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GENERAL RADIO COMPANY

Main Office and Factory
275 MASSACHUSETTS AVENUE, CAMBRIDGE 39, MASSACHUSETTS
Telephone (Boston) TRowbridge 6-4400

Branch Factory
22 Baker Avenue, West Concord, Massachuselis

Telephone Concord 1770

BRANCH ENGINEERING OFFICES

Generdl Radio engineering offices are maintained in New York,
Chicago, and Los Angeles. Customers in or near these cities can
quickly and conveniently obtain information about our products
from these offices. Each office is staffed by competent, factory-
trained engineers who have available complete technical and

commercial information.

Branch Engineering Office Telephone Staff

New York 6 WOrth 2-5837 W. R. Thurston, Manager
90 West Street G. G. Ross

Chicago 5 WAbash 2-3820 K. Adams, Manager
920 South Michigan Avenue W. M. lhde

Los Angeles 38 HOllywood 9-6201 F. Ireland, Manager
1000 North Seward Street J. G. Hussey

REPAIR SERVICES

West Coast Canada
Western Instrument Co. Bayly Engineering, Ltd.
826 North Victory Boulevard 5 First Street
Burbank, California Ajax, Ontario
Tel. — ROckwell 9-3013 Tel. — Toronto WA-6866

EXPORT DISTRIBUTORS

For a list of distributors in other countries

see inside back cover
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We Sell Direct. ..

To develop the type of product manufactured by the General Radio Company
requires a large stall’ of engineers, each a specialist in one or more fields of engin-
eering and science. One of the functions of this staff is to assist the customer in
the selection of instruments in order that the correet equipment may be purchased
with a minimum expendifure.

There has always been close contact between our engincering staff and our
customers. The technical nature and the manifold uses of our product muke the
maintenance of this contact essential. For this reason. the General Radio Com-
pany maintains no sales agencies in the United States, but distributes its produets
directly to the consumer on a net, no discount, basis. The Company maintains
factory branch offices in several major cities of the U.S. which are stafied by
skilled, factory-trained engineers.

In order that customers outside the United States may receive equivalent
technical service, exclusive distributors have been appointed in many foreign
countries, ench capable of giving technical and commercial information regarding
General Radio products. For a list of foreign distributors, see the inside buck
cover of this eatalog. In all matters regarding General Ruadio apparatus the cus-
tomer should communicate with the appropriate distributor. Prices listed in the
atalog are for domestic use only. Costs in foreign countries, where import
duty and freight must be added, can be obtained from the distributors in those
countries.

GENERAL RADIO COMPANY
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SUGGESTIONS FOR ORDERING

ORDER BY TYPE NUMBER

Always order by catalog tvpe number,
and whenever possible mention name of
item, ranges, or other significant specifica-
tions as protection against misunder-
standing.

Be sure to include orders for any acces-
sories desived or for calibrations which
must be made before shipment. When minor
modifications are desired to adapt the
equipment to the customer’s purposes, our
Sales Ingineering Depar tment will be glad
to discuss the details.

TELEGRAPH AND CABLE ORDERS
We have direct telegraph printer con-
nections with Western Union for the
prompt handling of messages.

Use Bentley’s code and the code words
accompanying each catalog description.
Our cable address is GENRADCO BOSTON.

PACKING

There is no charge for our regular domes-
tic or export packing and no charge for
shipping containers or cases. Cases are not
returnable.

SHIPPING INSTRUCTIONS

Unless specific instructions accompany
the order, we shall use our best judgment
as to the method of shipment. Repair
parts or other items needed quickly can be
shipped by air if requested. The following
table shows approximate cost of four
different methods of shipment to major
cities in the United States, door-to-door.

2 POUNDS 5 POUNDS 25 POUNDS | 40 POUNDS
ciry 1 Air | Air dir | Air | Rail |- Air | Air | Rail | o Air Ruil
Fn:'irhl Ez- | Pared Ez- | Pareel | Ez- |0 "M Ex- | Pareel | Er- | p! f'm Ez- Ex-
SN press | Post press | Post | press |77 | press | Post | press | TG siress press
BUFFALO. covveciinine §6,60 | $2.50 l $L15 $2.57 | §2.65 | $1.50 5,!; 60 | $4.85 812,65 | £2.20 ' $6,00 | $6.56 §$2.02
DETROIT. .ovsciievmvns 7.7 2.50 1.26 280 293 1.53 b 1414 2.711 30| 9a2 3.00
CHICAGO ... v vavvins 8.65 | L26 337 | 294 | 158 1414 | 205 12,06 3.99
8T, LOUIS... serwis) GEh 2.61 138 3.53 .51 1463 1011 310 [ 1424 4.47
ATLANTA. ceees| 1135 l 2,55 1.26 3.37 2.4 1.60 14.14 3.07 12,496 4.18
HOUSTC N FRANAS RS 1535 | 3.00 147 440 | 3.63 1.80 18.05 4.04 2142 572
DALLAS. 12.25 ‘ 3.00 147 R 3.63 179 18,03 3,09 82 .04
LOS ANGELES.... ... 18.65 | 351 | 160 577 | 400 | 2.06 20.00 | 536 16 7.84
BEATTLE, . oviivavievis 21.35 | 351 1.00 BIT | 400 [ 2,05 20,00 | 532 -i 2.6 7.70
CLEV ELAND.. ...... 7.10 | 250 ‘ 115 2.89 2,65 1.50 1265 | 2.53 912 3.30
75 POUNDS 100 POUNDS | 200 POUNDS 400 l'(ll NDS
cITY i .il‘rr Air Air | Air l.{ail ;h'r Air II{;ﬂ“ Lir .Phr IAIu I;vlil
Nt Fr- | Pared Ez- | Parcel | Ez- |p! iz | Pareet | EBz- | pt iz~ | Parcel | K-
Freight press | Post press | Post | press | Freight press | Post | press Fruight | press Post | press
BL'I BAL: G vis b 5” 40 =t $13.14 826,80 — [$10.00 # Sld I(M —_— $£5.454
DETROIT. .o ivvvil — | 19.80 —_ 4 | 1560 | 39.60 — ! 154 == 4
CHICAGO, , - 2040 - £ 18.05 | 58.580 — —
8T. LUCIE ......... - 32.60 -~ 8 | 24.65 | 65.20 | = ="
ATLANTA — 20,40 — 26,11 | 58.80 — —
HOUSTON. | - 5180 | — 1300 10360 | — =
DALLAS. . ovanasia ] - 51.80 - 2 | 36.33 103.60 — —
LOS \\(.l [1—. — 0| — 2 | 48.35 15480 | — —
SEATT 39 — A 7740 —_ 17.55 | 40.95 154,80 —_— _
CLEV l‘.LA\ D 5385 | — 512 | 8.60 | 19.80 —_ 6.42 ‘ 16.60 | 39.60 =¢ —
ill{ale per CWT. Al rates subject ta 39 Government tsx.
ADDRESS REMITTANCES

All communications, except when other-

wise advised, should be sent to 275
Massachusetts  Avenue, Cambridge 39,

Massachusetts, or to one of our branch
offices (sce inside front cover).

TERMS

Net 30 days. All prices are F.O.B. Cam-
bridge, or West Concord, Massachusetts.
Unless credit has already been established,
shipments are made C.0.D.

When full payment accompanies an order
for equipment, except for repairs, we pay
transportation charges to any point in the
continental United States, except Alaska,
on carrier of our choice.

Should be made payable at par in Boston
or New York funds.

PRICE CHANGES

All prices are subject to change without
notice. Formal price quotations remain
open for 30 days.

Prices shown will be increased by the
amount of any applicable sales, use, excise,
or similar taxes that are now in effect or
that may hereafter be imposed by Federal,
State, or local governments.

NO TRADE OR EDUCATIONAL DISCOUNTS
Our prices are made on a direct-to-
consumer basis which permits ol no special

Copyright, 1953, by General Rudio Company, Cambridge, Mass,, U.S.A.
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SUGGESTIONS FOR ORDERING

discounts. By the elimination of distribu-
tion discounts, the user pays the lowest
possible prices.

QUANTITY DISCOUNTS

When 10 or more identical parts (not
instruments) are ordered at the same
time for single shipment to a single desti-
nation in the United States and its posses-
sions, the following quantity discounts are
allowed except as noted otherwise:

1019« cornmniness 2 per cent
0t | A 10 per cent
100 or more. . ... ... 15 per cent

Questions regarding the applicability of
quantity discounts to any item in this
atalog will be answered promptly by our
Sales Engineering or Commercial Depart-
ments,

SPECIFICATION CHANGES

We reserve the right to discontinue in-
struments without notice, and to change
specifications at any time without incurring
any obligation to incorporate new features
in instruments previously sold.

WARRANTY

We warrant each new instrument manu-
factured and/or sold by us to be free from
defeets in material and workmanship, our
obligation under this warranty being
limited to repairing or replacing any instru-
ment or part thereof, except tubes and
batteries, which shall, within one year
after shipment to the original purchaser,
prove after our examination to be thus
defective.

REPAIR PARTS

When ordering repair parts, be sure to
describe completely the parts required, also
referring to the symbol numbers and de-
seription from the parts list, and give the
type number and serial number from the
panel of the instrument.

SHIPMENTS TO GENERAL RADIO

When returning instruments for repair,
recalibration, or for any other reason,
please ask our Service Department for
Return Material Tag and shipping in-
structions, Please state type number and
serial number of instrument and date of
purchase.

DOMESTIC SALES AGENCIES

Because of the Company’s direct sales
policy no general sales agencies are ap-
pointed. Complete stocks are carried only
at the factory warchouse. Partial stocks
are maintained at Los Angeles and
New York branch offices.

OTHER GENERAL RADIO PUBLICATIONS

In addition to thig catalog we publish
a number of bulletins of interest to tech-
nical and professional workers in specialized
fields, and a monthly magazine, the General
Radio Experimenter, for free distribution
among interested persons. The FErperi-
menter contains technical and semi-tech-
nical engineering articles which are contrib-
uted, for the most part, by our engincering
staff. To be placed on the mailing list,
merely fill in, clip, and mail the coupon
below; or supply ALL of the information
requested.,

TO: General Radio EXPERIMENTER, 275 Massachusetts Ave., Cambridge 39, Mass.
Enter my free subseription to the G-R EXPERIMENTIER.

Nanie (Prt). oo vaees ;

Company Name. . .... e RN

Company Address

Strect City and Zone No. State
By P Or BUBIIeRS: s pamirn el s ein. dnw ivm vk 4 Nour Titdel . . inmaieme oA

IMPORTANT!
PLEASE FILL IN COMPLETELY.
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VISIT OUR LABORATORIES AND FACTORY

We cordially invite you to visit our engi-
neering laboratories and main factory the
next time that you are in the vieinity of
Cambridge.

Our main plant is located in Cambridge
(across the Charles River from Boston) at
275 Massachusetts Avenue. This is hall way
between the Massachusetts Institute of
Technology and Central Square, Cambridge.
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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 compunies. To simplify the listing of these
patents they are given here in a gingle list and referred
to at each instrument only by appropriate reference
number.

1. “Certain vacuum-tube amplifier devices, elec-
tric wave filters, vacuum-tube oscillators, and sound-
level meters are licensed by Western Electrie Com-
pany, Ine., under all United States Letters Patent
owned or controlled by American Telephone and Tele-
graph Company, or Western Electriec Company, Inc.,
:un{ any or all other United States patents with re-
spect to which Western lilectriec Company, Ine., has
the right to grant a license, solely for utilization in
research, investigation, measurement, ftesting, in-
struction, and development work in pure and applied
seience, ineluding engineering and industrial fields.”
of United

2. “This apparatus uses inventions
States Patents licensed by Radio Corporation of
Ameriea. Patent numlu-m supplied upon request.

Licensed only for use in measuring or testing elec-
tronie devices, electron tube circuits, parts of such

devices and cireuits, and elements for use in such
devices and cireuits.”

3. Patent 2,125,816.

4. Patent 2,548,457,

5. Licensed unnl(,r all patents and patent appliea-
tions of Dr. G. W, Pierce pertaining to pu-/u-nlm tric
erystals and Hu-lr associated eircuits.,

6. Licensed under designs, patents and  palent
applications of Idgerton, Germeshausen and Grier

7. Patent 2,294,941,
8. Patent Applied For.
9. Patent 2,173,127.

10. Patent 2,367,681,

11. Patent 2,069,934+,

12. Patent 2,376,394.

13, Patents D 142,777 and D 143,807,

14, Patent 2,173,426.

15, Patent 2,298,177.

16. Patent 2,362,503.

17. Patent 2,354,718.

18, Patent 2,374,248,

19, Patent 2,160,588,

20. Patent 2,104,336.

21. Patent D 161,030,

vi GENERAL RADIO COMPANY
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INDUSTRIAL INSTRUMENTS AND CONTROLS

Gexeran Rapto industrial instruments are
electrical and electronic devices designed to
meet the testing requirements of plants and
laboratories in a wide variety of industries,
They consist of (1) Stroboscopes, (2) Sound
and Vibration Measuring Instruments, (3) a
Polariscope, and (4) VARTAC® Autofrans-
formers, Motor Speed Controls, and Voltage
Regulators,
STROBOSCOPES

The STROBOSCOPI permits rotating or
reciprocating objects to be viewed intermit-
tently and produces the optical effect of slow-
ing down or stopping motion. I'or instance, an
electrie fan revolving at 1800 rpm will appar-
ently be standing still ift viewed under a light
that fashes uniformly 1800 times per minute.
At 1799 flashes per minute, the fan will appear
to revolve at | rpm, and at 1801 flashes, it will
rotate backward at | rpm. Because the eve
retains images for an appreciable fraction of a
second, no flicker is seen except at very low
speeds. The apparent slow motion is an exact
replica of the original higher-speed motion, so
that the motion of a high-speed machine can
be analvzed with the stroboscope under
normal operating conditions.

The stationary image that is scen when the
flash and rotational speeds are equal makes
possible very precise speed settings, and when
the flash rate control is ealibrated in rpm, as
in the STROBOTAC®, the stroboscope can
be used as a tachometer. Since there is no
mechanieal contact, no power is absorbed
from the machine by the Strobotac.

The STROBOLUX® is an auxiliary light
source that can be flashed from the Strobotae,
for applications where more light is needed.
The STROBOLUNIE is o high-intensity light
source, flushed from a Strobotace or from a con-
tactor, for low-flashing-rate applications, such
as looms and printing presses. The CON-
TACTOR is a device for attachment to a
erankshaft or other machine shaft to flash a
stroboscope one or more times for each revolu-
tion of the shalt. It ean be used with either the
Strobotae or the Strobolume. The MICRO-
FLASH® is an ultra-high-speed light source
for single-flash photography of rapidly moving
objects sueh as bullets and projectiles,

The applications of General Radio Strobo-
scopes are more completely diseussed in the
booklet “IEyes for Industry,” a copy of which
will gladly be sent on request.

SOUND AND VIBRATION

Instruments in this group provide means
for measuring objeetively the noise generated

in machines, appliances, and similar equip-
ment, as well as general noise levels in offices,
buildings, streets, ete. The SOUND-LIEVEL
METER and the SOUNDSURVEY METER
measure the level of the noise in terms of ace-
cepted standards; the SOUND ANALYZER
measures each pitch component in the noise,
the VIBRATION METER and VIBRA-
TION ANALYZER measure solid-borne vi-
brations in the same way that the sound-
measuring instruments  measure  air-borne
vibrations. The OCTAVE-BAND ANA-
LYZER permits the sound energy in suc-
cessive octaves in the spectrum to be measured
individually. A random noise generator, useful
in many types of acoustic work, is also avail-
able, see page 171. This equipment and its
uses are more completely deseribed in the
“Tlandbook of Noise Measurement.” Copies
are available at $1.00 each, postpaid in U.S.A.
and Canada.

POLARISCOPE

The POLARISCOPE represents a new
approach to the problem of stress analysis in
photoelastic models.  With the STROBO-
LUME light source, photographic exposure
time is reduced to afew millionths of a second,
which greatly reduces the size and weight of
the assembly, gives a large, 8-inch field and
also permits the photography of dynamie
patterns.

