnittance (1) 2.5 (1 + \[32) % + 0.5 mmbo*
Imp%d_z}nn%eb(fﬁgm 2.0 (1 o % % 4 1.0 ohm*
Mmahw&cem(él’ﬁgs 2.0 (1 re \j%) % =+0.4 mmho*

;e\:li’hen the 0.1 multiplier plate is used, these residual errors are significantly

DC Bias: Terminals are provided for introducing de bias from exter-
nal sources. Maximum bias current, 2.5 amperes, continuous; higher
currents are permissible for short periods; maximum bias voltage,
400 volts.

Accessories Supplied: Range-FExtension Unit; Transfer-Function Indi-
cator; Immittance Indicator; 6 terminations (open, short, matched,
etc.); standards; 10-db attenuator; 8 air lines (21.5 and 43 cm);
3 U-line sections; constant-impedance adjustable line; a special tee;
two 0.1 multiplier plates; 10 patch cords; carrying case with storage
space for instrument and accessories.

Accessories Required: Generator, detector, and mount for unknown
device. Unit Oscillators (page 112) and Type DNT Detectors (page
81) are recommended. For coaxial adaptors, see page 64. See below
for mounts available.

Other Accessories Available: Four transistor mounts, ungrounded
component mount, and tube mounts listed in the price table below.

Dimensions: Case, 1114 by 1414 by 40 inches (290 by 370 by 1020 mm),
over-all.
Net Weight: 63 pounds (29 kg).
Shipping Weight: 132 pounds (61 kg).

For a more complete deseription of this instrument, refer to the
General Radio Experimenter, 32, 10, March, 1958, and 33, 5, May, 1959.

"B" Line -
=8 18.* ¥ |20mmho
T s

External
Detector

|

"Network Input” Line

64 20mmho [Eg*<lu My l‘n n length = n A/4, n=even
g mmho |Eg Ml 3 E—lom I ar odd 'u!nealr\
-lln—'\Mt—’—- g LI, M~ w
“6" Line 4 Y1 Y, =b‘ . Eyvly
= CE |~ .|||'—T =
I ks I
L=
Input INeruorh
/ nundu
A Test
/ P Output |
2 ~
P 7L—1 g —
/C Ex ¥,
External
(’\:)Olti”BYof

N_"Network Output” Line
length=nyA/a, n, « even or odd
Integer iﬂl not olwoys egual to nzr

al—

Schematic diagram of rf circuits of the Transfer-Function and
Immittance Bridge.

Type Code Number Price
1607-A Transfer-Function and Immittance Bridge | 1607-9701 $1775.00
1607-P101 Transistor Mount (JETEC-30, 0.200 in. D

pin circle, for TO-5, -9, -11, -39 and simi-

lar packages) 1607-9992 60.00
1607-P102 Transistor Mount (JETEC-30, 0.200 in. D

pin circle, grounded emitter, for TO-5, 9-,

-11, -39, and similar packages) | 1607-9993 60.00
1607-P111 Transistor Mount (0.100 in. D pin circle, |

grounded base, for TO-1, -18, -23, -24,

and similar packages) 1607-9994 65.00
1607-P201 Tube Mount (7-pin miniature, grounded

cathode, for Type 6AN4 and similarly

based tubes) 1607-9995 75.00
1607-P401 Tetrode Transistor Mount (0.200 in. D

pin circle, grounded base, for TO-12 and

similar packages) 1607-9996 65.00
1607-P601 Ungrounded Component Mount 1607-9997 25.00

PATENT NOTICE. See Note 4, page viii.
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BRIDGES

VACUUM-TUBE

Type 1661-B VACUUM-TUBE BRIDGE

The Type 1661-B Vacuum-Tube Bridge measures the low-frequency dynamie coefficients

58

USES:

of electron tubes and transistors over wide ranges and under a wide variety of conditions.

It is suitable for research, development, and production measurements.

For electron tubes, independent, direct-reading measure-
ments of voltage-amplification factor, resistance, and
transconductance can be made quickly and easily. Voltage
and current ratings permit many transmitting tubes to be
tested. The bridge meets the requirements of IEC Docu-
ment 39 (Secretariat 111).

For transistors, the short-cireuit conductance param-
eters ¢gi, ¢, ¢., and g, and the h, and h; parameters can
be determined directly. With external shielding some
open-circuit parameters can be measured. The h, ()
and ;. (8) parameters and open-circuit impedance param-
eters can be caleulated from short-circuit conductance
measurements.

DESCRIPTION: In this ac null method of measurement,
each of the three coefficients is obtained in terms of the
ratio of two alternating test voltages. Resistance, voltage
ratio, and transconductance parameters can be measured
with reference to any pair of electrodes. Connections are
made with coaxial patch cords. Each section of two-
section tubes can be tested independently.

FEATURES:

+ Simple to operate.

¢ Measures both positive and negative values of tube
parameters.

¢ Switch provides for both static and dynamic measure-
ments on one- or two-section tubes.

SPECIFICATIONS

Range: Amplification factor (¢), 0.001 to 10,000.

Dynamic internal plate resistance (r,), 50 ohms to 20 megohms,

Transconduectance (g.), 0.02 to 50,000 micromhos.

The various parameters can also be measured with respect to differ-
ent electrodes, such as sereen grids, ete.

Accuracy: Within +29 for resistances (r, switch position) from
1000 ohms to 1 megohm, At lower and higher values the error
increases.

The expression u = r,g, will check to +29% when the quantities
are all measured by the bridge, and when r, is between 1000 ohms
and 1 megohm.

Frequency: 270 to 400 eps, or 1000 cps.

Tube and Transistor Mounts: Adaptors are provided for 3- and 4-lead
transistors and for tubes of 4-pin, 5-pin, 6-pin, small 7-pin, large
7-pin, octal, loctal, miniature button 7-pin, miniature button 9-pin
(noval), acorn (5- and 7-pin), flat-press subminiature up to 7 wires,
and 8-wire subminar. In addition, a universal adaptor, with nine
soldering lugs, is provided for unbased transistors, unmounted tubes,
or tubes with nonstandard bases, For short-lead subminiature tubes,
for Nuvistors, and for transistors, sockets are supplied which can be
mounted on the universal adaptor. The panel jack plate and the
adaptors are made of low-loss (natural) phenolic, reducing to a mini-
mum the shunting effect of dielectric losses on the dynamie resistance
being measured.

Current and Voltage Ratings: Maximum allowable plate current,
400 milliamperes; maximum plate voltage, 1500 volts.

Electrode Voltage Supply: Batteries or other suitable power supplies
are necessary for providing the various voltages required by the
device under test.

Bridge Source: TYPE 1214-A Oscillator (page 110) or Tyee 1311-A
Audio Oscillator (page 109) is recommended.

STANDARD
/RESISTANGE

4 T o

Simplified diagram of the
circuit employed for the
measurement of transcon-
ductance with the Type
1661-B Vacuum-Tube
Bridge. The points of in-
troduction of the test volt-

CAPACITANCE
ages e;and e,arechanged BALANCE
by a switch when the other  pECHAL

coefficients are measured.
Another switch reverses
the polarity of e; when
negative values of the co-
efficients are to be
measured.