MOTOR SPEED CONTROLS

General Radio VARIACY® SPEED CON-
TROLS provide smooth and continuous con-
trol of speed in d-¢ motors, operating from
the a-¢ line. They combine a Variac and a
rectifier to provide an armature voltage that
can be adjusted over a wide range without
deterioration of normal shunt-motor regula-
tion. Ratings are '15 hp, ¥ hp, Y3 hp, and
31 hp, 1 hp, and 115 hp.

VARIAC®

The VARIAC autotransformer  gives
smooth, continuous manual control of a-¢
voltage from zero to 179 above input line
voltage. Available in single units and c¢om-
binations in ratings from 170 va to 25 kva,
these units are used in all types of industry
for controlling voltage, heat, light, motor
speed, and other voltage-sensitive quantities.
Gieneral Radio’s new Duratrak process assures
long life and reliable performance under
severe operating conditions.

GENERAL RADIO COMPANY 1
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STROBOSCOPES

TYPE 631-BL STROBOTAC®
(STROBOSCOPIC TACHOMETER)

USES: The STROBOTAC is used for measur-
ing the speed of rotating, reciprocating, or
vibrating mechanisms and for observing their
operation in slow motion. Tn the design and
testing of machines and high-speed mecha-

nisms, the Strobotac is invaluable. The
operation of motors, fans, pulleys, gears,
cams, and other machine elements can be
examined in slow motion. Speed measure-
ments for overload and underload tests can
be made. It is ideally suited for rapidly
adjusting the speeds of a number of machines
intended to operate at the same speed, as, for
instance, textile spindles. In  production
testing, it provides a means of rapidly align-
ing mechanisms that operate under close
tolerances. 1t is approved for use in checking
the calibration of aireralt tachometers.

DESCRIPTION: The STROBOTAC is a small,

portable stroboscope calibrated to read speed

directly in revolutions per minute, The light
source is a neon strobotron lamp mounted in a
parabolic reflector. The frequency of a self-
contained eclectronie pulse generator deter-
mines the flashing speed, which can be
adjusted by means of a direet-reading dial.

Normal range is from 600 rpm to 14,400
rpm. An additional range of 1 10th the scale
values, e, 60 rpm to 140 rpm, ean be
selected by throwing a switeh at the rear of
the instrument.

Speeds below 900 or above 11,100 rpm,
up to about 100,000 rpm, ean be measured by
using fashing rates that are simple multiples
or submultiples of the speed to be measured.
Below 600 rpm, the STROBOTAC can be
used for observations and control purposes,
but, as the speed deecreases, [licker becomes
pronounced, owing to the low average level
of illumination and to the inability of the
human eye to retain successive images long
enough to give the illusion of continuous
motion. For these low speeds, the STROBO-
TAC can be used to flush the Tyrr 1532-B
Strobolume  (page <), which produces a
high-intensity flash.

The light flash from the Strobotron is ex-
tremely short and can effectively “stop” mo-
tion at subject speeds up to several times the
scale values.

FEATURES: > Requires no contact with mech-
anism being measured, and hence absorbs no
power, Therefore, it can be used to measure
the speeds of very low-power devices.

> Short flash gives sharp images.

> Iligh aceuracy — 419 when standardized
by comparison with the power-line frequency.
> Can be used in places inaceessible to con-
ventional tachometers.

> sy to set — easy to read.

> Where more light i= required, auxiliary light
sources are available — see STROBOLUX
(page 3) and STROBOLUNMLE (page 4).

SPECIFICATIONS

Range: 600 to 14,400 rpm on dinl; ean be used to measure
speeds up to 100,000 rpm. Additional low range, 60 to
1440 rpim,

Accuracy: +19 of dial reading above 900 rpm on
normal (600 to 14,400 rpm) range,

Flash Duration: 5 to 10 millionths of a second.

Power Supply: 105 to 125 volts, 00 eyveles. Prices quoted
on request for other voltages and frequencies.

Power Input: 35 watts, maximum.

Vacuum Tubes: One Tyrr 631-P1 Strohotron, one
6X3-GT /G and one GNT-GT/C are required. A complete
set of tubes is furnished with the instrument,
Accessories Supplied: Seven-fonr power vord, plug to
fit contactor jack, and spare {uses,

Mounting: Metul eabinet with earrying handle
Dimensions: 754 x 9 x 10 inches, over-ull; lens diameter,
5 inches,

Net Weight: 9'< pounds.

Tupe Code Waord .- Price )
631-BL Strobotac™ (60 to 14,400 rpm)...... . BRUIN ; $150.00
631-P1 Replacement Strobotron ... ... ...... l SENNA 7.50

PATENT NOTICE. See Note 0, page vi.
2 GENERAL RADIO COMPANY

File Courtesy of GRWiki.org



STROBOSCOPES

TYPE 648-A STROBOLUX"®
(AUXILIARY LIGHT SOURCE FOR USE WITH STROBOTAC)

USES: The Strobolux is an auxiliary white-
light source for use with the Strobotac in
applications where the areas to be illuminated
are larger than the Strobotae ean cover, or
where greater light  intensity is required.
Although its flash is not as short as that of
the Microflash (page 6), it can be used as a
light source for single-flash photography.

DESCRIPTION: T'yrr 64S-A Strobolux consists
of a power supply and lamp. capable of pro-
ducing brilliant light flashes at speeds up to
6000 per minute. The triggering source is a
Tyrr 631-BL Strobotae which ean be con-
trolled by (1) the self-contained pulse gener-
ator in the Strobotae, (2) the a-e line, (3) an
external contactor ('vee 1335), or (4) an
external  oscillator,  preferably one which
can supply square wave pulses.

The lamp, hilled with a rare gas, furnishes
a white light about one hundred times as
powerful as that of the Strobotac.

FEATURES: 'T'he combination of the Typer
631-BI. Strobotae and Tyer 648-A Strobolux
has all the advantages of the Strobotac
itself plus the feature of high illumination.

No appreciable duplication of facilities is
involved, so that the purchase of the Tyrr
648-A\ Strobolux is an economical solution to
problems requiring greater illumination than
is provided by the Strobotuc.

SPECIFICATIONS

Range: Up to 100 flashes per second (6000 per minute).
Single flushes for photography ean also be obtained.
Duration of Flash: Between 15 and 30 microscconds,
depending upon {lashing speed and upon the setting of
the SPEEDS range switeh, The shorter flash is obtained
at the higher speeds,

Guide Number: The guide pumber (distunce in feet
x aperture) for single flush is about 20 with fast film.
Accuracy: The accuraecy is that of the souree controlling
the flashing speed. (See specifications for Typre G31-BL
Strobotae, page 2.)

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
(18] l'}'("t'x,

Power Input: 125 watts, maximum,

Vacuum Tubes: One 523 Rectifier und one Typi 6G458-1°1

Lamp, both of which are furnished with the instrument.
Mounting: Sheet metal case with blaek wrinkle finish,
Lamp and its 9-inch reflector are mounted in one side of
ease, the power supply in the other, The removable lump
asseihly is provided with a 14 x 20 tapped hole for tripod
mounting.

Accessories Required: A Strobotac is necessary Lo
operate the Strobolux.

Accessories Supplied: Seven-foot power cord, cable for
conneetion to Strobotae, extension eable for lump, spare
fuses.

Dimensions: 13%4 x 11% x 134 inches, over-all; lens
dinmoter, S14 inches.

Net Weight: 3174 pounds,

Tupe Code Word Price
648-A StoBOIONR v sone oo S o AR S BT S SCALY $225.00
648-P1 Replacement Lamp ... ............ J SURLY | 17.50

PATENT NOTICE,
(Left) Adjusting electric shaver cutters with the Strobotae

See Note 6, paee vi

- photo courtesy Remington Rand. (Rigi!) Tyee 631-BL
Strobotace with Tyee 6158-A Strobolux,




STROBOSCOPES

TYPE 1532-B

(HIGH-INTENSITY

USES: The Strobolume produces a brilliant,
white, light flash that is well suited for study-
ing motions of machines operating at rela-
tively low speeds. Two important applications
are the analysis and adjustment of shuttle
motion in textile looms and of color register
in printing.

The Strobolume is designed to be flashed
from uan external contactor such as the
Tyrr 1535-B (page 5), and hence is particu-
larly useful where the motion to be examined
is related to angular position of a shalt, such
as a crankshaft, camshalt, or countershaft,
on one end of which a contactor is held or
clamped. It can also be flashed from a Stro-
botac. It is adaptable as a light source for
single- and multiple-flash  photography  in
research projects, where the motion of the
subject is often too fast to be stopped by
conventional “speedlights.”

STROBOLUME
LIGHT SOURCE)

DESCRIPTION: The clements of the Strobo-
lume are a high-voltage transformer and
rectifier; a capacitor, which is charged to
about 2500 volts from the rectifier; and
lamp through which the capacitor is dis-
charged to produce the flash. The discharge
18 initiated by a special strobotron tripped
by an external impulse. Fither of two values
of capacitance can be used, as selected by n
switch. The larger is for flashing rates up to
1200 per minute with intense light for short
periods, the smaller for rates up 1o 3000 with
about 1 20th as mueh light. The Strobolume
operates from a 115-volt a-¢ line, 50 to 60
eveles. The entire assembly is mounted in a
small metal case with handle.

FEATURES: > Burilliant, white
flash.

> Short flash — about 40 microseconds al
high-intensity position; 20 microseconds at
low-intensity position.

> Ilashing rates up to 3000 per minute.

> Overload breaker opens on high-intensity
range, when maximum safe operating time is
reached for any speed.

> Compact, light, portable
> Lamp and its housing are removable from
power supply and are provided with a 10-fool
extension cable.

> Lamp housing is provided with tripod
socket,

> Secaled-beam lamp is easily removed for
replacement.

high-intensity,

assembly.

SPECIFICATIONS

Flashing Speed Range: Iligh intensity - continuous,
60 Hashes per minute, maximum; intermittent, or for
short periods, up to 1200 per minute. Low intensity
continuous up to approximately 3000 per minute.
Duration of Flash: Approximuately 40 microseconds with
intensity  switeh ot HIGIHE: approximately 200 miero-
seconds with switeh at LOW.
Guide Number: The guide number (distance in feet x
aperture) for HIGH intensity is wbout 100 with fast filin,
Flashing Control: Tyre 1535-B Contactor or Tvyer
631-BL Strobotae with Tyre 1532-P2 Transformer Cable.
Tubes:

| Rectifier — Typr 816

1 Strobotron — Type 0AS

I Flash Lamp — Tyer 1532-Pl (GE Type 1°'T-220)

minal, flash control cord with push button, and a plug
to which a contactor ean he connected.

Other Accessories Required: None, if lamp is to be
flashed manually by push button. For stroboscopic work,
a Tyre 1535-B Contactor, or a Type 631-BLL Strobotac
with Tyre 1532-P2 Transtormer Cuble ix needed,
Mounting: Metal ease with rounded top; lamp is re-
movihle; storage space for lamp cable is provided in
case, Tapped hole (M x 20) for tripod mounting is
provided in lamp housing,

Power Supply: 115 1o 125 volts.
Power Input: At HIGH intensity,
per minute; 500 watts at 1200 fashes per minute,
LOW intensity, 120 \\ atts ut 3000 flushes per minute,
Dimensions: 13 x 7'y x 11145 inches, over-all; lump unit,
6 inches diameter x 534 inches,

al) 1o 60 eyveles
105 watt= at 60 flashes

At

Accessories Supplied: Power cord with ground ter- Nect Weight: 18's pounds, Lamp unit only, 2 pounds.
’]’ypg‘ ('n:[: ”'OI'ff Pr."r'f
1532-B Strobolume . . .. .. ................. TITLE $265.00
1532-P1 Replacement Lamp................ TOWEL 30.00
1532-P2 Transformer-Cable (Length: 7 fee') TULIP 12.00

PATENT NOTICE. BSee Note 6, page vi,
4 GENERAL RADIO COMPANY
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STROBOSCOPES

TYPE 1535-B CONTACTOR

USES: The Tyee 1535-B Contactor is a
control and coupling device for synchronizing
a stroboscope and a rotating shaft, so that
motion can be observed stroboscopically as a
function of shalt angular position. It is
particularly useful in the examination of
relatively  low-speed machinery  with  the
Tyre 1532-B StrosorvMe, in such applica-
tions ax the timing of loom shuttles and the
adjustment of register in printing. It can be
used equally well with the Strosorac or with
the combination of Strosorac and StroBO-
LUX, al speeds below 5000 rpm.

DESCRIPTION: The basic elements of the
Contactor arve the electrical contacts, the
phase-andjusting system, and the mechanical
coupling system.

The electrical contact system comprises an
aceurately rotating eam and a low-inertia
breaker arm. One contact is made for each
revolution of the drive shaft.

The phase-adjusting system permits the
instantaneous angular relationship between
the contacts and rotating shaft to be con-
tinuously adjusted through 360 degrees. The
relative position of the contacts is shown on
a scale graduated in five-degree intervals,
The seale is so arranged that it may be set
to zero without changing the contact setting.
This is particularly useful for making timing
studies. Two phase adjustments are provided,
one is located on the contactor body and the
other is at the end of a detachable ten-foot
flexible shaft.

The mechanical coupling system consists
of an 18-inch flexible shaft whose free end
terminates in a powerful, multipole, Alnico
magnet that assures positive drive from a
steel or iron shaft without need for drilling
and tapping the shaft.

The entire assembly is mounted on a
sturdy four-foot rod, secured in a heavy, cast
iron base, 18 inches in diameter. The con-
tuctor may be located at any point on this rod
and is locked in position by a thumbserew.

FEATURES: » Magnetic cluteh uses a power-
ful, multipole, Alnico magnet, provides posi-
tive cluteh action on iron and steel without
the necessity of drilling and tapping the shaft.
> Clutch has spring-loaded centering device.
» Can be easily attached and removed from
machine while in motion.

> Remote control shaft is removable.

> Ball bearings are used on rotating parts,

> Flexible drive shaft can be bent through
90° angle for work in erowded locations.

> Auxiliary coupling devices are furnished
for use in applications where permanent
coupling to shalt is preferable, or where shaft
Is non-magnetie,

> Contactor can be removed from stand and
mounted permanently on machine.

> Degree dial can be set to zero for conveni-
ence in reading.

SPECIFICATIONS

Speed Range: 0 to 5000 rpm.

Contacts per Revolution: One.

Range of Phase Adjustment: 360°.

Range of Height Adjustment:  inches to 4 fect.
Diameter of Base: IS inches.

Accessories Supplied: Auxiliary coupling deviees for
connection to shaft in which hole has been drilled.
Other Accessories Required: When the Contactor is
used with a Strobotae, a Tyee 1535-P1 Adaptor Cuble is
needed for connection to the Strobotae,

Net Weight: 47 pounds,

Type Code Word Price
1535-B | Contactor. . .......... vy SR e CROOK $135.00
1535-P1 Adaptor Cable. . . . . ... S R CROOKCABLE | 6.00

PATENT NOTICE. See Note 6, page vi.
GENERAL RADIO COMPANY 5
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STROBOSCOPES

TYPE 1530-A MICROFLASH"®

USES: The Microflash is a light source for
single-flash, ultra-high-speed photography.
It provides a high-intensity light flash whose
duration is approximately 2 millionths of a
second, capable of arresting extremely rapid
motion and recording it with conventional
cameri equipment,

Photographs of objects moving at extremely
high speeds are possible with the Mieroflash,
and it finds many applications in engineering
and the physical sciences, partienlarly in such
fields as ballisties, hydraulies, kinematics, and
industrial chemistry.

Among these are studies of wear or abrasion,
of turbulence in liquids, of fractures in solids,
of mechanieal distortion at high rotational
speeds, and of the atomization of liquid fuels.
DESCRIPTION: The elements of the Miecroflash
are a power supply, a gas-filled lamp, and a
trigger cireuit. A high-voltage transformer
and rectificr, operating from the a-¢ power line,
charge a capacitor across the lamp terminals.
An electrical impulse, which may be derived in
any one of several ways from the phenomenon
to be photographed, ionizes the gas in the
lamp, and the energy stored in the capacitor is
dissipated in a discharge through the lamp,
producing a short brilliant flash. A minimum
of 10 seconds is required between flashes for
the capacitor to become fully charged.

Typical Mieroflash photograph.