~ AT TENUATOR

Null Detector: The Type 1232-A Tuned Amplifier and Null Detector

(page 79) and the Type 1212-A Unit Null Detector (page 80) are

recommended.

Accessories Supplied: Adaptors and sockets as listed above, all neces-

sary plug-in leads and shielded patch cords for connecting generator

and detector, adaptor case. o

Cabinet: The instrument is mounted in a hardwood cabinet. A wooden

storage case is provided for the adaptors and leads. Storage space is

provided for a spare universal adaptor, on which any type of socket

can be permanently mounted.

Dimensions: Panel, 1534 by 20 inches (400 by 510 mm); height above

bench, 11 inches (280 mm). y

Net Weight: 54 pounds (24.5 kg) with accessories.

Shipping Weight: 90 pounds (41 kg).
Typg I Price

1661-B

| Code Number |
| 1661-9702 | $1100.00

Vacuum-Tube Bridge

FOR MEASUREMENTS OF
OPERATING PARAMETERS OF
VACUUM TUBES AND TRANSISTORS
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COAKIAL INSTRUMENTS AND COMPONENTS

The inductance, capacitance, and radiation of ordinary
wire leads make them unsuitable for most circuit applica-
tions at vhf and above. When they are arranged as con-
centric lines with uniform spacing, lead radiation and
stray-field effects are eliminated, and inductance and
capacitance are distributed uniformly. This coaxial-line
arrangement also ideally has a constant value of character-
istic impedance due to the uniform distribution of in-
ductance and capacitance. One value of characteristic
impedance — 50 ohms — has been widely adopted.

General Radio coaxial components are built around a
standara %g-inch-diameter rigid air line with a charac-
teristic impedance of 50 ohms. While rigid line closely
approximates the ideal, flexible coaxial cable (with solid
dielectric between the conductors) is required for a variety
of practical situations. Connectors compatible with a
broad range of flexible cable sizes are available to supple-
ment the basic air-line components.

Measurements at these frequencies pose special problems
which are most readily overcome by use of coaxial tech-
niques; the basic general-purpose coaxial instrument is
the slotted line (see page 65). Bridge-type circuits built in
coaxial-line form are also used for measurements at very-
high and ultra-high frequencies. Instruments of this type
are the Admittance Meter and the Transfer-Function and
Immittance Bridge (see pages 54-57).

In coaxial measurements, even minor variations in the
characteristic impedance anywhere in the system introduce
reflections of incident energy and set up voltage standing-
wave (vswr) patterns, which reduce system precision

DC TO MICROWAVE

and increase frequency sensitivity. Careful design, close-
tolerance production, and exacting quality control are
required to achieve the consistently low vswr that is
characteristic of General Radio coaxial components.

Since coaxial instruments are no better than the con-
nectors used with them, the core element of any family
of coaxial devices is the connector. It must combine
repeatable, low-reflection performance with ruggedness
and ease of use. Fifteen years ago General Radio developed
the Type 874 connector series, which uniquely meets those
requirements in general laboratory use. Through the years
the Type 874 design has undergone many refinements
and has been extended to a host of new applications., In
that time it has become standard on all GR instruments
requiring a coaxial terminal and has been the basis for
the development of a broad line of coaxial instruments
and accessories of ever-increasing accuracy.

To meet the growing need of standards laboratories for
even higher accuracy, General Radio has developed a
practical, wltra-precision, coaxial connector and associated
instruments and accessories, This new line (see page 74)
is based on the Type 900-BT Precision Coaxial Connector.

For maximum utilization of instruments and for the
construction of developmental and measurement circuits,
many different types of coaxial elements are required.
The General Radio line of coaxial connectors, adaptors,
terminations, filters, attenuators, isolators, detectors, fixed
and adjustable air lines, tees, elbows, and other accessories
includes most types of commonly used coaxial-circuit
components.

INDEX TO TYPE 874
See also type number index at the back of this catalog
Component Page Component Page Component Page
Accessories, Slotted-Line 66 Flexible Line 66 Rectifler, Voltmeter 67
Adaptors 64 Indicator, Voltmeter 67 Rotary Joint 72
Adjustable Lines 71 Inductor, Series 68 Series Inductor 68
Air Lines 71 Insertion Unit 72 Short-Circuit Terminations 70
Attenuators &9 Isolators 68 Slotted Line 65
Balun 73 Kit, Cable Measurement 66 Slotted-Line Accessories .1}
Cable 66 Kit, Slotted-Line 66 Smith Charts 65
Cable Connectors 63 Lines 71 Stand 73
Capacitor, Coupling 72 Adjustable 71 Standard Terminations 70
Copacitor, Variable 68 Constant-Impedance 71 Stubs 68
Clamps 73 Radiating 72 Tee 72
Cliplock 72 Rigid 71 Terminal Pad 73
Component Mount 72 Trombone 73 | Terminal Unit 73
Connectors 43 Low-Pass Filters 68 Terminations 70
Constant-Impedance Line 71 Micrometer Vernier 45 Tool Kit 63
Coupling Elements 72 Mixer Rectifier 67 Trombone Line 71
Coupling Probe 72 Mount, Component 72 Tuning Elements 68
Crimping Tools 63 Open-Circuit Termination 70 Variable Capacitor 68
Detectors 67 Panel Connectors 63 Vernier, Micrometer 65
Ell 72 Patch Cords 70 Voltmeter Detector 67
Filters, Low-Pass 68 Probe, Coupling 72 Voltmeter Indicator 67
Fixed Attenuators 69 Radiating Line 72 Voltmeter Rectifier 67

Precision coaxial components in the Type 900 series are described on pages 74—77.
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@Type 874 SERIES COMPONENTS

(Z) A comprehensive line of coaxial components and - Sl [ CEAR JOLTASE. M0 SaiETiaE PR VDTS
. = 50 A=1500
6 instruments for general laboratory use comprises the g : = POWER RATINGS FOR _ 51268
2 General Radio Type 874 series. All elements have a g 20 S ” o300 1
"2} =
O characteristic impedance of 50 ohms, and most have i ~ ’ €= 200 1
o & - z 5 A
E a low vswr from de through 7 Ge. By virtue of its = B Sl B
- . . L BC—
broad line of connectors and low-reflection adaptors, g 2f=F \\ %\
the TypE 874 series can be combined with most repre- 3 I E e ~
sentative military-type coaxial-cable and -connector & 05 A S‘k
« - » . . § DBE \t\\\
series and with larger air lines. Power-handling and e N ‘
agiy e . . . = |
peak-voltage capabilities for the entire line appear in £ 0. \ \ \
_ w 10Kc 100Ke IMc 10Mc 100Mc 1Ge 10Ge
the adjacent figure and the chart below. % FREQUENCY
See Curve Category Applicable Type 87/ Units Peak Volts
Connectors -B, -BL, -PLT, -PRLT, -PFL
Air Lines -L10, -L10L, -L20, -L20L, -L30, -L30L
A Elements -EL, -ELL, -T, -TL 09
Adaptors -QHJA, -QHPA, -QLJA, -QLPA, -QLTJ, -QLTP, -QUIA, -QU2A, -QU3A
B Adjustable Air Lines | -LAL, -LK10L, -LK20L 1500
Connectors -CA, -CLA, -CBA, -CL8A, -PBA, -PBBA, -PLA, -PL8A, -PRLA, -PRL8BA
o Adaptors -QCP, -QCJA, -QCJL, -QNP, -QNJA, -QNJL, -QSCP, -QSCJ, -QSCIL 1000
Patch Cords -R20A, -R20LA
Connectors -C58A, -CL58A, -C62A, -CL62A, -PB5BA, -PB62A, -PL5BA, -PL62A, -PRL5BA, -PRL62A
Adaptors -QBJA, -QBJL, -QBPA, -QTNJ, -QTNJL, -QTNP, -QUJ, -QUIL, -QUP 500
D Elements -K, KL
Patch Cords -R22A, -R22LA
Slotted Line -LBA 1500
E Filters -F185L, -F500L, -F1000L, F2000L, -F4000L 200
i Connectors -C174A, -CL174A, -PB174A, -PL174A, -PRLI74A 360
Adaptors -QMDJ, -QMDJL, -QMDP
*
@ Type 874 COAXIAL CONNECTOR
i i i RETAINING INNER OUTER
Since a coaxial connector is very much a part of a RING BEAD CONDUCTOR GCONDYCTOR
transmission line, it must not significantly add to the PR T
vswr of the line. The General Radio Type 874 Coaxial NUT \
Connector, designed primarily for use in measurement ot gkt i Bk Y‘ ,<}1 o (S
systems, offers excellent performance in this respect as 1., '874 Connector. v W
well as unmatched mechanical convenience. It possesses
the lowest reflection characteristics of any standard,
general-purpose, 50-ohm coaxial connector in its frequency (on patch cords or panel mounted), with single-wire
range. Typically, its vswr performance is superior to that  solder terminals, and as panel feedthroughs.
of the most highly regarded military-type connector in The basic elements of the Tyre 874 Coaxial Connector,
common laboratory use, as is demonstrated by the curves as shown in the exploded view, are an inner conductor,
given in the adjacent figure. an outer conductor, a supporting polystyrene bead, a
phosphor-bronze retaining ring, and a threaded coupling
e i’ DA LR nut. All metal parts are machined and formed to extremely
Tay CURRENT TYPE N ypied ° close tolerance from hard-drawn brass, except for the
o 108 1 N pairs of Type 874-B d TR de of h 4 borvili
Z | 06 St «. and <BL ‘Connettors center conductor, whie 1s made o ea_t-.t-reate ryllium
%104 T T | compared with @ copper to ensure good gripping capability and wear. An
B I e, S, T 17 LA "‘:‘"on::r;h;p:";" Albaloy finish on all surfaces produces high-conduetivity
¥ 20 30 i i 3 1 N 1 1 1
£ LR L L I sl iy for low loss and gives long-lasting tarnish resistance and
durability.
) ) ) Inner and outer conductors are similar in principle;
A unique mechanical advantage is that any two of these  each is essentially a tube with four longitudinal slots in
connectors, although identical, can be plugged together,  one end, with two opposite quadrants displaced inward.
eliminating the_ inconvenience so often encountered with When two connectors are joined, the undisplaced quadrants
the usual plug-jack type connectors. This hermaphrodite  of one overlap the displaced quadrants of the other and
feature, plus the fact that Type 874 connectors merely  form circular inner and outer surfaces. The overlapping,
plug together without twisting, makes them the easiest-  as well as the circularity of the joined connectors, can be
to-use coaxial connectors available. These connectors can  seen in the cutaway view.
be used with air lines, with most types of coaxial cables * PATENT NOTICE. See Note 4, page viii.
60
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Basic Type 874 Connector (right) mated with Type 874 Cable Connector.

For applications requiring a semipermanent connection,
or minimal leakage, locking versions of all connector types
are offered. As with regular Type 874 connectors, the
locking type is hermaphrodite, any two making a pair.
Moreover, locking and nonlocking connectors are fully
compatible. In addition, two locking connectors can be
joined without locking, retaining the speed and con-
venience advantages of the regular connectors. Locking
connectors, besides furnishing a strong mechanical connec-
tion, provide optimal leakage reduction. A comparison of
leakage results of mated pairs of Typr 874 locking con-
nectors with pairs of other leading types is shown below.

In the locking version, the basic connector is equipped
with a nickel-chrome-finished locking nut, threaded on
the inside and knurled on the outside, and a threaded
coupling nut. When two locking connectors are joined
(refer to the section view), the locking nut of the second
connector is backed off and not used. The locking nut
draws the two connectors together until the two coupling
nuts come in contact. In this position, the mating elements
of the connector are -engaged, but are not bottomed.
Bottoming is avoided to prevent damage to the connector
and to preserve a low VSWR.

Virtually all coaxial components in the Type 874 series
are available with either locking or nonlocking connectors;
all coaxial instruments are equipped with locking con-
nectors. In most instances, other General Radio instru-
ments fitted with Type 874 connectors are furnished with
the locking panel-mounted version. An attractive variant
of the panel locking connector is the recessed version,
which provides a coaxial terminal flush with the front of
the panel.

An increasing number of electronic-instrument manu-
facturers, requiring a high-performance coaxial connector

o

Leceno: | T
20 —+} 0—0—0 GRBM-BLILOCKING — +——
4= 4=+ BNCINEW TYPE)
30 X—X—X N — ——
®—0--@ GR B74- BINONLOCKING)
! 40 ME, T — e
5 SENSITIVITY (130 db) T s O
T + - G ’7 et
& GR M-8y~
E Lo r}" BNC, —
o A e h—
Sy - e -
2 0 i
B w / —
“il‘ — / LEAKAGE CHARACTERISTICS
sof—4 1 ——~ - oF .
§ COAXIAL CONNECTORS
¥ wo— —
§ o . ‘
no T
‘ N e
GROTA-BL ——x |
; - —_—
I3 o —
¥ s 0 2.0 3.0 40 5.0 [} 7.0
FREQUENCY -GC

Typical leakage characteristics of Type 874 Connectors compared with
other types.

[BUTT CONTACT OF COUPLING NUTS| SPRING CONTACTS OF CONNECTOR
INNER AND OUTER CONDUCTORS

CONNECTOR [NNER CONDUCTOR / CONNECTOR OUTER CONDUCTOR KEYED
KEYED TO INSULATOR BEAD [ TO INSULATOR BEAD AND LINE

LOCKING NUT ( METAL-TO- METAL JOINT OF
l\ CONNECTOR TO LINE

[UNUSED LOCKING NUT| THROUGH TWO RETAINING
RINGS IN A DOUBLE GROOVE

W W/({”/I{//

h

|FOUR TABS RETAINING
THE INSULATOR BEAD

Section view of Type 874 locking connectors,

24421388

[INNER CONDUCTOR OF LINE
[OUTER CONDUCTOR OF LINE

and recognizing the simplicity, convenience, and adapta-
bility of the Type 874 series, are incorporating this
versatile connector in their advanced equipment designs.
Its unexcelled ability to handle fractional-nanosecond-
rise-time pulses is but one feature that has attracted
attention. Inquiries from interested oEm users are invited.

TYPE 874 CONNECTOR GROUPINGS
The Tyrr 874 coaxial-connector line includes 30 differ-
ent kinds. A complete listing appears on page 63.