The trigger circuit includes an amplifier, so
that the flash can be tripped with a conven-
tional crystal microphone, if desired. The
flash can also be triggered by a make or break
contact, '

FEATURES: The outstanding feature of the
Microflash is its high-intensity, very short
flash. During the flash, an objeel moving at
1000 feet per second would be displaced only
about two hundredths of an inch. Conse-
quently, sharp records can be obtained of
bullets and other projectiles in flight.

SPECIFICATIONS
Duration of Flash: Approximately 2 microseconds.
Guide Number: The so-ealled guide number (Distanee
in feet x aperture) for the Microfiash is about 20 with
fast filn, and with the =ubject several feet from the lamp,
Temperature and Humidity Effects: Temperature
and humidity varintions (32 to 100° 1Y, 0 to 95% R.IL)
have no appreciable effect upon the operation of the
instrument.
Power Supply: 105 to 123 {(or 210 to 230) voltz, 50 to
B0 exveles,
Power Input: 70 watts,

Tubes:
1 —5U4G 1 —FG-17 (GE)
1 —2V3-G 1 GACT (1852)

1 — Tyre 1530-P1 (General Radio)
Accessories Supplied: Microphone with eable, tripod,
all tubes, 2 spare flash Lhunps Tyee 1530-P1, plug for
conneetion to contactor-trip jack, power eable, and spare
fuses.

Mounting: The power supply and trigge
assembled in one metal ease, the lamp ir

another, ”

twa cases lock together for transportation, completely
protecting the lnmp and eontrols,

Dimensions: 24!, x 134 x 113{ inches, over-all; lens
dismeter, 81 inches.

Net Weight: 72 pounds,

—— Ty ) P — Code Word “lr'w'fm‘
1530-A NMISOREEH® - v cinaas e sy g upesmred TAFFY $640.00
1530-P1 Replacement Flash Lamp. ... .......| TONIC 22.00

PATENT NOTICE. See Note 6, page vi.

6 GENERAL RADIO COMPANY
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TYPE 1534-A

USES: The Gieneral Radio Polariscope is in-
tended for the study of static and dynamic
stresses in transparent. photoelastic models
of structural members by means of the fringe
patterns that they exhibit under polarized
light when stressed. Tt is best adapted to the
study of two-dimensional stresses such as are
set up by tension, compression. and bending
in members of uniform thickness, viewed nor-
mal to the stressed axis. Because the photo-
graphic exposure time is extremely short, it
can be used for dynamic as well as statie
observations. It is suitable for the study of
both isoclinic and isochromatic patterns.

The Polariscope has many applications in
physics and mechanical engineering, among
them the study of the effects of fillets and
other stress-relieving contours.

DESCRIPTION: ‘T'he view of Iigure 1 shows
the elements of the Tyee 1531-\ Polariscope,
The incandescent lamp unit shown is used for
adjustment and focussing and is supplied with
the polariscope. For photographing the stress
putterns, this lamp is replaced by a Strobo-
lume (see price list page 8), which emits a
brilliant Hash of approximately daylight qual-
ity, lasting not more than 10 microseconds
(40 millionths of a second), so that dynamie
putterns can be arrested for photographing.
The Polariscope with the Strobolume lamp is
shown in Figure 2,

POLARISCOPE

POLARISCOPE

The blue-richness of the Strobolume spec-
trum permits the use of a filter. peaked in the
blue-green at 4800 Angstroms, to give essen-
tially monochromatie light.

The polarizer and analyzer assemblies are
identical, cach mounting a plane polarizer
with a degree scale calibrated from zero to
both plus and minus 907 for isoclinie (loei of
equi-lirectional  stresses)  determination, A
quarter-wave retardation plate, removable
without tools, rotatable, and registering for
right- or left-hand cireular polarization, per-
mits isochromatice (locei of equal net intensity
stresses) patterns to be observed. Optical field
is 8 inches in dinmeter.

AL elements are horizontally  adjustable
along the 36-ineh shafts and vertically adjust-
able over about 12 inches. Vee and flut ways
insure optical alignment. Thumbserews hold
desived settings. Bases of all components are
provided with mounting holes for use when
the shafts are not required.

The Straining Bridge furnished with the
instrument will serve for simple set-ups, but
is not intended to be an aceurately calibrated
straining  [rame. Such  equipment c¢an  be
devised by the user to fit his particular re-
quircments. Similarly, for dynamic stress
analysis, both the straining means and the
flash-tripping circuits should be tailored for
the job by the user.

Frovie 1. View ol complete Polariscope with incandescent light souree and cumera.

ANALYZER

CAVERA i

CAMERA

BRIDGE

STRAINING
BRIDGE \l

& PoLARizER DIFFUSER
= B -
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POLARISCOPE

FEATURES: > Light weight and low cost, re-
sulting from the use of a high-speed flash and
its consequent elimination of long photo-
graphic exposure requirements,

> High photoelastic sensitivity, resulting from
use of light of very short wavelength.

> Photographic records can be made without
darkening the room.

> Cuan be used in drafting room as easily as in
laboratory.

> Convenient and simple to use,

> Large, S-inch optical field.

> Uses conventional camera equipment; f,4.5
aperture with slow film is adequate.

> Dynamic stresses can be studied.

> DBrings photoelastic measurements within

reach of the laboratory with a modest budget
and limited space.

SPECIFICATIONS

Components Supplied:

Ty e
Tyre
Tyes

Tyer

Tyry

: 1534-P1 Polarizer
2 158411 Analyazer
2 138A-P2 Diffuser

155411 Camern Bridge

: 1534-P5 Filver

Tyre 153410 Incundeseent Light Source
Tyre 1534-P7 Shufts (30 inches lonyg)
Optical Field: S-inch dinmeter,
Vertical Adjustment: 12 inches,
Accessories Required :'I'yre 1532-B Strobolume, eamera
with ground glass and lens of f 4.5 or faster, Camera

1
1
1
1 °Tyer 155413 Steain Bridge
1
1
|
2

Bridge has enptive 14-20 thumbserew to fit tripod socket
Oon eamern,

Other Accessories Recommended: Wratten No. 75
front-of-lens filter, This permits enmera shutter to he
opened for short periods in artifieial light without danger
of fogging.

Film: Process film is recommended for optimum result<,
Model Material: Water-white Caralin is re

Models contour-ent fromn sheets east between plate-glass

surfaces require no further finishing.
Tupe

1534-A

| POIGRSCOPD v coavianvn i

Dimensions: 36 x 14'3 x 18 inches, over-all.
Net Weight: 32 pounds,

Light- and dark-ficld photographs of specimen, illustrating
fringe patterns shown under circular polurization,

Code Word

FOCUS

Price

$490.00

STROBOLUME

The Tyrr 1532-B Strobolume is described on puge 1.

B Tupe —
1532-B

PATENT NOTICE, See Note 6, page vi.

Stroholume.. .« ovcs con vvs

C'ode Word Price

TITLE |  $265.00

Iiav e 2. View of Polariscope with Strobolume flush source,

STROBOLUME
= LAMP

STROBOLUME
POWER UNIT

8 GENERAL RADIO COMPANY
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SOUND AND VIBRATION

TYPE 1551-A SOUND-LEVEL METER

USES: The Tvyre 1551-A Sound-Level Meter
is a compact, accurate instrument designed
for the general measurement of sound fields.
It is ideally suited to the sound-measuring
problems ol commerce and industry, Manu-
facturers of machines and applianeces use it for
measuring product noise hoth in the develop-
ment laboratory and in production. For such
plants, it provides a means of establishing
noise standards, of accepting or rejecting
products on the basis of noise tests, and of
analyzing and correeting trouble in the re-
jected units,

Acoustical engineers also use the sound-
level meter for determining noise levels from
engines, machinery, and other equipment, and
for investigating the acoustieal properties of
buildings, structures, and materials,

Industrial hygienists and psyvehologists use
it in surveys of the psyehological and physio-
logical effects ol noise, for the establishment
of acceptable noise levels, and the deter-
mination of satisfuctory noise environments
in factories and oflices.

Accessory equipment, such as frequency
analyzers, graphic-level recorders, and mag-
netic-tape recorders can be operated from the
output of the Sound-Level Meter.

It is also suitable for use as a portable am-
plifier for luboratory standard microphones,
and. with a high-fidelity microphone. for
measurements on high-fidelity sound svstems.

Although the low-cost erystal microphone
supplied with the Tyre 1551-A Sound-Level
Meter is satisfactory for the majority of appli-
cations, specinl microphones ean be used to
full advantage, Among these are the T'yrge
1551-P1 Condenser Microphone System for
high-fidelity  work, the Western FEleetrie
G40-AA where a reproducible standard is de-
siredd, and the Typei 759-P25 Dynamie Micro-
phone Assembly for use with a long cable or
where extreme temperature variations are met.

DESCRIPTION: The Tyrr 1551-A Sound-Level
AMeter is an aceurate, portable, low-priced
meter for reading, in terms of a standard
reference level, the sound level at its micro-
phone.

It consists of a non-directional microphone,
an amplifier, a ealibrated attenuator, and an
indicating meter,

The complete instrument, including batter-
ies. is mounted in an aluminum case with an
casily removed cover over the panel. The
microphone is mounted on a bracket and folds
down into a panel recess when not in use. In

GENERAL RADIO COMPANY 9
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SOUND AND VIBRATION

this storage position of the microphone, bat-
teries are automatically turned off. An a-c
power supply unit is available.

FEATURES: » Small, compact, and eusily port-
able — weighs only 11 pounds with batteries.
> Simple to operate.

> Mecets all standards of the American Stand-
ards Association, the American Institute of
Electrical  Ingineers, and the Acoustical
Society of America.

> Beparate oulput systems for panel meter
and output terminals. When a sound analyzer

is used. meter ean be used for monitoring,
> Two-speed meter movement permits mens-
urement of either steady or fuctnating sounds.
> Wide range — from 21 to 110 db,

> Sub-miniature tubes in negative feedback
amplifier cireuits provide excellent stability.
> Batteries are readily available,

> Amplifiers and panel meter have wide fre-
quency response, 20 cyveles to 20 kiloeyeles,
> Low internal noise level.

> Internal calibration system for standard-
izing amplifier gain,

SPECIFICATIONS

Sound-Level Range: From 24 db 1o 140 db above the
standurd sound pressure reference level of 0.0002 micro-
har (a pressure of 0.0002 dyne per square centimeter) at
1000 eveles,

Frequency Characteristics: Any one of 4 response
characteristics ean be seleeted by means of a panel switeh.
The first and second of these are, respeetively, the 40 and
70 db equal-louduess contours in accordance with the
current standard speeified by the American Standards
Association, The third frequency response characteristic
gives a substantially equal response to all frequencies
within the range of the instrument and its microphone.
This characteristic is used when measuring extremely
high sound levels, when measuring sound pressures, or
when using the instrument with the Type 760-B Sound
Analyzer, the Tyre T36-A Wave Analyzer, or the Tyre
1550-A Octave-Bund Noise Analvzer. The fourth fre-
quency response  characteristie provides an  amplifior
which has essentially flut response from 20 eyveles to 20
kiloeyeles, so that full use can be made of extremely wide
range microphones such as the W.E, 640-AA or the Typre
1551-1’1 Condenser Microphone System.

Microphone: "I'he microphone is of the Rochelle-salt,
erystal-diaphragm type with an essentially non-diree-
tional response characteristic. Condenser and dynamie
microphones are availuble as aceessories,

Sound-Level Indication: The sound level is indieated
by the sum of the readings of the meter and an attenu-
ator. The meter has a range of 16 db, and the attenuator
has a range of 100.db in 10 db steps.

Output Terminals: A juck iz provided, which supplies
an output of 1 volt aeross 20,000 ohims when the panel
meter ronds full seale. This ourput is suitable for use with
the Tyre 7T60-B Sound Analvzer, the Type 736-A2 Wave
Analyzer, the Tyre 1550-A Octave-Band Noise Anulvzer,
a graphic level recorder, or a magnetie tape reeorder.

A SLOW-FAST switeh makes available two meter
speeds. With the eontrol switeh in the FAST position the
ballistic eharacteristies of the meter simulate those of
the human ear and agree with the eurrent standards of
the American Standards Associntion. In the SLOW posi-
tion, the meter iz heavily damped for observing the
average level of rapidly Auetnating sounds.
Calibration: A means is provided for standardizing the
sensitivity of the instrument in terms of any a-e power
line of approximately 115 vaolts.

The absolute level of all microphones is checked at
several frequencies ngainst a standard mierophone, whose
calibration is periodieally  checked by the National
Bureau of Standards.

Tyrre 1552-A Sound-Level Calibrator (page 15) is
available for making periodic checks on the over-all
culibration, inclnding microphone.

Accuracy: The frequeney response earves A, B, and C
of the Tyre 1551-A Sound-Level Meter fall within the
tolerances specified hy the eurrent ARA <tandards, When
the amplifier sensitivity is standardized, the absolute
aceuracy of =ound-level measurements is within =1
dercibel for average machinery noises in aceordance with
the ASA standards,

Temperature and Humidity Effects: [Readings are in-
dependent (within 1 db) of temperature and humidity
over the ranges of room conditions hormally encountered,
Batteries: Two 114-volt size-1) flashlight eells (Eveready
950 or equivalent) ; one Eveready 467 I battery or equiva-
lent, Batteries are supplied. The Typr 1262-A A-C
Power Supply is availuble if a-¢ operation is desired. (See
price table below.)

Tubes: Four CK-512-AX and three CK-533-AX are re-
quired, A complete set is supplicd with the instrument,
Accessories Supplied: Power Cord (for calibration
check), telephone plug.

Other Accessories Available: See pages 12 to 15.
Cabinet: Shielded aluminum and plastie eabinet that
also serves as o carryving ease.

Dimensions: The over-all dimensions are approximately
(height) 634 x (length) 1013{ x (width) 87§ inches.
Net Weight: 11 pounds, with batteries.

TYPE 1262-A POWER SUPPLY

The sound-level meter is supplied with batteries. IFor a-¢

operation the Tyre 1262-A Power Supply attaches to the

sound-level meter eabinet, as shown above. Input is 105 1o

125 volts, 50 to G0 eyeles, 2 watt=. I'or complete specifi-
ertions see page 121,

T'ype (ode Word Price B
1551-A Sound-Level Meter.......... == MIMLC $360.00
Set of Replacement Batteries ., ... ... MIMICADBAT 2.75
1262-A PowerSupply uazineivl e e v i MANLY 75.00
PATENT NOTICE, Sce Note 1, page vi.
10 GENERAL RADIO COMPANY
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SOUND AND VIBRATION

TYPE 1555-A SOUND-SURVEY METER

USES: This pocket-size, inexpensive, sound-
survey meter, of good accuracy, is designed
for the many applications where the nature
of the measurements does not require the
aceuracy of the Typre 1551-A Sound-Level
Meter. The Typre 1555-A Sound-Survey Meter
is well suited to a wide variety of general
survey measurements, many of which are
economically practical only with a low-cost
meter,

This handy, versatile device c¢an be used
for checking the level of reproduced sound
from theatre systems, public-address systems,
and other sound systems; uand, on high-
fidelity sound systems, for determining the
response characteristies through the cross-
over point and for measuring the dynamie
range. It is also useful for checking levels at
rehearsals and in speech and singing classes;
for determining an acoustic reference level
when recording; for preliminary field surveys
by sales engineers for acoustical materials;
for acoustic experiments in physics classes; for
measuring the sine-wave response character-
isties of loudspeakers and rooms; for prelimi-
nary surveys to determine noise levels in
homes, offices, [actories, and other buildings,
in streets and subways, and in vehieles; for
determining levels from appliances, machin-
ery, and office equipment; and for preliminary
checks ol noise levels for estimating the possi-
ble long-time elfect on hearing of operating
personnel.

When compliance with noise test codes is
required or when analysis of the noise is de-
sired, or both, the Tyre 1551-A Sound-Level
Meter and ifs accessory instruments are
recommended.

DESCRIPTION: The Tvyrr 1555-A Sound-
Survey Meter indicates the level of noise and
other sounds in terms of a standard reference
level. Tt consists of a non-directional micero-
phione, a calibrated attenuator, an amplifier,

and an indicating meter. The amplifier uses
subminiature tubes in a negative feedback
circuit.

The entire assembly, including microphone
and batteries, is mounted in a simple, two-
piece, aluminum case. The controls for the
attenuator and the weighting network selector
are linger-tip-control dises.