Air Line Connectors The T'yrr 874-B and -BL Basic Con-
nectors, regular and locking versions respectively, are for
use on rigid, 50-ohm, air lines made from 24-inch-OD,
9{s-inch-ID tubing and 0.244-inch-diameter rod.

Cable Connectors There are five kinds of Type 874
Cable Connector, each of which is available in locking
and nonlocking versions. They fit a wide variety of
common coaxial-cable sizes, including miniature. In addi-
tion to the General Radio Typr 874-A2 and -A3 Cables,
these connectors fit more than 40 different RG- types (see
the table on page 63) and should be selected on the basis
of cable type. The cable connectors consist of a basic
connector plus inner and outer transition pieces, a soft-
copper ferrule, a heat disk, and a flexible cable guard.
The ecylindrical transition pieces maintain the 50-ohm
characteristic impedance of the connector throughout the
reduction to the cable diameter. The cable inner conductor
is soldered to the inner transition piece, and the cable
braid and jacket are erimp-fastened to the outer transition
by the ferrule. The Neoprene cable guard provides a
protective handle which enhances the exclusive fast-
connection properties of the Typrr 874 design.

The improved ‘““A-suffix”’ cable connectors, here cata-
logued for the first time, offer vswr performance superior
to that of any cable with which they can be used. In fact,
performance is commensurate with that of rigid-line
connectors. And the new connectors are even easier to
assemble, thus minimizing unit-to-unit vswr changes
resulting from assembly variations. Average vswr curves
are given on the next page.

Highlights of the improved design are a change from a
smooth taper to a stepped transition, the addition of the
Teflon heat shield to prevent cable dielectric distortion,
and the introduction of a longer, perforated ferrule, which
secures both cable braid and jacket. The new ferrule thus
prevents the braid from working loose and causing reflec-
tions and leakage. The opening in the gray cable guard

/G\P) File Courtesy of GRWiki.org
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(which identifies the new series) is now sized to grip the
cable securely without compressing it, precluding imped-
ance variations from that source.

Panel Connectors Six panel-connector configurations are
available. There are three versions for each of the five
cable-connector groupings. Basically, they are identical to
the cable connectors, except that the cable guard is
replaced by complete mounting hardware. The three panel-
mounting types, designed for use with cable, are:
(1) Flanged, nonlocking, mounts either side of panel;
(2) Panel Locking, mounts with four screws; (3) Recessed
Panel Locking, mounts with four screws, protrusion in
front of panel limited to 1% inch to save space and present
a neat appearance. Terminal Locking and Recessed Termai-
nal Leocking Panel Connectors, to join single-wire leads
(via a solder terminal) to Type 874 connectors, are also
available.

A recent innovation is the Type 874-PFL, Panel Feed-
through Locking Connector. A short section of air line
with a locking connector at each end, it is useful for joining
Typr 874 cable connectors directly through a panel, thus
avoiding awkward patch-cord runs on instrument racks.
It is supplied with hardware for mounting either as an
ordinary or a recessed panel-locking connector.

Type 874 Adaptors More than 30 different low-reflec-
tion adaptors are offered to permit use of Tyre 874
connectors with common military and commercial coaxial
connectors, including high-power types for television
broadcast use. They are available both in regular, quick
connect/disconnect, and locking versions. Type 874 adap-
tors can convert any instrument fifted with Type 874
connectors for use with connectors of almost any type.

Voo :

L10f = = = . —

Average VYSWR of

single connector on

infinite length of 50-
ohm cable.

FREQUENCY 5‘3: i i X
Typically, the vswr of the converted Typrr 874 connector
is comparable to the vswr of the other connector by itself.
The Typr 874 locking adaptor offers a low-leakage connec-
tion that can be wrench-tightened, yet one that can be
quickly removed if a change of connector is desired. When
a Type 874-PRL Locking Recessed Panel Connector is
used, the adaptor extends less than an inch in front of
the instrument panel surface.

These uniform 50-ohm adaptors offer electrical per-
formance to match their convenience. In nearly every
instance, design improvements in the “other-series’”” con-
nector raise its vswr performance closer to that of the
TyrE 874 connector to which it is joined. For example, the
nominal dimensions of adaptors to various military series
are refined, and the tolerances maintained exceed military
specifications. vswr plots for pairs of many of these
adaptors are given on page 64. Photos below show three
principal applications of Typre 874 adaptors to General
Radio instruments and illustrate their neat and unobtru-
sive appearance.

Because any two Type 874 adaptors mate, a few TyprE
874 adaptors can perform a cross-connection job that
would otherwise require a costly quantity of direct
adaptors. For instance, interconnection of all possible
combinations of types N, C, BNC, TNC, UHF, and
Microdot plugs and jacks would require 72 adaptors, while
only 12 TypE 874 adaptors will perform the job.

most types of connectors can be used
with GR instruments

unit oscillator output
connector adapted to
type BNC with

Type 874-QBJL

TYPE 874 ADAPTORS PROVIDE THE LINK A
P

MICRODOT

OUTPUT

recessed Type 874
panel connector adapted
to type TNC with

Type B74-QTNJL

locking Type 874 panel
connector adapted to
type N with

Type 874-QNJL

US PATENTS 2,548,45
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Type 874 COAXIAL CONNECTORS

SEE PAGE 60 FOR POWER AND VOLTAGE RATINGS

Code
Group Type Fits Number | Price*
Basic | 874.B 50-ohm Rigid Air Line 0874-9400 | $2.25 &
Connectors 874-BL 50-ohm Rigid Air Line 0874-9401 3.25
874-CA (50-chm) 874-A2 Cable 0874-9410 3.00
874-C8A (50-ohm) RG-8A/U, -9B/U, 0874-9412 3.00
-10A/U, -87A/U, -116/U, -156/U,
-165/U, -166/U, -213/U,
-214/U, -215/U, -225/U, -227 /U;
(non-50-ohm) RG-11A/U, -12A/U,
Cable -13A/U, -63B/U, -79B/U,
Connectors -89/U, -144/U, -146/U,
-149 /U, -216/U Cables
874-C58A (50-ohm) 874-A3, RG-29 /U, 0874-9414
-55/U (series), -58/U (series),
-141A/U, -142A/U, -159/U,
-223/U Cables
874-Cé62A (non-50-ohm) RG-59 /U, -62/U (series), 0874-9416 3.00
-71B/U, -140/U, -210/U Cables
874-C174A (50-ohm) RG-174/U, -188/U, 0874-9418 4.50
-316/U; (non-50-chm)
RG-176'| /U, -179/U Cables
874-CLA Same as Type 874-CA. 0874-9411 4,00
Cable 874-CLBA Same as Type 874-C8A. 0874-9413 4.00
Connectors | 874-CL58A Same os Type 874-C58A. 0874-9415 4.00
—Locking 874-CL62A Same as Type 874-C62A. 0874-9417 4.00
TYPE 874-PB 874-CL174A Some as Type 874-C174A. 0874-9419 5.50
874-PBA Same as Type 874-CA. 0874-9440 4.00
AMAX 4 Panel 874-PBBA Same as Type 874-CBA. 0874-9442 4.00
kil 5 Connectors | 874-PB58A Same os Type 874-C58A. 0874-9444 4.00
—Flanged 874-PB62A Same as Type 874-C62A. 0874-9446 4.00
874- PBI74A Same as Type 874-C174A, 0874-9448 5.00
874—P|.A Same as Type 874-CA. 0874-9441 4.00
Panel 874-PLBA Same as Type B74-C8A. 0874-9443 4.00 te
Connectors | 874-PLSBA Same as Type 874-C58A. 0874-9445 | 4.00 -
—Locking 874-PL62A Same as Type 874-C62A. 0874-9447 4.00 LI
TYPE 874-PL 874-PLT Wire Lead. 0974-9459 4.00 f;'{,\‘w\a .
B874-PL174A Same os Type 874-C174A. 0874-9449 5.00
/4 MaX-= 874-PRLA Same as Type 874-CA. 0874-9461 4.00
/i I Panel 874-PRLBA Same as Type 874-C8A. 0874-9463 4.00 o =l
Connectors 874-PRL58BA Same as Type 874-C58A. 0874-9465 4.00 y S
—Locking 874-PRL62A Same as Type 874-C62A. 0874-9467 4.00 | o
y Recessed B74-PRLT Wire Lead. 0874-9479 4.00 }_;\" Tt
874-PRL174A | Same as Type B74-C174A. 0874-94469 5.00 4
Panel 874-PFL Mates any pair of Type 874 Connectors | 0874-9451 9.50| T et
Connector directly through a panel or wall. \hi 1
—Locking Q'& .
TYPE 874-PRL Festiinsnah :

Net weight 1 to 4 ounces, depending upon item.

TOOLS

Although Type 874 connectors can be assembled with ordinary
pliers and wrenches, use of special tools is recommended. The tools
ensure ease of assembly, uniformity, and good appearance, as well

as optimum electrical and mechanical characteristics.

The Tyee 874-TOK Tool Kit consists of an inner-conductor

* For quantities of 1 to 99; prices for larger quantities on request.

TYPE 874.TOK TOOL KIT

wrench to install both the insulating bead and the inner conductor,

and an outer-conductor wrench and a coupling-nut wrench to install
the outer conductor and to tighten the coupling nut. The remaining

1
A g r g % 2. Inner-conductor wrench
pieces aid in installation of the retaining ring. 3. Coupling-nut wrench
T sahl he £ le 4, Front-ring expander (red)
When a Typre 874 connector is installed on cable, the ferrule must B\ Kepfrat For g aapaniars
: 0 secure cable to the connector. Phers can be used to 6. Back-ring expander (green) U U
be crimped to secure the cable to th 3 posediy & =, . .

erimp the ferrule, but where many connectors are to be installed, or

4

@ =

!
5

-

. Outer-conductor wrench

CRIMPING TOOLS

SYOLDINNOD

where the neatest possible erimp is desired, use of the Typre 874- . Use on Cable Connector Crimping Tool Type
TO58 or -TO8 Crimping Tool is recommended. 874-CA, -CLA, -C58A, -CL58A, -C62A, 874-TO58
g A ; r -CL62A, -C174A, -CL174A, -PBA, -PLA,
Type | | Net Weight | Code Number| Price -PRLA, -PB58A, -PL58A, -PRL58A, -PB&2A,
874.TOK | Tool Kit 1 1b (0.5 kg) 0874-9902 | $25.00 -PL62A, -PRL62A, -PBI74A, -PLI74A,
874-TP58 | Crimping Tool | 1% Ib (0.8 kg) 0874-9901 | 85.00 -PRLI74A 3 =X
874-TOB Crimping Tool | 13 Ib (0.8 kg) 0874-9900 75.00 874-CBA, -CL8A, -PBBA, -PL8A, -PRLBA 874-1O8
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ADAPTO RS

ADAPTORS

In ordering adaptors by type number, note that the P
or J suffix letter identifies the connector on the adaptor,
and not the connector that the adaptor fits. (For instance,
the J in Typr 874-QNJ indicates that the adaptor contains
a type-N jack, and therefore fits a type-N plug.) A final L
in the type designation indicates a locking adaptor

I8

that is, one that contains a locking Type 874 Connector.

Tyre 874-QU1A, -QU2, and -QU3A Adaptors are used
to connect the rigid lines in television transmitting antenna
systems to instruments or components fitted with Type
874 connectors, as, for instance, the Tyere 1602-B UHF
Admittance Meter and the Tyre 874-LBA Slotted Line.

I.14 [ ] [ ] e B74LaTNG JB74-G TN
| B74-0LIA/B74-Q LP Lo gm-Qu2 = e [ 7]
oe B74—0RIA7BTA—0RPE | ] B ) RN W B74-05C/8T4-Q5CP /.
£ 1os i e < AR / .--... - § 108 5?4—u|_ws?|4-cu.",~'- 7 /
[ X g SN 277 emwauan | LN YV // | $ 106 s, /
104 /ae / \ heR A 17 ~ 104 VAW] L
K27\ eV A 574 aum ]
02 A\ S 102 — = e e 102 -4 =
v 874-QBJA/B74-QBPA LA | BT4-ONP
ooy > ] F 5 ® 7 100, 1 2 e 2 3 - 5 8 T
FREQUENCY-GC FREQUENCY GC FREQUENCY-GC
Typical VSWR introduced in line by pairs of Type 874 Adaptors plugged together.
ADAPTORS
SEE PAGE 60 FOR POWER AND VOLTAGE RATINGS =
Fig Contains ‘
Type* Ref 874 and. .. Connects Type 874 to ... | Net Wt**| Code Number| Price | Nonlocking Adaptors
TO TYPE |[874-QBJA A BNC Jack BNC Plug 1 0z 0874-9700 $ 475 %
- 1 2 7 .
BNC | ®74-qBa BNC Jack BNC Plug 1% oz | 0874-9701 5.75 i@. C‘ﬁ’
874-QBPA BNC Plug BNC Jack 1%2 oz 0874-9800 6.00 | A = el g
TO TYPE |874-QCJA c C Jack C Plug 1oz 0874-9702 6.00
C 874-QCIL C Jack | € Plug 20z | 0874-9703 7.00 % #
874-QCP D C Plug C Jack 2 0z 0874-9802 6.25 ;
TO TYPE |874-QHJA HN Jack HN Plug 1%2 oz | 0874-9704 6.00
HN B874-QHPA F HM Plug HN Jack ‘ 2% oz 0874-9804 7.50 | %
TO TYPE |B874-QLJA G LC Jack LC Plug 5 oz 0874-9706 6.00 x o~ ‘
B874-QLPA H LC Piug LC Jack 7%z oz 0874-9806 16.00 ) 5 )
LC c WY ¥
TO TYPE |874-QLTJ 1| LT Jack LT Plug 4% oz | 0874-9708 10.00 % '
874-QLTP J | LT Plug LT Jack 7 oz 0874-9808 20.00 " (\ -
LT \ \ ‘
1 /|
TO TYPE |874-QMDJ K Microdot Jack | Microdot Plug 1 o0z 0874-9720 9.50 S D
MICRODOT | 874-QMDIL Microdot Jack | Mierodet Plug 1% oz | 0874-9721 10.50 m w
874-QMDP L Microdot Plug Microdot Jack 1oz 0874-9820 9.50 | g L
TO TYPE |B874-QNJA M N Jack N Plug 1% oz 0874-9710 5.00
N 874-QNJL N Jack N Plug 20z | 0874-9711 6.00 P
874-QNP N N Plug N Jack 1% oz 0874-9810 500 | M L 2" N
TO TYPE |874-QSCJ SC Jack SC Plug (Sandia) 1% oz 0874-9712 9.00
sC 874-QSCJL SC Jack SC Plug (Sandia) 20z | 0874-9713 10.00 %n @ \
874-QSCP » SC Plug SC Jack (Sandia) 1% oz 0874-9812 9.00 | O - - p
TO TYPE |B874-QTNJ Q TNC Jack TNC Plug (Sandia) 1oz 0874-9716 6.50 ‘
TNC B74-QTNJL TNC Jack TNC Plug (Sandia) 1% oz 0874-9717 7.50 @ @'))
874-QTNP R TNC Plug TNC Jack (Sandia) 1% oz 0874-9816 650 | g - R
TO TYPE |[874-QUJ 5 UHF Jack UHF Plug 10z 0874-9718 5.00 - -
UHF 874-QUIL UHF Jack UHF Plug 20z 0874-9719 6.00 “
874-QupP 15 UHF Plug UHF Jack 1% oz 0874-9818 5.00 | s T
TO TYPE |874-Q2 274 Plug/lack | 274 Plug or Jack 2 oz 0874-9870 5.50
d Shown on page 208
274 874-Q9 938 Jack 938 Binding Posis 3 oz 0874-9874 6.00
TO UHF 874-QU1A Vg-in., RG-155/U (EIA TR-134) 7 oz 0874-9770 35.00
RIGID LINE 874-QU2 1%=in., RG-153/U (EIA TR-134) | 1% Ib 0874-9772 80.00
50-OHM 874-QU3A u 3Vs-in., RG-154/U (EIA TR-134) | 5% Ib 0874-9774 240.00
o | u