FEATURES: > Small enough to fit in trousers
pocket. 6 x 315 x 2L, inches, over-all,

> Weighs only 1 pound, 14 ounces with bat-
teries.

> Indicating meter is conveniently located
and easily read.

> Only two controls, both on face of instru-
ment.

> Can be used when set on a bench or table,
when mounted on tripod or when held in hand.
> Miniature in size, vet it uses standard and
well-tested components,

> Meter can he rewd for either horizontal
or vertical orientation of microphone.

SPECIFICATIONS

Range: From 40 db to 136 db above the standard sound-
pressure reference level of 0.0002 pbar.

Frequency Characteristic: Three different {requency
characteristics can be selected by the mnain control switeh.
In the (" and € 430 db weighting positions substantially
equal response to all frequencies between 40 and S000
eps is obtained. This characteristic is ordinarily used for
all levels above 85 dh.

The 1 weighting position is used for levels hetween 55
and 85 db. Its response follows the 70-db contour estab-
lished as the standard of weighting for sound-level meters.
The A weighting position is usually used for levels he-
tween 40 and 55 db. [tz response follows approximately the
40-db contoyr established for sound-level meter weight-

ing. In addition to providing means for making the usual
weighted level measurement, these characteristies permit
one to estimute, by comparative messurements with dif-
ferent weighting characteristies, the relative importance of
low-frequency components in the =ound being measured.
Microphone: The crystal diaphragm-type mierophone
cartridge is mounted at the top of the instrument.
Proximity of microphone to tuhe grid reduces the tems-
perature coefficient to the order of 0.03 db per degree I,
Meter and Attenuator: I'or levels below 100 db the
noise level is given by the sum of the readings of the meter
and attenuator.

For levels above 100 b the main eontrol switeh is set
to '€ 430 db."” Then the noise level is given by the sum

GENERAL RADIO COMPANY 11
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SOUND AND VIBRATION

of the readings of the attenuator and the meter plus 30 db,
The ballistie characteristies of the rectifier-type meter
are similar to those for standard sound-level meters.

Stability: The amplifier and level indieator are stabilized
by feedback. The change in gain with battery voltages is
thereby reduced to moderate values,

The behavior of the instrument is not noticeably
affectod by temperature and haidity over the ranges
of room conditions normally encountered. The maximum
safe opernting temperature iz 115° . Temperatures above
130° I will permanently damage the Rochelle-salt erystal
in the microphone cartridge.

Accuracy: The gain of the amplifier is set initially so
that the sensitivity of the instrument is correct at 1000
eps within 41 db, The 22 and C frequency charastensties
are essentially within the tolernnees allowed by the
American Standards Associntion specification on Sound-

Tupe

Lovel Meters, The A frequeney characteristie is stmiln
to that required by the ASA specification, but it provides
only the low-frequency roll-off below 1000 eps,

When the # and € weighting are used. the reading of
this meter, for almost all types of sounds, agrees with that
of o meter meeting the ASA specifieation on sound-level
moters to within the tolerances allowed by the standard
but inerepsed by 1 dh.

Batteries: One 1}5-volt size-C  flashlight
(Eveready 935 or equivalent) and one 30-volt hearing-aic
battery (Bveready 413F or equivalent) are supplied.
Tubes: Two CK-512-AX and two CK-333-AX tubes are
supplied,

Cabinet: Aluminum, finished in organie black with
standard 14-20 threaded mount for tripod, Leather carry-

battery

ing ease is available, see price list below.
Dimensions: 6 x 3'< x 215 fnches, over-all,
Net Weight: 1 pound, 14 ouneces, with batteries,

Code Ward Price

1555-A Soﬁnd-éﬁrvey Meter. ......
Set of Replacement Batteries... ... ...

1555-P1 | 50 i

PATENT NOTICE. See Note 1, page vi.

STANDARD ACCESSORIES FOR THE TYPE

MISER
MISERADBAT ‘
CASER

$135.00
1.53
10.00

1551-A

SOUND-LEVEL METER

The following accessories are availuble for
use with the Tyre 1551-A Sound-Level Meter
to inerease its field of application and to adapt

it for specialized types of measurement. NMany
ol these accessories ean also be used with the
older T'yre 759-13 Sound-Level Meter,

VIBRATION PICKUP AND CONTROL BOX

The vibration pickap and eontrol box plug into the sound-
level meter in ;-l:un of the znir':u;vhnru-, ns shown in the
photograph above,

The Ty 759-P35 Pickup and Tyre 759-P36 Con-
trol Box have been designed for use with General
Raddio Sound-Level Moeters,

The Tyre 750-P35 Vibration Pickup is an inertia-
operated ervstal deviee which genorates o voltage
proportional to the aeceleration of the vibrating body.
By means of integrating networks in the control box,
voltages proportionsl to veloeity and displacement
ean also be |i|‘“‘.'0'!m! to the r-uluui-]c". ol meter, ’]'ht' llt'-
sired response is selected l)_\' means of 2 {hl\-t'-pniul
switeh on the control box,

The low-frequeney  response of the sound-level
meter is sufficiently good to permit vibration measure-
moents at frequencies down to 20 eveles, Such measure-
ments include the fundamental and harmonte fre-
queney vibrations of machines rotating at 1200 rpm
or higher, as well us many structural rezonances,

SPECIFICATIONS

Calibration: The db readings of the sound-level meter
ean be eonverted into absolute values of displacement,
veloeity, or aveeleration by menns of calibration data,
Range: Tlic range of measurement of the piekup and
control box when used with the Typre 1551-A or the Typee
750-B sSound-Level Meter is :l‘v;»?’u\im;lh-’\ as follows:
Rem-= Displucement -
-5 Veloetty

30 micro-inches (mintmum).

1000 micro-inehes per <ccond (mini-

Over-ull froqueney response charneteristie of the vibiration

;m-kn;-. control box, and sound-level meter for con-

stunt applied acceleration, veloeity and displacement,
respectively.

12 GENERAL RADIO COMPANY

File Courtesy of GRWiki.org



mum). The upper limit of veloeity and displacement
meastrements is dependent on the frequeney and is
determined by the maximum aceeleration permissible

hefore non<linearity oceurs (10 g).

R-tni=5 Acecleration 0.3 to 3900 in,/see see (10 e).
Frequency Characteristic: Sce plot. For frequencies
below 20 eyeles the Tyer 761-A Vibeation Meter should
h" ”-"I'(t»

Mounting: Both control box and pickup are housed in
metal containers, finished in black laequer.

SOUND AND VIBRATION

Net Weight: Tyre 759-P35 Vibration Pick up, S ouneces
(pickup only);
Tyre 750-1236 Control Box, 1 pound, 13 ounces.

me r.'u.]-hl\ T-foot cable and tips, | pound;

Type Code Word  Price
759-P35| Vibration Pickup | xosEY |$40.00
759-P36 | Control Box ..... NANNY | 50.00

DYNAMIC MICROPHONE ASSEMBLY

For some measurements, particularly where a long
cable must be used between mierophone and meter, or
where large ranges of temperature and humidiny
are encountered, a dynamic microphone is preferable.
The Tyre 759-125 Dymumie Microphone Assembly
ineludes, in addition to the microphone, a 25-foot
cable, an input teansformer, and a tripod, The trans-
fortmer plugs into the Sound-Level Meter in place of
the standard mierophone, and the microphone eable
plugs into the transformer.

SPECIFICATIONS

Frequency Response: When the sound-level meter and
dynamiv wierophone are

adjusted to the correet lovel,
the combination will meet the ASA specifications above
40 excles. T'he procedure for making this adjustment is
desevibed  in the instruction book. Typi
curves are shown below,

Sensitivity: Open-cireuit output of typieal microphone
ix 00 db below one volt per microbur,

il response

and of microphone
plus transformer is 60 db below one volt per mierobar.
This sensitivity is satisfaetory for use with both the Tyre
1551-A andd the Tyee 759-B Sound-Level Meters,
Direct Use with Analyzers: This microphone assemnhbly
is suitable for supplying a signal divectly to the Tyes
1550-A Octave-Band Noise Analyzer and the Tyre 76G0-13
Sound Analyzer provided the level of the measured com-
ponents is ahove 70 db (re 0.0002 gbhar). (A Tyre 1552-
Sound-Level Cualibrator is then necessary to obtain
ubsolute level.)
Calibration: Output le
at several frequencies

rel is cheeked in our laboratories
rainst a standard microphone that
15 ecalibrated periodically by the National Bureau of
Standards. The level at 100 eyeles is supplicd,

db re | VOLT PER MICROBAR

FREQUENCY IN CYCLES PER SECOND

T'yne

759-P25

759-P22 Extra 100-foot cable. . .

DynumiciMiicrophone Assembly. .

Maximum Safe Sound Pressure Level:
sure levels above 140 db can damage the microphone.

Cable Correction: No correction is neecessary for the
supplied or the Tyrg 739-122 100-foot

Sound pres-

25-foot cable
cable,
Net Weight: «

"4 pounds,

(BB) Microphone and nsformer plug into the sound-
level meter as shown above,

Typical response enrves of

[\ll. 1551-A Sound-Level

Meter with Tyee 759-P25

Dynamic Mierophone As-
setnbly.,

Code Ward Price

$150.00
30.00

NABOR
NASAL

TRIPOD AND EXTENSION CABLE

For measurements where the microphone must he
located at o distanee from the meter, the I'yre 759-P25
Dynamie Microphone is recommended (see above),
However, a 25-loot extension cable and tripod for

T;‘M"

759-P21

| Tripod and Extension Cable

mounting the Rochelle-salt erystal microphone ean he
supplied, With this cable a correction curve is fur-
nished, giving the cable correction as a function of
temperature of the microphone.

Code Word Price

KIMBO [ $18.50

GENERAL RADIO COMPANY 13
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SOUND AND VIBRATION

TYPE 1551-P1 CONDENSER MICROPHONE SYSTEM

View of the condenser mierophone system and sound-

level meter, showing how power-supply  assembly
attaches to sound-level meter cabinet, Inset shows

microphone, preanmplifier and base, disassembled.

SPECIFLGC

Frequency Response: Useful range of the Tyre 1551-A
Sound-Level Meter with T'yee 1551-P1 Condenser Micro-
phone System is 20, eveles to 15 kiloeyeles. Typical fre-
(queney” response curves are shown below.

Calibration: The output level of the microphone system
is measured at soveral frequencies against a standard
mierophone that is calibrated periodically by the Nutional
Burcan of Standards. The measured level at 400 exeles is
supplied. A Culibration Adaptor is provided for use with
the Tyre 1552-A Sound-Level Calibrator,

Direct Use with Analyzers: This microphone assembly
iz suitable for supplying a signal direetly to the Tyeg
1550-A Octave-Band Noize Analyzer and the Typre 760-13
Sound Analyzer provided the level of the measured com-
(A Tyre 1 A

Sound-Level Calibrator is then necessary to oblain

ponents 1s above T0 db (re 0.0002 ghar

nbsolute level.)

Maximum Sound-Pressure Level: At levels above
140 db the output of the microphone hecomes non-linear.
FFor levels up to 180 db the Altee Type 21-BR-200 ean
be nsed in place of the one supplied. (The T'yre 21-BR-200
is not furnished as part of the Tyre 1551-P1.)

Cable Correction: No correction is necessary for the
10<foot cable supplied.

Internal Noise Level: Under normal conditions the
noise level of the I'yre 1551-P1 Condenser Microphone
Sysatom is low enongh to permit satisfactory measure-
ments of :l;ll“l[-]rh‘.--l]u' levels as low ns 50 db (re 0.0002
ubar).

T'ypo

1551-P1

| Condenser Micirophoine System ... ..

Tur Tyer 1551-P1 Condenser Microphone
Svstem is designed for use with the Tyer
1551-A Sound-Level Meter. When the sound
to be measured covers a wide frequency range
or has much energy above 3 ke, the Condenser
Microphone System is a better pickup for the
Sound-Level Meter than either crystal or
dynamic microphones, For high sound levels
the Condenser Microphone System can be
connected directly to an analyzer,

The condenser microphone (Altee 21-
Tyre) mounts on a small eyvlindrical base,
which houses a subminiature pre-amplifier
tube, A battery operated power supply, which
can be fastened to the end frame ol the Sound-
Level Meter, provides filament and plate
power for the pre-nmplifier and polarizing
voltage for the microphone. A 10-foot exten-
sion cable, a tripod, a calibration adaptor,
and a leather carryving case are supplied.
ATIONS

Output Terminals: A short flexible output eable on the
power unit plugs into the microphone socket of the Tyre
1551-A Sound-Level Meter in place of the standard
erystal microphone. In addition, a jack locatied on the
side of the power \PI[!)"\ ]nn'\':nlnw a direet connection to
he Tyree T60-B Sound Analyvzer or the Typre 1550-A
Oetave-Band Noise Analyzer,

Batteries: One 11i-volt size-D flashlight ecell (Eveready
950 or equivalent) and one 300-volt B battery (Eveready
403 or Burgess V-200) are supplied.

Tubes: One Raytheon Typer CIK-512-AX is supplied in
the Tyrr 1551-1"1-25 Microphone Base.

Mounting: Microphone on microphone base plags into
one end of 10-foot ecable, which has fitting to mount on
the tripod. Other end of 10-foot cable connects to power
supply unit which fastens to the end frame of the Sound-
Level Meter.

Dimensions: Microphone — (diameter) 54 x
(dinmeter) 35 x (length)
(height) 7 x Uength) 314 x

(length)
214 4 inches: Microphone Base -
3 inches; Power Supply
(width) 715 inches,
Leather earrying ease with compartment for micro-
phone and microphone base, power supply, 10-foot eable,
and ealibration adaptor has over-all ontside dimensions
of approximately (height) 7 x (length) 514 x (width)
als inches.
Net Weight: Altee Microphone, less than ' oz,
Microphone and Base, 1.2 oz.
Power Supply. 3 1bs. 11 oz
Complete System in Carrying Clase, 7 1bs, 6 oz,

Cade Word Price

' NONAL | $225.00

(Note: The Tyrre 1551-P1 can be used with the older Tyrr 759 Sound Level Metors within the frequency limits of the

Typz 7539
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0°(PERPENDICULAR
INCIDENCE) Typieal response char-
avteristics for the Tyrs
1551-A Sound-Level
Meter and the Tyer
1551-P1 Condenser Mi-

|:rnphul||< Svstem.

90*(PARAL
NCIDENCE

FREQUENCY IN CYCLES PER SECOND
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SOUND AND VIBRATION

TYPE 1552-A SOUND-LEVEL CALIBRATOR

USES: The Sound-Level Calibrator provides a
means of making an over-all acoustie check of
the Sound-Level Meter calibration, including
the microphone. It can be used to calibrate
the Tyrre 1551-A, Tyre 759-B, and T'vre
759-A Sound-Level Meters; the Tyer 1551-P1
Condenser Microphone System; as well as

other instruments that use the 9898-type, the
BR2S-type or the Tyee 759-P25 (6G33A)
microphones.

In conjunction with the internal calibration
check on electrical cireuits that is provided
in the Sound-Level Meter the Sound-Level
Calibrator makes it possible to deteet and to
evaluate any long-period change in over-all
sensitivity and to loeate it either in the miero-
phone or the electrical circuits. Such a check
is invaluable where a series of measurements
are Lo be taken over a long period, or where
several meters are to be intercompared.

This calibrator can also be used to make
acoustic checks on the Typr 1555-A Sound-
Survey Meter, which has a built-in micro-
phone, and to calibrate the Typrr 1550-A
Octave-Band Noise Analyvzer or the Typer
760-B Sound Analyzer when it is used di-
rectly with dynamie mierophone input or
directly with the Tyer 1551-P1 Condenser
Microphone System. It can also be used to
supply an acoustic reference level for magnetic
tape recorders, graphic level recorders, and
oscillographs provided the signal for these
instruments is supplied by one of the micro-
phones mentioned above.

DESCRIPTION: T'he calibrator consists of a
small, stabilized, and rugged loudspeaker,
mounted in an enclosure which [its over the
microphone of the Sound-Level Meter. The
enclosure is so designed that the speaker is
always located at the correct distance from
the microphone diaphragm. A standard 400-
evele voltage is required to operate the cali-
brator (see specifications below).

SPECIFICATIONS

Input: 2.0 volts, 400 eyeles: total harmoniecs must not
exceed 5%.