* L-suffix denotes locking TyPE 874 connector — see photos, page 62,
** To convert ounces to grams, multiply by 28; to convert pounds to kilograms, divide by 2.2.
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Type 874-LBA SLOTTED LINE

¢ Highly accurate but reasonably priced.
+ Rugged enough for production use.

¢ Integral probe and crystal.

FEATURES:

¢ Wide frequency range, 300 Mc to 5 Ge.

+ Wide variety of accessories available. _
¢ Low-reflection adaptors available to connect to most coaxial-connector series.

USES: One of the most important basic measuring instru-
ments used at uhf and above is the slotted line. With it,
vswr, phase of the reflected wave, impedance or admit-
tance of the load, wavelength of the rf signal, losses in
attached elements, degree of mismatch between load and
line, and other characteristics of antennas, components,
coaxial elements, and networks can be determined.

The Type 874-LBA is ideally suited for general-purpose
measurements where accuracies of a few percent are
sufficient. The Type 900-LB Precision Slotted Line (page
76) is available for users requiring accuracies of a few
tenths percent.

Measurements can be made on balanced lines and com-
ponents with the aid of a Tyrr 874-UBL Balun (page 73).

DESCRIPTION: The Type 874-LBA Slotted Line is a 50-
ohm air-dielectric, coaxial line whose electric field is
sampled by an integral probe that projects through a
longitudinal slot in the line. Probe couplirg is adjustable.
The probe carriage is driven by a pulley-and-cord arrange-
ment conveniently operated from one end of the line, and
can be precisely set. A source of about one milliwatt rf
power is adequate for most measurements; suitable gener-
ators are listed on the next page. A crystal rectifier is
built into the carriage and can be tuned to the operating
frequency by means of an adjustable stub. Three suitable
types of detector are described on the next page.

SPECIFICATIONS

Characteristic Impedance: 50 ohms + 0.5%.
Probe Travel: 50 em. Scale in centimeters; each division is 1 mm.
Scale Accuracy: + (0.1 mm +0.059).

Frequency Range: 300 Mec to 5 Ge. At 300 Me, the slotted line covers a
half wavelength. Operation below 300 Me is possible with slightly
reduced accuracy by use of lengths of Typr 874 Air Lines (page 71).

Constancy of Probe Pickup: +1.59.

Residual VSWR: Less than 1.025 at 1 Ge, 1.04 at 2 Ge, 1.055 at 3 Ge,
1.07 at 4 Ge, 1.1 at 5 Ge.

Accessories Supplied: Storage hox and spare drive cable.

Accessories Required: Adjustable Stub (Type 874-D20L) for tuning
the crystal rectifier when audio-frequency detector or microammeter
is used; suitable detector and generator; one each, Type 874-R22LA

@Type 874-LV MICROMETER VERNIER

For precise measurements of large vswr by the width-
of-minimum method, and for precise phase measurements.
Consists of a micrometer head calibrated in centimeters
(calibrated to 0.001 em), mounted on an arm that can be
attached to the rear base rod of the slotted line. One turn
of the micrometer barrel advances the head by 0.5 mm.
Maximum range is 2.5 em. Can be read to +0.002 mm.
Net Weight: 8 ounces (230 grams).

and Type 874-R22A Patch Cords, for generator and detector con-

nections.

Accessories Available: A complete slotted-line kit iz described on

Ria_ge 66. For measurement of vswr greater than 10, a Tyer 874-LV
icrometer Vernier is recommended. Smith Charts are listed below.

Adaptors are listed on page 64.

Dimensions: 26 by 414 by 314 inches (660 by 115 by 89 mm).

Net Weight: 814 pounds (3.9 kg).

Shipping Weight: 23 pounds (10.5 kg).

Type I | Code N umberl Price
874.LBA Slotted Line l 0874-9650 $255.00
874.LV Micrometer Vernier 0874-9652 37.50

SMITH CHARTS

The Smith Chart facilitates measurements made with
the Tyee 874-LBA Slotted Line. It can be used to deter-
mine the impedance corresponding to any vswr and to
convert from impedance to admittance, and vice versa.
Four forms of Smith Chart are available; see below. Those
with normalized coordinates are for use with lines of any
impedance. The 50-ohm characteristic impedance (20-
mmho characteristic admittance) is common to all General
Radio coaxial equipment. Charts are 814 by 11 inches.

| Code Number | Quantity |  Price

Smith Chart — Admittance Coordinates (20-mmho 5301-7568Y 50* $ 2.00

characteristic admittance) 100 3.75
Smith Chart — Impedance Coordinates (50-ohm 5301-7569Z y

characteristic impedance) ’ 0 0

Smith Chart — Normalized Coordinates 5301-7560N 500 14'°°

Smith Chart — Normalized Expanded Coordinates 5301-7561NE 1000 25.00

* Minimum quantity sold.