Output: When in position on the 9898-type mierophone
used on Typees 15351-A and 759-B Sound-Level Meters,
the ealibrator produces a sound pressure of 85 £1 db
(nhove a reference level of 0.0002 microbar) at the miero-
phone diaphragm for rated input as specified above.

Terminals: Input terminals are Tyre 9358-W Binding
Posts.

Accessories Required: 400-cvele curee, with output
control and voltmeter. The Tyre 1507-A Transistor

Oscillator, (a batterv-operated deviee that ineludes all
these elements) is recommended (see page 153). The
Tyre 1214-A Unit Oseillator (a-e operated, <ee page 164)
is also satisfactory. For use with this osecillator, which
includes an output control, the voltmeter ean be a
Weston, Model 301, 0-3 volt, rectifier type, a-c voltmeter,
2000 ohims per volt. A vacuum-tube voltmeter, such as
the Tyre 1803-A (page 184) can also be used.

Dimensions: (Length) 419 x (diameter) 215 inches,
over-all,

Net Weight: 12 ounces.

Tupe E Code Word Price
1552-A Ssund-Level Calibrator. . . .. R NATTY $45.00
1307 -A Transistor Oscillator. . .............. OMEGA Price on request

GENERAL RADIO COMPANY 15
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SOUND AND VIBRATION

TYPE 1550-A OCTAVE-BAND NOISE ANALYZER
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USES: The Octave-Band Noise Analyzer
makes possible the simple and rapid analysis
of noises having complex spectra. Operating
from the output of a sound-level meter
(page 9), it is more convenient than the
Sound Analyzer for those applications where
a knowledge of the individual frequency
components is not required, and, in addition,
is particularly suited for noise measurements
on aireralt, vehicles, and machinery, for
the analysis of office noise, where speech inter-
ference level is the sienificant factor and for
determination of the possible damaging elfeets
of noise on hearing. Another important ap-
plication is in determining the acoustical
characteristics of rooms. It is particularly
valuable in production testing and for noise-
level acceptance tests.

DESCRIPTION: The analyzer consists of a set
of band-pass filters with seleetion by means of
arotary switeh, followed by an attenuator and

an amplifier, which drives both an indicating
meter and a monitoring output,

The filter is isolated by a resistance pad,
which makes the filter characteristics inde-
pendent of the source, provided the source
impedance either is small compared to the
20.000-0hm analyzer impedance or is constant
over the audio-frequency range.

FEATURES: > Small, compact, lightweight.

> lixecellent attenuation characteristies.

> Monitoring  output is  provided.

> Meets AN standarvds.

> Operates from output of the Tyre 1551-A
or the Tyrr 759-B Sound-Level Meter as well
as other sound-level meters with outputs
adeqguately free from noise and distortion.

> Can be used directly with microphone for
high sound levels.

> Amplifier input jack permits amplifier to
be used alone.

> A-C power supply can be substituted for
batteries for laboratory use.

SPECIFICATIONS

Range: 20 cyeles to 10,000 eyeles in 8 bands,

20cto TH e (low pass) 600 ¢ to 1200 ¢

7oect1o 150 ¢ 1200 ¢ to 2400 ¢
150 ¢ to 300 ¢ 2400 ¢ to 4800 ¢
300 ¢ to GO0 ¢ 4800 ¢ to 10,000 (high pass)

In addition, o hand with a flat eharaeteristie from 20 ¢
to 10 ke is avuilable at two switeh positions for con-

venjence in ealibration against the sound-level meter.
Input Level: Between 1 and 10 volts for normal range.
Levels below one volt reduce the range of reading; those
higher than 10 volis overload the filters.

Input Impedance: 20,000 ohms. Input is isolated by a
resistance pad, so that performanee is independent of
sonree if source impedance is constant over audio range
or is small compared to 20,000 ohims,

16 GENERAL RADIO COMPANY
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Source: Round-level meter supplving analyzer input
mst have low hum, low internal noise, and low distor-
tion, The Type 1551-A or the Typer 750-B Sound-Level
Maoter is recomnmended,
Direct Use with Microphone: The Tyre 1551-P1
Condenser Microphone Syvstemn or the Typer T59-125
Dy tiamie Microphone Assembly can be used if the bhand
levels exceed 70 db (re 0,0002 ubari. A T'yry 1550-P1
Microphone Adaptor Plug is required with the Tyre
ToU-1"25 Dy namnie Microphone Asseibly.
Level Indication: Meter enlibrmted in decibels from
G o 10 db; attenuntor covers 30 db in 10 db steps.
Level is sum of moeter and attenuntor rendings.
Attenuation: lixeept for the lowest and highest bands,
at least 30-db attenuation is obtained xt one-half the
lower nominal eut-off frequeney and twice the upper
nominal cut-off frequency: at least 30-db attenuation is
obtained at one-fourth the lower nominal cut-off fre-
queney and at four times the upper nominal eat-off
fregueney, The 7a-evele low-pass flter has at least 30-dh
attenuation at 2000 ¢ and 50 db at 400 exeles. The 4500-
eyvele high-pass flter has at least 30-db attenuation at
2000 eyeles and 50 dh at 1200 eyveles.
Tubes: Three 1174 and one 1T4, all furnished,
Power Supply: Battery, Burgess GTAG0, Battery is
included in priece. For a-¢ operntion, Tyre 1261-A Power
T 1 pe

1550-A

1550-P1
1261-A

Octave-Band Noise Analyzer
Replacement Battery for above . . . . ..
Microphone Adaptor Plug. .
Power SUPPIY .o cins i s

NATTTY

SOUND AND VIBRATION

e .
FREUENCY 1M CTOLLS PO SKCOWD

SBupply (page 121) fits battery compartment,
Accessories Supplied: Shijclded cable and plug assem-
bly for connecting analyzer to sound-level meter,
Dimensions: (Width) 113§ x (height) 122 x (depth) 9
inches, over-all,
Net Weight: 27 pounds including battery.,
Coide Word Price
$535.00
5.79

4.00
128.00

\HEAM
ABEANMADEBAT
MATOR

TYPE 760-B SOUND ANALYZER
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USES: This instrument has been designed
particularly for analyzing the noises produced
by electrical and mechanical equipment, such

as airplane and automobile engines, indus-
trial machinery, and houschold appliances. 1t
operates from the output of the Sound-Level

GENERAL RADIO COMPANY 17
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SOUND AND VIBRATION

Meter and measures the amplitude of each
individual frequency component. or piteh, in
the noise. This information is valuable in
tracing and locating the sources of noise,

In the electrical laboratory, the Sound
Analyzer can be used as a harmonic analyzer
and as a selective bridge balance indicator,

DESCRIPTION: T'he cirveuit is that of a three-
stage degenerative seleetive amplifier having
a bandwidth that is a constant percentage of
the operating frequency, followed by a volt-
meter. The frequency to which the amplifier

15 tuned is indicated by a single dial and push-
button multiplier. The amplitude of the
selected component is indicated directly on
the meter scale.

FEATURES: > lixternal magnetic fields do not
allect readings.

> Constant-percentage bandwidth is an ad-
vantage for measurements on machines whose
speeds fluctuate.

> Dial can be rotated continuously in either
direction, so that the analyzer ean be adapted
for automatic recording.

SPECIFICATIONS

Frequency Range: I'rom 25 to 7500 eveles per zecond,
direet rending. T'his totul range is covered in five complete
turns of the tuning knob, the ranges on the various dial
rotations being 25 to 75, 75 to 250, 250 to 750, 750 to
2500, and 2300 to 7500 eyveles, A push-button switeh
allows immedinte change of the main control to any one
of thoese ranges.

Frequency Calibration Accuracy: + 1.5} of the fre-
quency to which the dial is set or -+ 1.5 eyeles per second,
whichever is the larger

Input Voltage Range: | millivolt to 10 volts for usable
indications, The wmeter senle is ealibrated for reading
directly component tones down to 19 of the sound pres-
sure (or voltage) of the fundamental or loudest compo-
nent. Henee the input voltage at the loudest component
or fundamental should be 0.1 volt or higher,

Input Impedance: Botween 20,000 and 30,000 ohms,
depending upon the setting of the sensitivity control, A
blocking eapacitor is in series with the input,
Frequency Response: l'lat within +2 db over the
entire range. At points where two ranges overlap. the
sensitivity is the same on either range, within =1 dh.
Band Width: Relative attenuntion is 3 db at 19 off the
peak to which the analyzer is tuned,

Direct Use with Microphone: The Tyre 1551-Pl
Condenser Miecrophone System or the Typr 759-P25

&

;.
]
]
[
¥
3

.
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S

Typical normalized response curve for the Tyre 760-B.
Type

Sound Analyzer...........

Set of Replacement Batteries for above. ... ....
| Microphone Adaptor Plug . ..

1550-P1
PATENT NOTICE.

Sce Note 14, page vi

Dynamie Microphone Assembly can be used i the
component levels exceed 70 db (re 0.0002 ghar), A Tyrw
1550-11 Microphone Adaptor Plug is required with the
dynnmie mierophone.

Temperature and Humidity Effects:
severe conditions of und
shifts in ealibration,
oceur

nder
Inidity slight
handwidth may

very
temperature
sensitivity, and

Meter: The indicating meter is enlibrated in two ranges.
For convenience in use the meter seale is ealibrated with
r. so that
anetunl meter seales are +2 to —30 db and 12 to —40
db. Auxiliary percentage ranges of 0 to 1209 and 0 to
21% are provided

Output: A jack is provided on the panel for plugzing in
a pair of head telephones, in order to listen 1o the actual
component of the sound to which the instrument iz tuned.
This is also useful when the analyzer is used as o bridge-
bulunee indicator

Tubes: Three 1L4=type and one | Ud=type are used, to-
gether with a neon pilot light (NE<1S), All are supplied.
Batteries: The required are four Burgess
No. 2FBP L.5-volt batteries, or the equivalent, and three
Burgess No. Z30NX 43-volt batteries, or the equivalent.
A battery compartment is provided in the case of the
analvzer. Batteries are supplied with instrument,
Accessories Supplied: A <hiclded cublesand-plug ussem-
bly for connecting the analyzer to the sound-level meter.

the 0 located 2 db below full seale on the me

batteries

Case: Shiclded carrving case of airplane-luggage con-
struction,

Dimensions: (Length) 18 x (width) 10 x (height) 1155
inches, over-all

Net Weight: 3614 pounds, with batteries,

A heterodyne type of analyzer, Tyre
736-A, with constant bandwidth in
eveles, is deseribed on page 176.

Price

Code Waord

...... ATTAR $520.00
...... . ATTARADBAT 12.02
...... J MATOR ; 4.00

HANDBOOK OF NOISE MEASUREMENT

The Handbook of Noise Measurement is a
manual recently published by General Radio
Company covering thoroughly the measure-
ment of noise and other airborne sounds.
Authors are Dr. A. P. (i, Peterson of the Gen-
cral Radio Engincering Stafl and Dr. Leo L.

18 GENERAL RADIO

Beranek, Director of the Acoustic Laboratory
at Massachusetts Institute of Technology.

(ll);’il‘.\‘ of this handbook are available from
the General Radio Company at a price of
£1.00 each, postpaid, in the United States
and Canada.
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SOUND AND VIBRATION

TYPE 761-A VIBRATION METER

USES: Vibrations in machines and structures
can be measured quickly and easily with this
imstrament. For the manufacturer of machin-
ery and equipment, the Typre 761-A Vibration
Meter is extremely useful in research, design,
and production testing, Maintenance engi-
neers will find it usetul for checking the oper-
ating condition of bearings, gear trains, and
other mechanisms, Excessive vibrations due
to improper adjustment or (o structural
resonances can be located and measured,

Its excellent low-frequency response per-
mits the study of the operation ol belt drives
and of the elfectiveness of mountings designed
to reduce vibrations in adjacent structures.

A frequency analysis of  the measured
vibration can be made with the Typr 762-B
Vibration Analyzer (page 21).

DESCRIPTION: The Tyrr 761-A Vibration
Meter consists  essentially of a  vibration
pickup, adjustable attenuator, an amplifier,
and a direct-reading indicating meter. The
pickup is of the inertia-operated erystal type,

which delivers a voltage proportional to the
acecleration of the vibratory motion. An
integrating network converts this output,
when desired, to a voltage proportional to
velocity or to displacement. The type of
response is scleeted by push-button switches,
The basic units in which the instrument is
alibrated are inches and sceonds, and eali-
brations are in root-mean-square values.

FEATURES: > DPortable and self-contained.

> Simple 1o operate.

> Direct reading,

> Reads three response characteristies, aceel-
eration, velocity, and displacement.

> Low-Trequeney response down to 2 eyeles
per second (120 per minute).

> Independent output system for panel meter
and outpul terminals,

> Semi-logarithmic meter seale permits wide
range of measurement with a single multiplier
setting,

> Particularly well adapted to the measure-
ment of machinery vibrations.

GENERAL RADIO COMPANY 19
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SOUND AND VIBRATION

SPECIFICATIONS

RANGES: The vibration meter is direet-reading in the units shown in the range table below.

Vibration

Quantity Range

Displacement 16 micro-inches to 30 inches, rms.

Velocity 160 micro-inches per second to 300 inches per second, rms.

Acceleration 0.160 ineh per seeond per seeond to 3900 inches per second per second, rms,

RESPONSE CHARACTERISTICS: The response follows theoretical eurves of the gquantity

vs, frequeney within the following tolerances.

tmenstired,

Quantity Rang Toleranci Fregueney Rauge
Acceleration 0.160 in. sec/ see to 3900 in./ see/see +=10% 1 to 300 eps Down 259 at 2 ¢ps
Velocity 1600 pin, see to 300 in./sec 109 3 to 300 eps Down 409 ar 2 eps
Velocity Below 16060 uin. sec +15% 20 to 300 epy Down 25 at 10 eps
Displacement 160 gin, to 30 in, £ 109% 10 to 500 eps Down S0% at 2 eps
Displacement Below 160 gin, +15% 20 1o H00 eps Down 259, at 10 eps

Above 500 eps the error increascs and may reach =307 at 1000 eps. This is caused by the differences in response of individual piekups
near resonunee,

Pickup Unit: [Inertin-operated, Rochelle-salt-erystal
type, Non-linearity oceurs at 10 g or 3900 inches per
second per second. Point and ball tips and an S-inch
extension rod are supplied.

Meter: Seule reads directly in the quantity being meas-
ured
root-mean=suare micro-inches per second for veloeity,
and root=-mean=sguare inches per second per second for

root-tean-square miero-inches for displacement,

aceeleration,

Attenuators: A 10-step attenuntor chaneges the meter
seale ealibration over o range of 30,000 to 1. Additional
multipliers indieate the correct units of measurcment and
multiplying factors for ench response characteristic,
Calibration: Conneetion to any a-c¢ power line makes it
possible to check the over-ull ealibration exeluding
pickup.

Terminals: A jack is provided on the panel for plugging

Measurement of antomobile-engine vibration with the

Tyre 761-A Vibration Meter.

Tupe
761-A
761-P1

Vibration Meter. . .

20 GENERAL

Replacement Pickup.......
Replacement Battery for above. ... .. i a5

in a pair of head telephones in order to listen to the vibra-
tions being moeazured, for connecting the Tyre T62-B
Vibration Analyvzer, or for conneeting a eathode-ray
oscillograph.

Tubes: One CK333AX, two IN3-GT tubes and
1DS-GT tube are required. A complete set of tubes is
supplied.

Battery: A single seli-contnined unit, BA4S,
Burgess 6TAGD, which supplies the necessary plate and
filament voltages, is included.

Accessories Supplied: DPower for ealibration
cheek, spare pilot lamp, and plug for output jack.

Case: Shielded earrying ease of airplanc-luggage con-

one

battery

pable

struction,

Dimensions: (Height) 124 inches x (length) 1313
inches x (width) 9% inches,

Net Weight: 2231 pounds with hattery; 1714 pounds

without hattery,

L
[
b
o
1
-]

FREQUENCY IN CYCLES PER SECOND

-all frequency characteristies of the Type T61-A

ion Meter.

Cade Word Price
$490.00
40.00

1 5.79

VIRUS
NOSEY
VIRUSADBAT

RADIO COMPANY
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SOUND AND VIBRATION

FREGUENGY NAseL

TYPE 762-B VIBRATION ANALYZER

USES: The Tyer 762-B Vibration Analvzer
makes possible the analysis of vibration phe-
nomena having fundamental frequencies as
low as 2.5 exveles per second. It is intended
primarily for use with the Tyrr 761-A Vibra-
tion Meter but can also be used for general
harmonic analysis of very-low-frequency volt-
ages in the laboratory.

Its range includes practically all frequencies
normally encountered in vibration studies,
from the fundamental vibrations of ships and
other Tlarge structures to the unbalance
vibrations of high=speed centrifuges.

DESCRIPTION: The analyzer is similar in all
essential characteristies of performance, con-
struction, operation, and appearance to the
Tyre 760-B Sound Analyzer (page 17) except
that the frequency has been lowered by a
factor of 10, the output meter has a single
logarithmic range, and provision has been
made for operation with broad selectivity if
desired. The latter arrangement is particu-
larly useful in identifying components in the
two lowest frequency ranges (2.5 1o 25 eyveles
per seeond) and in making analyses involving
components that vary slightly about a meun
frequency.

SPECIFICATIONS

Frequency Range: 2.5 to 750 cyeles, covered in five
ranges as follows: 2.5 to 7.5, 7.5 to 25, 25 to 75, 75 to 250,
250 1o 750.

Band Width: For the sharp selectivity position, the rela-
tive attenuation is approximately 307, (3 db) at a fre-
queney differing by 195 from that to which the analyzer
is tuned. For the broad selectivity position, the attenua-
tion is at least 309 for a frequency difference of 5%. At
one octave from the peak, the relative attenuations are
at least 9895 (35 dh) and D095 (20 db), respeetively.
Frequency Calibration: Sharp selectivity network,
1159 or 4115 eyveles, whichever is the larger, over the
three highest ranges (25 to 750 cycles); on the two lower

IFor other specifications see

T'ype

ranges (2.5 to 25 eyveles), the accuracy is +5% or +0.2
evele, whichever ix the larger. The frequency as deter-
minedd with the broad selectivity network deviates on
the average by less than =297 from that determined with
the sharp selectivity network.

Frequency Response: The response of the sharp selec-
tivity network is flat within =2 db over the entire range,
At points where two ranges overlup, the sensitivity is
the same on either range within ==1 db. The sensitivity
of the broad selectivity network is the same as that of
the sharp seleetivity network within 2 db.

Net Weight: 314 pounds, with batteries; 2714 pounds,
without buatteries.

Tyre 760-3, page 18,

Code Word Price

 762-B

PATENT NOTICE, See Note 14, page vi.

' |Tlibration ARBIVTCE 15 v v e i s

AWARD ' $§65.00
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VARIAC® AUTOTRANSFORMERS

The VARTIAC® autotransformer gives
smooth, continnous manual control of a-e¢
voltage from zero to 179 above input line
voltage. Available in single units and com-
binations in ratings from 170 va to 25 kva,
these units are used for controlling voltage,
heat, light, motor speed, and other voltage-
sensitive (uantities.

USES: The VARIAC® adjustable autotrans-

former finds applications in the shop and lab-

oratory wherever a-¢ voltage must be adjusted

smoothly and continuously. A few of its uses

are:

> A-C voltage control in testing and develop-

ment work.

> Control of electrie heaters and ovens in the

laboratory and pilot plant.

> Overvoltage and undervoltage tests.

> Output  voltage control in transformer-

rectifier power supplies.

> Voltage control on aging racks for lamps,

vacuum-tubes, and dry-dise rectifiers.

> [Hlumination control in auditoriums, thea-

tres, photographie studios and darkrooms.

> Motor speed control.

> Voltage control in the calibration of volt-

meters and ammeters,

> Phase-angle controls in the calibration of

watt-meters and power-factor meters.
Although VARIACS are built for 115- and

230-volt cireuits, they can be used on circuits

of higher or lower voltage in conjunction with

fixed-ratio auxiliary transformers. Ganged

units are available for parallel, series, and

polyphase connections (see pages 30 and 31).

DESCRIPTION: The VARIAC is a continuously
variable autotransformer supplying an output

TERMINAL PLATE

Terminal plate of high-im-
pact-strength  molded phen-
olic has buarriers  between
terminals to prevent acei-
dental short circuits.

CIRCUIT

Cirenit  diagram  printed on
terminal plate assists in mak-
ing proper connections.

TERMINALS
Terminals are combination
screw und solder type.

BRUSH

General Radio unit brush, de-
signed for constant contaet
pressure. Brush holder cannot
touch winding if brush is
damaged — prevents  burn-
outs. Brush is easily and
quickly replaced if necessary

voltage from zero to 179, above line voltage.
It consists of a single-laver winding on a
toroidal iron core. As the dial is rotated a
warbon brush contact traverses the winding,
“tapping off" a portion of the total voltage
across the winding. The brush is always in
contact with the winding, and the voltage
between turns is always less than 1 volt, even
in the largest models, while in the smallest
maodel it is only about 0.3 volt. The voltage
increments obtained as the dial is turned are
always less than the voltage between turns:
since the brush spans more than one turn, the
change in voltage is practically continuous.
The brush characteristics are so chosen that
excessive heating does not oceur in the turns
bridged by the brush.

FEATURES: In addition to the electrical and
mechanical features shown in the photograph
below,

> The VARIAC has the advantages of high
efficiency, smooth control, good voltage regu-
lation, and small size.

> Output voltage is essentially independent
of load and the VARIAC 1s equally effective
on any load within its rated capacity.

> Voltage varies linearly with dial rotation.
> VARIACS also furnish output voltages
above line voltage, making it possible to com-
pensate for undervoltage lines.

> Bearings are adequate for many motor-
drive applications.

> lixtra terminals for mid-winding taps on
V-models facilitate the use of auxiliary trans-
formers. On 230-volt models, tap for 115-volt
input is provided.

> Durable black finish — wear and abrasion
resistant.

KNOB
Large, fluted, positive-grip
knob.

DIAL

Dial indicates output voltage
in large numerals, easily read
from a distance.

DURATRAK

Duratrak coating prevents
brush-track deterioration on
overloads, lengthens life.

CORE

Strip-wound core of high-
grade silicon steel.

WINDING

Smooth, uniform winding,
banked on inside of toroid,
single layer on outside.

WEIGHT
Aluminnm  structural  parts
minimize weight.

22 GENERAL RADIO COMPANY
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DURATRAK

All V-model Variaes have brush  fracks
treated by the DuraTrak process, which puts
a coating of silver :t]]n_\' on the brush-track
surface. This s the most important advance in
rrm‘u.’,-'vrns“,"‘m':.'u,1‘ HHlHr'l'l'rH‘u'HI“r stnee H !N'{!/:'IHH'
variable  autolransformer was  developed by
General Radio in 19335,

With the carbon-to-copper contact formerly
used, oxidation of the copper can occur under
the brush as a result of the high temperature
at that point. The }ligh resistance of the oxide

GENERAL SP

Frequency: Specifieations a
I"or 25-cvelo sorvice see 1 S,
Rated Current: Cun he dreawn from the VARTAC at any
diad position. When the overvoltage

for S0-to<b0-cvele service.

tonMeLIon is ||--rl|.

the Towd should not tuke more than rated current at panxi-

tn oulpu
Maximum Current can be deawn at the input line

voltage when the line=voltage

VOltage

ONNeeTion i se

VARIAC will eontrol at any dower setting o lond drawing

no more than maximum carvent at lin

voltagre
Qutput Voltage i1+ the range of voltage available at the
output teriinals with rated input voltage,

Terminals (see also Mounting below): T'yvee 200-18 is
furnished with threaded terminal studs and =oldering

lugs, Tyeres V-2, V-5, V-10

d V20 have canbaned

nn
soldering il serew-tvpe terminuls 'y, 30 mendels
have s wking terminals, and provision for attaching

armored eable or conduit.

“Line-Voltage'' and ‘‘Overvoltage’’ Output Con-
nections: LINLE-VOLTAGE connection refers to the
connection for output voltage range of zeroto line voltnge
OV ER-VOLTAGE vonnection is the connection for out-
pul voltuge range from zero 1o 17% above line voltage
All standard “*—MT" maodels wre shipped with ower-
.-"',:f). caonnechon

Dial: A
the overvoltage con

models, except the Ty

iy N ves]t
2 In oulputl voltage lor

".‘t on all V"

y | .
V-2, One side 1= used for table

versible dial, readic

mounting with rotating dial, the other for panel toant-
ing, with lixed dial and ¢
supplied on specinl order murked for maxiowm voltage
equal 10 line voltng
not to be used, The total angle of rotation is

ating pointer. Dials enn he

i the oversvoltage connection s

207,

o ¢

Ment temperatures above 50 deg. C. the VARIAC

should be derated according to this curve.

S0 &0
22 140 58
AMBIENT TEMPERATURE

VARIACS

lilm leads to a cumulative evele of more heat,
additional oxidation, and higher resistance.
until, particularly under overloads, complete
deterioration of the brush track can oceur.

Durarrak completely eliminates this de-
teroration. Variacs with Durarrag are as
durable as fixed-ratio autotranstormers; that
is, their ratings are determined solely by the
insulation.  Variaes with Dunrarnak  have
longer life, increa<ed overload capacity, and
|ft'('l‘1';l~('|| Hl.‘lilill'“illll‘!‘,

ECIFICATIONS

The Tyees V-2, 50-A, 50-B, and 200-B are supplied
with reversible dial plates, one side of whieh is muarked
for the overvoltage connection snd one side for maxinmum
voltage equil Lo line voltage,

KVA Rating is the marimum ecurvent multiplied
| A VARIAC ean handle, ar ax

wid that draws at

¢ y
normel anpal (tne volley,

!
than the marimum

inpt voltage a
chrrent.
Temperature Rise: T'he ratings of VARTACS are based
on operation at ordinary room tomperatures with an
average temperature rise of not more than H0% Centigrade.
When ambient temperature exceeds 50° Clentigrade, kva
rntings should be deerensed as shown below

No-Load Loss is moensured ut 60 exveles with rated input

voltage. Losses are guarantecd not to exceed the values

in the specification
Driving Torque is the torgue required to turn the
VARIAC shaft.

Panel Thickness is the mnximum thickness of panel on
which the VARIAC ecan be mounted, with the shaft
nornadly .‘-HII['!N‘V!.

Mounting: See photographs on pages 24 to 28 Tyes
200-8 and Tyer V-2 are supplied without case, for panel
mounting. Tyeres V-5, V=10 wl V20 enn be ordered
h or without case (the M-models b

A termingd box cover, vord, and plug are provided on

given

either v Ve CUses ),
the MT-models. On special order, they can also be sup-
plicd without ease, but with terminal bhox and line cord.
Dimensions: Over-all dimensions are given on the
drawings, pages 24 1o 28, Complete dimensionul sketches
and drilling templates ean be furnished on vequest.

Net Weight: See tablos on page 20,

For use when high initial surge eurrent m e expected

(tmotor starting, ineandescent lamp load, ete.) and for
short-time overloads, the VARIAC rated current may
be execeded on a time-ourrent basis ns shown in this
figure. This eurve applies to Duratrak Varines ONLY.

% of NORMAL RATING

TIME IN MINUTES

GENERAL RADIO COMPANY 23
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VARIACS

TYPE V-2 VARIAC®
WITH DURATRAK

A completely new unit, small,
rugeged, and  well-designed, in-
tended for back-of-panel mount-
ing. Ideal for laboratory heaters,
speed controls on small series
motors, voltage control in clee-
tronie equipment and in X-ray,
diagnostic and therapeutie in-
struments.

- =5 :-." MAX PANEL
3 P AYROY .“ _._‘3__4 ,_ J{/. _
SEE WSTRUCH MSA i /'j)».:f:":e'é”
// UNCER BRAUSH ; \ r‘ Ve OFEP
L. SRy 2 2 YN | [, ! e
- y e 3 -‘ﬂf _‘3_ | l ‘N’
I'ver V-2 —812.50 J ([ 1Ny I A 0yt SraE 0\ |
off _—(mEsier ([ @)l 3
o , e 5 — / .,v' 1= N 1
I'vee V-2 Varac supersedes the Typre { y, e || [ S il 1
200-B, has twice the power rmting for the T i, S o FYE.___ =
. » . R P < n SCRE 2ors > :
same price, fits the same mounting holes, will D Aot -?pﬁﬁf'“-’f oy hets & Qi oy f =t
. . . ENBUNG { .
withstand shock and vibration tests (NMI11- B ADRD e e T\ wan
T-045-A SCREWS REQUIRE ALLEN 9 O pus pmone
=O045-\) WRENCN M2 ACROSS FLATS el
Outpul Current
T ,u,u/.’ Valts Output Volts Rated Maz, Loaid Il'(l,l.lly
V-2 115 \ 0-115 ' 2a 3a 345 kva
0-135 ’ 2u 24
For price, eode word, and complete spocifientions, sve page 29,
TYPE 200-B VARIACT
The familiar Tyre 200-B Variac is still behind panel is the Ln\-umn" factor. \Imnu
available for those applications where depth than the Tyre V-2 by about ig inch, it is
rated at 0.17 KVA.
Qutput Current
Tupe Trput Volts Output Volts Ratud Maz. Load Ruating
200-8B 113 0-115 1 ’ 1.5a 0.7 kv
(=135 In 1a
For prive, code word, and cotaplete specifientions, see pago 29,

JJ)
. *Overvaoltage connection for G0-cvele use only, At 350
eyeles, only the line-voltuge connection ean be used.

NOLES, 120° 2PART, '/9~.v TAR J/8 ODEEP
CLEARANGE WOLE ®5s 204)08itL

\ =2 —
s |
s .‘ﬁ 7\ N s
Y (“’"‘)‘ \ -2
‘é / s,.é,‘:‘,-,,\:.»\( B
o -l pe(®)
| A ONA 1
Y@y

Tyre 200-B--£12.50 MEXIMUM PENEL TWICKNESS I1/4
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VARIACS

TYPE V-5 VARIAC?
WITH DURATRAK

Popular 5-ampere model (230-volt model, 2
amperes) widely used in laboratories and as
a built-<in element in eleetrieal and electronie
equipment — now a better value than ever
betore, with the exclusive DuraTiag-treated
contact surface. Available in several models
as listed below. All models are ecasily con-
verted from table 1o panel mounting.

V-3MT for 115-volt
input 825.00
V-5 M T for 230-valt
input §27.50

e woe wenong
— s o N et

\ |
) S APROR
Vit P
(URE AN g

VoM far 115-volt
gt S

V-3HM for 230-volt
mput — 23,00

V-3 for 115-volt

inpt SIS.H0

' = o " < AT WAy
\ .-.nll for _:.{IL\UIL S ol e soks
input $21.00

Outpul Current

Tupe Input Volts Qutput Volls ated Max. Load Rating
V-5 ‘ , ‘
V-5M 115 0-115 i 701 0.56 kva
V-5MT | L0-135 i Ha
V-5H
V-5HM 20 (- 2:30) 2 2i6a ‘ 0.6 kv
V-5HMT) L0-270 M 2n
V-5H |
V-5HM 115 0-270 | In la
V-5HMT|

For prices, code words, and complete specificntions, soe page 24,

TYPE V-5 VARIACS WITH SPECIAL-PURPOSE TERMINAL BOXES

Tyre V-5 VARIACS can be supplied with
special-purpose terminal boxes. The box di-
mensions are 27€ x 375 inches x 2 inches deep.

Tyre V-2MT'C with standard 24-inch holes
for BX or conduit. The removable cover
wllows connections to be made without dis-
assembly of the VARIAC or the box.

Tyre V-5MTIEF which is supplied with a
new type 3-prong output receptacle, line-
cord with heavy-duty 3-prong plug, and a
2-pole switeh. Fuses are provided for both
line and output.

Tyer V-5MTC

Trpn Code “'nrd* "’ri‘v' .
V-5MTC COAST $24.00
V-5MTF CANAL 36.00 Tyre V-5MTF
GENERAL RADIO COMPANY 25
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VARIACS

TYPE V-10 VARIAC?®
WITH DURATRAK

e

|
|
Se— | [8%
3% o
==
-
L

3

I-'*::l;;‘,i' n 'k'T‘"

Ty Input Volts Output Volts
v-10 =
v-10M 115 ,:: }'{
V-10MT | \

|
V-10H ‘ .
V-10HM | 230 o
V-10HMT -

|
V-10H
V-10HM 115 0-270
V-10HMT

For prices, code words, and eamplete specifieations, soe page

29.