Type 874-LBA Slotted Line with Type 874-LV Micrometer Vernier.
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COAXIAL

SLOTTED-LINE ACCESSORIES

& GENERATORS Each Type DNT system includes loeal oscillator, i-f amplifier,
= e 5 ; : £ the sl i mixer, filter, attenuator pad, and ell (see page 81).
o Oscillators covering the frequency range of the slotted line are The simplest suitable detector is a microammeter used with the
2] described on pagee.wl_IQ to 1_18' Tlley can be squarc-wave mod‘ulateid slotted line’s built-in erystal. Its sensitivity is low, but satisactory
i at 1 ke with the Type ,12‘64}"'\ Modul’a;‘t{ug ngz\gl*AbuPply KF‘O" use with high-power oscillators. Excellent results can be obtained with a
v at the higher frequencies, both the Type 1220-A Unit Klystron 50-microampere meter and oscillator power levels between 100 milli-
g Oscillator and the TyPE 1360-A Microwave Oscillator have mteynal watts and 20 watts, for vSwr between 1 and 5. A Tyee 874-D20L
1-ke square-wave modulation. Where a ealibrated output is desired, 20-centimeter Tuning Stub is required. A meter-sensitivity control,
% a standard-signal generator (S“f:h fﬂ*“'hthf Tyee I()2‘I‘—;“\[ ) page 12.4)_ consisting of a 10-kilohm variable shunt resistor, is recommended.
= can be used. To moduls'xte any of these i;en‘erat;mgﬁ ay .trequen(nga\ Most popular vswr indicators will serve as satsfactory detectors
a other than 1 ke, the Type 1210-C Unit R-C Oscillator (page 105)  ith the Tvee 874-LBA. Use of such a detector requires that the
g is recommended. generaéor be modulated at 1 ke. Also, a Type 874-D20L 20-centi-
meter Stub is required for tuning.
5 DETECTORS &
7 Any one of three types of detector can be used with the slotted FILTERS AND ISOLATORS
line. The heterodyne detector is an excellent general-purpose instru- A low-pass coaxial filter should be used between generator and slot-
ment. The General Radio Type DNT Detectors cover the frequency ted line to eliminate harmonies of the signal source. Anisolator prevents
range from 40 to 2030 Mec (up to 5 Ge by the use of harmonics). load-generator interaction. See page 68 for complete specifications.
STANDING WAVE R =~ e s ’ g
8_'74— 20L lNDlTOR |-F ANPLIFIER 5?A.‘\f‘_:‘\:ﬁ FE.J:\ED
R | s TN
[ — L
Typical measurement setups show- s ol gt ] SR
ing use of slotted line, VSWR eICLATDY - {
SE7AReELA AUAL R indicator (left), nnc! heterodyne ; .| i i oW s
1 - o detector (right). . PATCH CORD ~~ b iy
O — - = N L: -m'nm{r -
] a-x-A i | = == )
sra-r (= = e e
FILTER f Negmian sLOTTED LINE foucn FWTER L o P Lo
nr?%{‘:ugmn 'l SUPPLY ATTENUATOR i
TYPE 874-EKA BASIC SLOTTED-LINE KIT Type Quandity Price
For impedance and vswr measurements with the slotted line, a 874-QNJL | Adaptor, Locking, Connects to
group of coaxial elements is available as the Tyre 874-EKA Basic type N Plug 1 $6.00
Slotted-Line Kit. The Tyre 874-LBA Slotted Line is included in the 874-QNF Ad:ﬂ':r- Connects fo type N " o
& ac B
kl‘%, b}lt the {generntor and detectf)r are not. s74-222A | Ratch Cord 1 10.00
Shipping Weight: 38 pounds (17.5 kg). 874-R22LA | Patch Cord, Locking 1 12.00
B74-R34 Patch Cord 1 6.00
Type Quantity Price 874-TL Tee, Locking 1 15.00
874-W50 50-chm Termination 1 18.50
874-A2 | Coaxial Cable 25 ft $10.00 874-WN | Short-Circuit Termination 1 3.50
874-A3 | Cooaxial Cable 25 5.00 874-WO | Open-Circuit Termination 1 2.50
874-BL Basic Connector, Locking 2 6.50 874.TOK Tool Kit 1 25.00
874-B Basic Connector 2 4.50 874-Z Stand 1 19.50
874-CA Cable Connector 2 6.00
874-CBA | Cable Connector 2 6.00 Type | | Code Number | Price
874-CLA Cable Connector, Locking 2 8.00 3 5
B i, > i 874-EKA | Basic Slotted-Line Kit | (0874-9521) | $513.75
874-CL58A | Cable Connector, Locking 2 8.00
874-D20L Adjustable Stub 1 16.00 KITS FOR CABLE MEASUREMENTS
874-D50L | Adjustable Stub 1 19.00 Various combinations of TypE 874 coaxial elements can be used
874.LAL Adjustable Line 1 27.00 very effectively with Unit Instruments and associated equipment to
874.LBA Slotted Line 1 255.00 measure attenuation, characteristic impedance, veloeity of propaga-
874-PL5BA | Panel Connector, Locking 1 4.00 tion, and capacitance of both coaxial and twin-conductor cables.
874PRL58A | Panel Connector, Locking For convenience in ordering, the necessary equipment is offered
Recessed 1 4.00 in assemblies for specific types of measurement. These kits and their
874-QBJL | Adaptor, Locking, Connects to use are described in Reprint E-104, “The Measurement of Cable
type BNC Plug 1 5.75 Characteristics,” available on request.
TYPE 874-A2 COAXIAL CABLE Flexible, double-shielded, bulk cable. flexible than the Tyre 874-A2, but losses are higher. Recommended
Consists of No. 14 stranded inner conductor separated from the two for most general-purpose applications.
tinned-copper braids by 0.250-inch op polyethylene dielectric and a Characteristic Impedance: 50 ohms + 5%.
0.365-inch op gray polyvinyl-chloride jacket. Nominal Copacitance: 29 pf per foot.
Characteristic Impedance: 50 ohms + 5%. Attenuation: 5.3 db per 100 feet at 100 Me; 22 db per 100 feet at
Nominal Capacitance: 29 pf per foot. '1’ Ge; 45 dbvpelr 1_00 :E’Et atg’ﬁgc-
Attenuation: 2.6 db per 100 feet at 100 Mec; 10.5 db 1 yapaguling VROCy tacten U7, .
1 Gc.uul o ¥ ol Al o 100 Saek al Net Weight: 1 pound (0.45 kg) per 25 feet.
:r:pguli:n;;lo:i!y F(;:d(n]r:g‘ﬁl?%. - Type | | Code Number | Price
e ight: ounds (1. er 25 feet.
N eSS B) per & 874-A2 | Coaxial Cable | 0874-9500 $0.60/#1
(0.40/ft in lengths of
TYPE 874-A3 COAXIAL CABLE Same as Type 874-A2 except inner 25 £t or more)
conductor is 19 strands of 0.0066-inch tinned, soft-copper wire, 874-A3 | Coaxial Cable 0874-9501 0.35/#
separated from the double braid by 0.116-inch op polyethylene di- (0.20/ft in lengths of
electric, and a 0.206-inch op black polyvinyl-chloride jacket. More 25 ft or more)
66
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COAXIAL DETECTOR, VOLTMETER, AND MIXER

Type 874-VQ VOLTMETER DETECTOR

Can be used with Type 874-VI (see below) for voltage
measurement, with a tuned audio amplifier such as the
Tyre 1232-A Tuned Amplifier as a sensitive detector (ap-
proximately 100 microvolts) of modulated signals, or with
a microammeter as an rf detector. It introduces no
appreciable discontinuity when inserted in a 50-ohm
coaxial line. With the Tyrr 874-W50 50-ohm Termina-
tion, it can be used as a matched detector to terminate a
line. Typr 874-VQL has locking connectors.