The rating of the Typre V-10 series of
Variaes (10 amperes rated current and 13
amperes, maximum, for 115-volt service)
approaches the capacity of commonly
used outlets, cords, plugs, and No. 14
wire cirenits, Available in severnl models,
the Tyer V-10 has all the features of the
Tyre V-5, including the new Dunrarrax
construetion.

The Tyrr V-10M Variac is listed under
the Re-examination Service of the Under-
writers Laboratories for general-purpose
industrial control and for dimmer service.

V-10MT for 115-volt
input £40.00

V10U MT for 230-volt
input — 841,00

V-10M for
input
V=101 M for 230-volt

115-volt
£35.50

- o

V=10 for 115-volt

input [H6.50

input — £33.00
V-10H for 230-volt
input R34.00
Outpul Current
Rated Mazx. Load Ruating
10a 13a 1.5 kva
10a 10a
Aa 3.2a 1.2 kva
40 4a
2a 2a

TYPE V-10 VARIACS WITH SPECIAL-PURPOSE TERMINAL BOXES

Tyere V-10MTC

Tyre V-10MTF

Tyre V-10 VARIACS can be supplied with
special-purpose terminal boxes. The box di-
mensions are 274 x 325 inches x 2 inches deep.

Tyre V-10MTC with standard ?4-inch
holes for BX or conduit. The removable cover
allows connections to be made without dis-
assembly of the VARTAC or the box.

Typr V-10MTFEF which is supplied with a
new type 3-prong output receptacle, line-
cord with heavy-duty 3-prong plug, and a
2-pole switeh. Fuses are provided for both
line and output.

Tupe Code Word Prici
V-10MTC HERON £39.00
V-10MTF CANDY 51.00

26 GENERAL RADIO COMPANY
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VARIACS

TYPE V-20 VARIAC®
WITH DURATRAK

Largest of the V-models, the
Typrr V-20, with its load rating
pm— N 3 of 3 KVA, is capable of handling
L L process heaters, motors up to 3
— . , horsepower, and similar loads. It
: is used as a master control in
dimming circuits for stage light-
ing and as a voltage control on
induction- and dielectric-heating
equipment.

Tyre V20-M for 115-volt
input — $55.00
Tyee V-20-HM for 230-volt
input — 8$55.00

Tyrr V=20 for 115-volt
input — $49.00
Tyre V-20H for 230-volt
input — $49.00

Oulput Current

Tupe Input Volts l)_ul,ml Voits Rated Mar. Load Rating
v-20 153 0-115 20n 26 3 kva
V-20M Y 10-135 20a 20a
V-20H | 230 [0~230 Sa 1044 2.5 kvu
V-20HM | . | 0-270 Sa Sa |
V-20H ~ a5 y
V-20HM 115 0-270 4a 40 ‘

For prices, eade words and eomplete specificntions see page 29,

TYPE 7] A VAR'AC® TRANSFORMER

simple, rugged, attractive, and easily mounted
for either laboratory or built-in use. A seven-
foot power cord is permanently attached, and
the low-voltage output is available at binding
posts on standard 34-inch spacing.

The output has no direet connection with
the input power line, and is adjustable from
zero to 13 volts at 5 amperes.

Input: 115 volts, G0 eycles.
Output Current: 5 amps maximum.
Qutput Voltage: 0-16 volts open cireuit,
0-13 volts at 5 amps.
No Load Loss: Less than 5 watts,
Dimensions: (Length) 514 x (width) 325 x (height) 34
inches, over-all.

Net Weight: 1 pounds.

The Typr 71-A Variac Transformer is a — _7wre _ CoprWen  Toww
step-down transformer with secondary volt- 71-A | Variac \ ‘
age adjustable by a sliding brush. Case is | Transformer | rorry | $22.00
GENERAL RADIO COMPANY 27
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VARIACS

TYPE 5 0 VARIAC® The Tyre 50, with a load

rating of 5 kva for 115-volt
p—— service and 7 kva for 230-
' volt service is the largest of
the Variaes. Singly and in
gangs (see page 30), it
handles  heavy lighting.
heating, and power cirenits
with ample capacity for
.2 temporary overloads. Both
models are supplied with
protective cases. Dial plates
are reversible and are
marked on one side for
OVERVOLTAGI connee-
tion; on the other side for
LINE-VOLTAGI connec-

tion,
l:‘.n 4 HOLES 17/32"DRILL /
~ /
237 / . 3
I3 , =
$3 & 3
X, ~ Q
Y ) ¥
t‘:$ 3 FEy. o
Typer H50-A for 115-volt e /i &
input S1A0.00 % &
x I =
Tyrr 50-13 for 230-volt v ]._ PYS e
input — $140.00 i 1 -3
Outpet Crrrent-Amperes K14
Tarmm Truput Valts Cutput Volts Rated Max. Load Rating
= =115 10 40 5.2
e e 0-135 40 10
50-8 230 (1-230 \ 20 31 w0
1 0=270 20 20
50-B 115 0-230 10 10

PATENT NOTICE, See Note WL puge vi,

VARIACS FOR 25-CYCLE SERVICE

H-Type VARTACS, designed for G0-cyele serviee, can be used on 25-cycele supply at one=half
their 60-cyele voltage and load ratings.

Line Voltage Connection Overvoltage Connection

tated Toput Rated Output PA o e et f
Type Valts Amperes  Ourput Voltage Max. Output KV } #t Max Output Volinge l"IAH ll()lllﬁ'li-
{ranys Atupares (:m;-ul sz Current in
y ~ Voltage ’ Amperes
V-5H
V-5HM 115 2 0-115 2.6 3 0-135 2
V-5HMT
V-10H
V-10HM 115 4 0-115 a2 N 0-135 4
V-10HMT
V-20HM 15 w S 0-115 10,4 1.2 0-135 S

50-B 115 [ 20 0-115 3 3.5 0-135 20

FFar prices, code wards, and other specifieations see page 29,

When ordering, please specify that VARIAC is for 25-eyele serviee, in order that proper dial may be furnished.
28 GENERAL RADIO COMPANY
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SPECIFICATIONS

VARIACS

ouTPUT
é Line-Voltage Overvoltage |,
- . . - . ps b
v = = Connection (Note D) Connection é 3
=3 g2 |— - g
= % = = — = o [~} =
8 e s | = @ z2o = 3, £
£ e e -8 S + - = o —_
SEER | 2|2 | & |t=glsss| B |2 |3 zZ, z
5253 |2, £ |€22]20% £ |8 & 55 =
E273 | 2(88| 2 |[gES|Ez2| S |5 2 | 2 | %
“od4 EI1C8| 7T |EEgZz:| = [CE2B|eE w5 3
: - B - el ] =~ === . . .
CX- o = |zl 28 |[EC8|2& & 2% |gEel=2| £ ¢ = Code | Price
Type gz 5§ ; 2= = s |E=E|S :3-'; =8 |laSeIY"| &8 3 Word |(Note E)
£Z % S22z 82 (222|825 82 |2=%4|2=| &8 7
200-8 Uncased, with | ;5 | 4 | o-115 0.17 | 0-135 1 3| 1020 | 236 | sawsa | $ 12.50
lcruu[uj strip o Ay i
V-2 :;’r’:ﬁff;} s‘l"r‘i‘:)‘ 115 | 2| 0-115 0.345| 0-135 | 2 |35 1530 | 3% | meavy| 1250
V-5 Zobised «‘1‘:.[‘ ns | &/ 0-115 056 | 0-135 | 5 | 9| 1580 | 634 | cosna | 18.50
V-5M Withcaseand | |\ o | 4q5 056 |0-135 | 5 | 9| 13380 | 7 |[comar | 20.50
terminal strip 3 B
With case, ter- . %
V-5MT minalbox,cord,| 115 5 See Note (7 0-135 5 0 15-30 7% | coraLn 25.00
. p!u;:, switeh e o el e o
Uncased, with | 230 | 2 2 i : 0-270 2 £ 5 "
= Y -3 2. 60 4 « 51 14 D ;
V-5H torminal strip | 115 | 1 L, 30 6 | 0.6 o270 | 1 _, ' 15-30 | 6% |cowea | 21.00
With case and | 230 2 20 | A\ B 0-270 2 T :
- 3 . 0-230 2.6 | 0.60 4 ¢ 5-3( 4 “CMIN i
V=3HM terminal strip | 115 Al ;7 i ; _l)_-__’_:(l k,l ) _) ) 15 “_ _bi ““"'\ 23.00
With case, ter-
V-5HMT minalbox,cord,| 230 2 See Note O 0-270 2 a9 15-30 735 | curn 27.50
plug, switch L o
v-10 tle::.::fxbﬂ-,‘z\:: 115 0-115 1.5 ’ 0-135 | 10 |17 | 3060 | 1117 | nazen | 33.00
V-10M l‘:'f.'l'l‘h':f‘:‘“r'i‘l‘)' 15 0-115 L3 | 0135 | 10 |17 | 3060 | 1S weavy| 3550
B AINOLBWN. \ i
With case, ter-
V-10MT | minalbox.cord,| 115 | 10 See Note (¢ 0-135 10 | 17| 30-60 1214 | nenor 40.00
plug, swit(:h_ L. L
Uncased, with{ 230 | 4 s | s | 0=2370 4 - e 5 o
\.’-'.o“ terminal su‘ih» 115 2 e | b l 0270 2 17 50-64 107% | amxNy 34.00
With ease and | 230 4 T T & 0-270 4 . STl y
V-I0HM | il strin | 115 | 2 | 0280 | 52 | 1.2 sz | p | 17| 30-60 |11 fuwosry | 36.50
With case, ter-
V=10HMT | minulbox,cord,| 230 | 4 sSee Note ( (=270 4 17 30-60 1Yy | nonny 41.00
plug, switeh - ) |
V-20 Uhcased, with | 4,5 0-115 |30 [ 0-135 | 20 |27 [ 55110 |22 lsexio | 49.00
terminal strip | acl -1}
V-20M ::Ift"ll'i:::'l"“;,‘(‘":' 115 0-115 3.0 \ 0135 | 20 | 27 | 55-110 | 229 [snwen | 55.00
Uneased, with | 230 | 8 | i = | 0270 | 8 = s - ‘

! 3 e = 230 2 2. = 3 by Y JOLLY A
V0N | o minal sieip | 115 | 4 | 0250 | 104 | 34 ‘ Oz | 4 | 27| 9510 |21 Jeuy | 49.00
With ease and | 230 > 5 0270 > e e ' "

V-20HM | (orrinal box | 115 | 4 | @230 \ 104 | 24 | 5750 | 4 [ 27| 310|208 Lamwy | 5500
50-A ::‘r':ll"‘;f:l"‘;)“')’:l 115 | 40 y 0-115 5 0-135 | 40 | 60 | 250-500 | 3 roxEN | 140.00

73 With case and | 230 | 20 | = 0-270 | 20 N IR T e T
50-B hiSuiibren o Bod o ) 0-230 J\ | homn | o | T 230500 | ST |torz | 140.00
PATENT NOTICE. Sece Note 8, page vi. o

NOTES
A, Maximum current ean be drawn at max. voltage for the line-v oltm..e connection only. Max. output voltage = line

input voltage. KVA as listed = normal input line voltage X maximum eurrent,

B. Rated current should not be exceeded for the overvoltage connection,

= output voltage X rated current.
-MT models are shipped with overvoltage connections, but can be supplied with line-voltage conneetions on order.

C
D. All models are shipped with overvoltage dials unless line-voltage dials are specified in order.
I

Ourput kva for overvoliage connection

. Vuriaes can be supplied on special order less knob, dial, case, ete., at lower net prices.

GENERAL RADIO COMPANY
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VARIACS

GANGED VARIAC” ASSEMBLIES
(FOR PARALLEL, SERIES, AND THREE-PHASE OPERATION)

Two- and three-gang VARIAC assemblies are In polvphase eireuits a large variety of input and
available for controlling several eireuits from a single output voltage combinations is possible. The wye
dial, or for controlling 3-phase cihvenits in the sume and open-delta connections listed are most frequently
manner that one VARIAC controls a single-phase used.

cirenit.

PARALLEL COMBINATIONS

The larger-size VARTACS (V=20 and Tyre 350)
ean be operated in parallel if o Tyre 50-P1 Choke is
used to limit cireulating current, as shown in ¢ireuit
(a) at left, Load rating of two identical VARIACS
in parallel is twice that of o single VARIAC, Purallel
operation is not usually recommended for smaller
VARTACS, beeause the use of the next larger size
VARIAC 15 more ceonomienl, Where o load rating in
excess of two T'yee 50 units is needed, @ third unit
can be added by using a Tyee 30-P2 Choke, as
shown in eirenit (h).

THREE-PHASE COMBINATIONS

Three-gang VARTACS ¢an be operated in a wye
on three-phase civeuits, and two-gang units in
an open delta.

With the wve connection, 115-volt VARIACS
can be used on 230-volt lines, and 230-volt units
on J60-volt lines. Load rating for a three-gang wye
is about 3.5 times the rating of a smgle VARITAC,

The open delta connection makes it necessarv to
de-rate the VARITACS slightly. The load rating of
i two-gang open delta is 1.732 times that of a
Open-delta eireni Wye-conneeted eivenit, single VARIAC,

SERIES OPERATION

The series connection is useful in operating 115-
volt. units on 230-volt lines and 230-volt units on
460-volt lines, This eireuit cannot bhe used, however,
when a common conncetion is required hetween
line and load, uas, for instance, when the load is
rounded.

Iype 50-1 Choke

VARIAC ASSEMBLIES

Nt Weight

Tupe Deseription i Pounls Code Ward Price=
V-5G2 2-CGang V-5 1l CONRAGANDTT $ 49.00
V-5G3 3-Ganges V-5 244 COBBAGANTY 68.50 |
V-5HG2 2-Ciangez V-511 1 CULPAGANDU 54,00 ‘
V-5HG3 3-Cange V511 22 CULPAGANTY 76.00 |
V-10G2 24 V=10 ar HAZELGANDU | 79.00
V-10G3 3-Ciang V-1 a7ls HAZLELGANTY 113.00
V-10HG2 S-Ciang V-1011 2f NINNYGANDY 81.00
V-10HG3 3-Ciange V-1011 306y HINNYGANTY | 116.00
V-20G2 Db V=20 Inls JEWELGANDT 126.00
V-20G3 3-Ciang V=20 it 5 JEWELGANTY 182.00
V-20HG2 Y-Ciang V-20H 115 JIMMYGANDT 126.00
V-20HG2 F-Grany 6N JTMMYGANTY 182.00
50-AG2 2-(lang =0 TOKENGANDU 310.00
50-AG3 245 TORENGANTY 460.00
50-BG2 155 PTOPAZGANDIT 310.00
50-BG3 256 TOPAZGANTY 460.00
50-P1 11q PARA LLCIOK 12.00
50-P2 Choke [ 1% TRIPLECHOK 12.00

*Prices of Gunged Assemblics do not include Chokes, Tyre V-1003

30 GENERAL RADIO COMPANY
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ASSEMBLIES FOR 230-VOLT:

VARIACS

SPECIFICATIONS FOR GANGED UNITS

THREE-PHASE

Overvoltage

SERVICE

Line<-Voltage Conneclion Connection

Input Rated Qutput Max.Oulput Quiput

Three-Phase Oulput Valtage Line Oulprt Voltage Oulpret Type of

Line Volts  Line Amp.  Range — Amperes KVA Range Kva Cireuit Assembly Prie-i‘
230 2 0-230 ‘ 2.6 1 0-270 | 9% | Open Delta ‘ V-3HG2 | § 54.00
230 4 0-230 5.2 2 0270 | 1.9 Open Delta | V-I0HG2 81.00
230 a5 0=-230 7.5 3 Not recommendedt Wye V-5G3 68.50
230 s 0230 10.4 4 0=270 3.8 Open Delta } V-2001G2 126.00
230 10 0-230 ‘ 13 5.2 Not recommended Wye V-10G3 113.00
230 20 0230 26 10.4 Not recommended Wye V-20G3 182.00
2530 20 0-230 31 125 0270 | 0.3 Open Delta ' S0-B3G2 310.00
230 40 0-230 ' 45 18 Not recommendedf | Wye | H0-AGH 460.00

(O 208-volt eirenits, eurrent rutings remain unchanged, but voltage range and kva ratings are reduced in proportion to the voltage,
1On 208-volt cirenits, overvoltage connection may be used.