Frequency Range as Matched Detector: 0.5 Me to 2 Ge. Usable from
60 eps to 7 Ge.

Resonant Frequency: Approximately 5.4 Ge; correction curve supplied.
Maximum Voltage: 2 volts.

VSWR: Less than 1.1 at | Ge, 1.2 at 2 Ge.

Crystal: 1N23B.

Bypass Capacitance: Approximately 300 pf.

Dimensions: Length 324, height 215 inches (96 by 64 mm).

Net Weight: Tyrre 874-V(), 5 ounces (140 grams); Tyee 874-VQL,
6 ounces (170 grams).

o

o8 7
Typical VSWR and a§"* +— . G (0
correction factor for 4 ?_4 8 RESONANT FREQUENCY 5.4 Gt = f’—‘-— E
Types 874-VQ and gig & S VI | P 0 | e 2 e
874-VR. z

Type 874-VR VOLTMETER RECTIFIER

In conjunction with the Tyre 874-VI (see below), can
be used to measure, or to monitor, the voltage in coaxial
systems. It contains a 50-ohm resistor in series with the
output line, and thus can be used to measure the voltage
behind a 50-ohm impedance. The unit, when used with a
signal source, will simulate a 50-ohm generator with a
known, equivalent, open-circuit voltage. In addition, it is
a good general-purpose detector and can be used with a
microammeter or, when high sensitivity is desired (ap-
proximately 100 microvolts), with modulated signals and a
tuned audio amplifier such as the Typr 1232-A. With the
Tyre 1263-B Amplitude-Regulating Power Supply, it
provides an effective oscillator amplitude-leveling system.
The Typre 874-VRL has locking connectors.

Frequency Range as Calibrated Voltmeter: 15 Me to 2.5 Ge.

Resonant Frequency: Approximately 5.4 Ge; correction curve supplied.
Maximum Voltage: 2 volts.

Crystal: 1N23B.

Bypass Capacitance: Approximately 300 pf.

Dimensions: Length 3234, height 2! inches (96 by 64 mm).

Net Weight: Typre 874-VR, 5 ounces (140 grams); Type 874-VRL,
6 ounces (170 grams).

Type 874-MRL

TO METER TO METER TO METER

CONVERTER OUTPUT
0—40 Mc

300t : 300!

INPUT QUTPUT NPUT

are-vn &r4-vg

a74= MR

Schematic diagram of Types 874-VR, 874-VQ, and 874-MR.

Type 874-VI VOLTMETER INDICATOR

Measures de output of either Tyre 874-VQ or Tyre
874-VR at any level between 0.1 and 2 volts. A built-in
60-cycle calibration system eliminates errors arising from
differences in crystal rectification efficiencies.

Range and Accuracy of Calibrating Voltage: 0.1 to 2 volts, +0.05 volt.
Crystal Current for Full-Scale Indication: 200 microamperes.

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60 cps,

Input Resistance: 600 ohms minimum, 10,000 ochms maximum.
Accessory Supplied: Tyre CAP-22 Power Cord.

Accessory Required: One Type 874-R34 Patch Cord (page 70).
Dimensions: 5% by 5!5 by 415 inches (140 by 140 by 115 mm),
over-all.

Net Weight: 3 pounds (1.4 kg).

Shipping Weight: 5 pounds (2.3 kg).

Type 874-MR MIXER RECTIFIER

The Type 874-MR Mixer Rectifier is a broadband rf
mixer. With a Type 1216-A Unit I-F Amplifier, it forms a
heterodyne detector having a 30-Me difference frequency.
The output circuit contains a low-pass filter having a
cut-off frequency of 40 Me. A 250-ohm series resistor 1so-
lates the signal circuit from the local-oscillator circuit.
Type 874-MRL has locking connectors.

Operating Frequency Range: 40) Mec to 5 Ge; at lower and higher fre-
quencies with decreased sensitivity.

Crystal: IN21B.

Crystal Current: 5 ma (maximum), 0.2 ma (minimum).

Maximum Input from Local Oscillator: 2 volts.

Cutoff Frequency of Output Filter: 40 Me,

Output Impedance: Approximately 400 ochms.

Accessories Required: I'or complete detector assembly, see page 81.
Dimensions: Length 334, height 315 inches (96 by 89 mm).

Net Weight: 874-M R — 7 ounces (200 grams); 874-MRL — 8 ounces
(230 grams),

~ Type . [l & Code Number| Price
874-vQ Voltmeter Detector 0874-9940 $30.00
874-valL Voltmeter Detector (locking
connectors) 0874-9941 32.00
874-VR Voltmeter Rectifier 0874-9942 30.00
874-VRL Voltmeter Rectifier (locking
connectors) 0874-9943 32.00
874-MR Mixer Rectifier 0874-9944 32.50
874-MRL Mixer Rectifier (locking con-
nectors) 0B74-9945 34.50
874-VI Voltmeter Indicator 0874-9936 95.00

I

Type 874-VRL
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COAXIAL

FILTERS, STUBS, ISOLATORS

FILTERS

TYPE 874-F LOW-PASS FILTERS Recommended for any
immittance- or voltage-measurement system to reduce
harmonies, especially with systems containing nonlinear
elements, or sections that might resonate at a harmonic.
Also useful if high standing-wave ratios are to be measured
by means of a slotted line. The Typr 874-F Low-Pass
Filters are Tschebyscheff type, which produce a very steep
cutoff characteristic at the expense of passband flatness.
Spurious responses in the stop band are very small.
Equipped with locking connectors on both ends.

Accuracy of Cutoff Frequencies: —07,, +10%,.

VT 1 !TNAssﬁﬂbNﬂLds's

7]

)
VSWR

N

[T
(=1 =]

L | |
0020406 08 10 12 |14 18

OPERATING FREQUENCY
. 4 CUT-OFF FREQUENCY

INSERTION LOSS—DEB

40

PHEQUENC T~

Typical insertion loss and VSWR,
Type B74-F Filters.

Typical stop-band response of
Type 874-F500L Low-Pass Filter.

Type | | Physical Length | Net Wt | Code Number | Price

- - 874-F185L 185-Mc Low-Pass Filter 17 % in, 12 oz 0874-9533 $32.00
J—- ss— i 874-F500L 500-Mc Low-Pass Filter 10%4s in. 8Y2 oz 0874-9537 26.00
874-F1000L 1000-Mc Low-Pass Filter 7V in. 8 oz 0874-9541 24.00

874.F2000L 2000-Mc Low-Pass Filter 4% in. 42 oz 0874-9545 24,00

Type 874-F2000L 874-F4000L | 4000-Mc Low-Pass Filter 2% in. 3 oz 0874-9549 24,00

TUNING ELEMENTS

TYPE 874-D20L AND -D50L ADJUSTABLE STUBS For
matching or tuning, for use as adjustable short-circuit
terminations, and for use as reactive elements. With an
external indicator, functions as a reaction-type wave-
meter. Consists of a coaxial line with a sliding short circuit
of the multiple-spring-finger type. The 20-centimeter stub
is calibrated in electrical length. The 50-centimeter stub is
not calibrated but has an adjustable ref<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>