ASSEMBLIES FOR 460-VOLT THREE-PHASE SERVICE

*Soe price list on preceding page for code words and not weights,

160 9 0-160 . 2.6 2 Not recommended Wye V-51G3 $ 76.00
160 4 =460 5.2 4 Not recommended Wye VA10HG3 116.00
160 8 0460 10,4 S Not recommended Wye V-20HG: 182.00
160 20 0460 31 25 Not reconumended Wye S0-BG3 460.00

ASSEMBLIES FOR SINGLE-PHASE 115-VOLT SERVICE

Overvoltage
o Line —l"rn'l‘fm-" Conncetion .- ‘f'r{mm‘fr'nn — Total
Input  Rated  QOutpul Maz. KVAat Output Rated Tupe Price*
Line Owtput  Voltage  Output Mazx. Valtage — Output of Connec- (‘hakes ineluding
Volts Amperes Range  Amperes Valls Range  Amperes  Assembly tion Required Chokes
15 | 40 0-115 52 6 0-135 40 V-200G2 I Parallel | One Type 50-P1  |$138.00
. ¢ 3 % A i AR : [One Type 50-171
115 60 0=115 78 9 0-135 60 V-2003 I Parallel \One Type ._.,”_1,2} 206.00
115 80 0-115 90 10 0-135 80 H0-AG2 | Parallel | One Type 50-P1L 322.00
& & = . » . [One Type 50-P1]
' 3 y i s 50-A (G siealtal | ¢ ) !
15| 120 | 0-115 135 15 0-135 120 50-AG3 !Iur.llll.l One Tvne 50-p2, | 484.00
ASSEMBLIES FOR SINGLE-PHASE 230-VOLT SERVICE
20| 5 0-230 7.5 1.7 0-270 5 V-5(i2 J Seriest None $49.00
240 10 0-230 13 3 0-270 10 V-10G2 | Seriest None 79.00
230 16 0-230 20,8 4.8 0-270 16 V-20HG2! Parallel | One Type 50-171 138.00
250 20 0-230 206 6 0-270 20 V=202 | Series| None 126.00
230 40 0-230 652 14 0-270 40 H0-13G2 | Parallel r()uu Type 50-P1 322.00
9 e i % ; = v - [One Type 50-P1]

230 60 0-230 03 21 0-270 60 | H50-BG3 ‘ Parallel |One Type 50-12/ 484.00
ASSEMBLIES FOR SINGLE-PHASE 460-VOLT SERVICE
160 [ 2 | 0-460 2.6 1.24 | 0-540 2 | V-5HG2 | Seriest None $54.00
460 4 0160 5.2 2.4 | 0-540 4 V-10HG2| Seriest None 81.00
460 S 0-160 10.4 4.5 0-540 s V-20HG2) Seriest None 126.00
460 20 | 0160 31 14 0-510 20 50-BG2 | Seriest None 310.00

#See price list on preceding page for net weights and code words,

fCannot be used where a common connection exists between inpnt and output, as for instanee, when load is gronnded.

GENERAL RADIO COMPANY
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VARIACS

VARIACS FOR 400-CYCLE

TYPE M-2 VARIACY AND TYPE M-5 VARIAC®
These VARIACS are the high-frequency
equivalents of the Tyre V-2 and the Tyre
V-3, They are available:
. As single units,
2. As 2-gang assemblies for 115-volt, three-
phase, open delta conneetion (or for con-
trolling two cireuits on a single shatt).
3. As 3-gang assemblies for 208-volt, three-
phase, wye-connection (or for controlling
three cirenits from a single shaft).

TO 1200-CYCLE SERVICE

Typr M-2 and Tyer M-5 VARIACS are
mechanically rugged, built to withstand vibra-
tion and shoek tests:

Vibration — 10 to 55 eyeles, 1/32-inch
amplitude,
Shock — 1200 ft.-1b. test of MIT-T-945A.

> Coil bears =olidly through a thin insulator
against a cast aluminum base, which. in turn,
has an annular mounting surface. Good ther-
mal conductivity between coil and base, and
between base and pancl, is thus achieved.

> Wiring diagram on terminal bosaud.

> Usable from 400 ¢. to 1200 ¢.

> Durarrak contact surface provides extra
fuctor of reliability under overload. In-
stantaneous peaks of ten times rated current
can be handled,

> Brush track shows no sign of wear after
one million eyeles of brush operation (0 to
maximum and return).

> T'wo-ampere model (Type M-2) has 400
twrns, giving adeqguate resolution for many
computing and control operations.

> Ganged assemblies are designed for mini-
mum volume. Coils are mounted back-to-back
on a single base for two-gang assembly.

SPECIFICATIONS

Type M-2
400 to
1200 eps.
115 nominal 115 nomirnal
0 to 135 1o 135
or nr
to 115 hto 115
2 aniperes Jamnperes

Type M-5
00 to
1200 eps.

Line Frequency:

Input Voltage:
Output Voltage:

Rated Output Current:
Maximum Output Cur-
rent, (for line-voltage

Type M-2 Type M-5

No-Load Loss at 400

Cycles, watts: 3 [
Number of Turns on
Winding: 402 203

D-C Resistance of Winding: 1i.06i ohins 1.3 olims

Driving Torgue: 10-20 15-30)
aunee-inehes  ounce-inehes
Net Weight, pounds: 178 31

connection, only ): 3 mmnperes 7.5 amperes Dimensions: =ee sketeh st <keteh
Ty Deseription Codde Waord Prive
M-2 ’ WIRIEERNG . . v otieias e s St i ot 6o B RAGGY $15.50
M-2G2 2-Gang Type M-2 Variac Assembly | BAGGYGANDU Price
M-2G3 | 3-Gang Type M-2 Variac Assembly . . BAGGYGANTY on request
M-5 ’ L T e A =i CANNY 22.50
M-5G2 2-Gang Type M-5 Variac Assembly . . CANNYGANDU Price
M-5G3 3-Gang Type M-5 Variac Assembly . . CANNYGANTY | on request

PATENT NOTICL, Note 8, page vi,
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VARIACS

VOLYAGE

TYPE 1570-A AUTOMATIC VOLTAGE REGULATOR

USES: The T'yvee 1570-A Automatic Voltage
legulator is designed for both laboratory and
industrial applications where constant a-¢
ine voltage 1s required. It combines high
acenracy for laboratory use with large ca-
pacity for industrial applieations, Typical
ipplications for this instrument are: lab-
oratory  power, eritical transmitter supply
oltages, meter test benches, carvefully con-
trolled industrial processes.

DESCRIPTION: The Tyrr 1570-A Aufomatic
Voltage  Regulator consists of a Variae®
adjnstable autotransformer, an auxiliavy step-
down transtormer, and a servomechanism,
vhich confrols automatieally the setting of
the Variae so that the output voltage is held
constant. The servomechanism comprises a
voltnge-sensing device, a reference voltage,
an error-voltage amplifier, and o thyratron-
controllod servo-motor. The motor operates
the Varine to keep the output voltage con-
stant without adding any harmonie distortion.
e auxilinry step-down transformer is used
to inercase the current rating of the regulator.

The voltage sensing element is a reetifier
with a resistive load, so that the d-¢ output
voltage is proportional to the average value
of the rectified regulator output voltage. The
rectified output voltage is filtered, and the
d-¢ component ('unlpzu'('([ to a stable voltage
reference tube to obtain a d-¢ error voltage.
This error voltage is amplified by a two-stage
balaneced amplifier with lead and lag networks
for shaping the phase and amplitude response
for optimum performance.

The thyratron-controlled servo-motor is a
true proportional control deviee rather than
an off-on deviee and provides a smooth con-
trol with no “dead zone.”™ The Variae driven
by this servo-motor is equipped with ball-
bearings to reduee Iriction to a minimum.

FEATURES: > [ligh wcenrney

> Iigh response speed

> Adjustable output voltage

> Zero wavelorm 1|i.-'lul'lin[l

> Independent of load power lactor
> Iligh power
> Iigh efficieney

e oseillograms below show traces of G0-exele voltage sine-wuve penks illustrating the response speed of the Ty 1570
Lane Voltage Regulator. (o) Left, 29 change (step funetion) in voltage input to regalator: (b center, voltage output

of regilntor as o resalt of 29 input voltage change shown in (1 (e right, voltage output of regulator

e the tnpuat

voltage is changed 17,

GENERAL RADIO COMPANY 33
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VARIACS

O
UNREGULATED

REGULATED
oUTRUT

CONTROL
unr

Flementary schematie diagram of the Typre 1570 Line Voltage Regulator.

SPECIFICATIONS

Output Voltage: Adjustable over a range of =109
from a base value of 115 valts (for Tyer 1570-AL) or 230
volts (for Tyee 1570-A1L) by means of a screw=driver
adjustment on panel.

Input Voltage Range: The desired output voltage will
be maintained if the input voltage does not vary by more
than =10 from this value of output voltage, A =209

range connection is also available (see Tootnote below).

{_ Vol 115 Nominal 230 Newinal
/ 114! 2 f ’
Jued i otlage Adjustable 100 _l'b'”“,”,m 4109
Input voltage as a0, SO, 000 =09
a percentage ol je] L8] Lo Lo
output voltage* 110% 1205 11097 1204
Ouiput current o _ : [ .
50 25 20 10

amperes

KVA (&} 3 5

[
=

:\I"I'lH'.‘ll'} in [

: 0.25% 0.5% 02557 0.57%
of output voltage oy d KL, T4

Speed of
Response volts L0 20 20 40

per sevondf

ither 109
ipped  con-
«d on order,

*I'yris 1570-AL and 15370-A1L ean be conneeted for
or =209 input voltiee ;
nected for £109, range
{Slightly less for very small vo

(8 m-nrn-:-iiu‘u.:..l“ 3
Type
1570-ALM
1570-ALR
1570-AHM
1570-AHR
PATENT NOTICITE.

Elementary sehem

Nuote 8, puge vi.

Line Voltage Regulator, 115 volts, table top model . ...
Line Voltage Regulator, 115 volts, relay rack model . ..
Line Voltage Regulator, 230 volts, table top model . ...
Line Voltage Regulator, 230 volts, relay rack model

Waveform Distortion: No distortion. Output waveform
same as input,

Waveform Error: The voltage sensing deviee |'|'.‘|-rn:(i~
to the average value of the reetified output voltage,
Therefore, the average value of the output voltage is
held constant, and a loaded d-¢ power supply operated
from the output of the regulator will give constant ot
voltage regardless of the harmonie distortion present in
the power line. The rms output voltage will also remain
constant, regardless of the harmonie distortion present,
ag long as the phase and amplitude of these harmonies
are constant. If the harmonie content changes, the rms
value will change by an amount less than AR/n, where AR
is the change in the harmonie amplitude and » is the
harmonie number,

Ambient Temperature: Full ratings apply up to 40°C,
FI‘EQLIE!HCY: Standard models, 60 eveles, The instrinnent
ean be modified at the factory for operation sl 50 oyeles.
There is a nominal charge for this modifieation, which
mush be made before shipment,

30 watts

10O watts

Power Consumption: No Load
Full Load

Efficiency: 98¢

Mounting: Relay rack (<R model) or table top (-M

mocdel ).

Dimensions: (width) 19 x (height) 7 x (depth) 1274

inches, over-all; depth behind panel 1134 inches.

Net Weight:

Cade Ward Price

CEDAR
CHARY
CHALIK
.| CURLY

Price on
request

of the control unit eirenit (see Mock dingram above) used in the Line Voltage Rezulator to control

the servo-motor drive.

FROM REGULATOR
auTeuT

RECTIFIER
QUTPUT VOLTAGE

MOTOR CONTROL
THYRATRON

MOTOR CONTROL
THYRATRON

34 GENERAL RADIO COMPANY
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VARIAC®

VARIAC Speed Controls are compaet,
moderately priced motor speed controls, de-
siened to operate d-e shunt, compound, or
series motors from an a-c line. The motors ave
operated with constant field exeitation and
adjustable armature voltage, obtained from a
Variae autotranstormer and rectilier, so that
shunt motor regulation characteristics are
obtained,

No clectronie tubes are wsed in these controls.
teetifiers are dry-disk types, so there is no
time delay in starting.

Varine® Motor Speed Controls are avail-
able in six power ratings: Y5 6, 13, 24, 1,
and L'y horsepower. They are simple and
rugeed, have good regulation. and are par-
tieularly suited to shop installation. They
have given excellent performance in a wide
variety of laboratory, machine-tool, and in-
dustrial applications.

Figure 2 is a schematic cirenit diagram for
one of these controls. Two sets of full-wave
rectifiers arve used. One set supplies fixed field

Panel View of the Tyre 1700-B Motor Speed
Control.

I'aunre 1.

voltage: the other a continuously adjustable
armature voltage, controlled by a Variae®
autoltranstormer,

The choke in the armature eireuit, in con-
junetion with the full-wave selenium reetifier,

115 voLr
60 CYCLE LINE

Frevre 2. Cirenit  diagram  of the
Iyee 1702-X Varine Motor Speed
Clomtrol.
GENERAL

MOTOR SPEED

CONTROLS

PERCENT RATED TORQUE

Ficure 3. Speed-Torque Characteristies of a typieal
motor and speed control installation.

assures continuous conduction throughout the

a-c¢ cycle, providing a low-impedance source

of essentially ripple-free armature current.
Variae Motor Speed Controls offer:

> Smooth Wide-Range Speed Control — 15:1

for most applications; up to 100:1 or more

with light or smooth loads.

> Good Regulation.

> Dynamie Braking in all models 14 hp and

higher brings the armature to a quick stop.

> High Starting Torque. Heavy loads can be

started and stopped repeatedly  without

ll:tln;l_uc‘ 1o motor or control.

> Instant Starting.

> Quick Reversing.

> Negligible A-C Ripple — Motor need not

be derated — No torque pulsation.

> Low Mirst Cost.

> Simple Installation. Single-unit construe-

tion for all sizes through 34 horsepower.

> Very Low AMaintenance. No o elecetronie

tubes, Variac brush is only component requir-

ing oceasional replacement.,

4
ARMATURE SUPPLY
0 TO 15 VoLTS DG

o4p

oS/
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MOTOR SPEED CONTROLS

Tyre 1703-A

Typy 1700-13

TYPE 1701-AK

For shunt motors 115 hp and smaller. Two speed ranges,
selected by a panel switeh.

Typical applications are: TFeed drives for lathes, milling
machines, grinders and punch presses. Rewinding and take-up
drives. Jewelers lathes and other very light machinery. Photo-
graphic and other processing equipment.

TYPE 1701-AM
For shunt motors, as is the Tyree 1701-A K above. TToweyver
the Tyer 1701-AN has one speed range (zero 1o rated motor
speed). The armature overload fuse is located on the panel in
the position that is taken by the speed range switeh on the
Tyre ITO1-AK.

TYPE 1701-AU

Like Tyrr 1701-AK, but for series and universal motors
One speed range. Giives shunt regulation characteristios with
inexpensive universal motor at speeds up to 10,000 rpm. Motor
field and armature leads must be bhrought out separad ely,

Applications similare 1o Tyer [T01-AL but including also
higher speed applications, such as small very ligh speed
drill presses.

TYPE 1703-A
¢ hp [Teavier feed drives and other applications similur
to Tyer 1701-AIX,

Lg hip — for winding machines of various types, rewinding
and  take-up  drives,  dreill  presses,  grinders,  processing
machinery,

TYPE 1702-A
TYPE 1702-M

24 hp — A-model has controls on cabinet; M-model his
separate control station. For spindle drives for heneh Lathes,
heavy=duty winding machines, antomatic welding machines,
processing machinery, drill presses, conveyors, grinders, heavy-
duty rewinding and take-up drives,

Lefty, T'yer 1702-A

TYPE 1704-A

1 hp — has separate control station, For
lathe spindle drives, processing machinery
and conveyors of many types, rewinding and
take-up drives.

The Tyer 1704-A and the Tyri 1705-A
Speed Controls are physieally similar. (See
the photograph of the Typwr 1705-\  at
the left.)

TYPE 1705-A
115 hp — has separate control  station.
Heavier duty apphications similay to those for
Tyrus 1702 and 1704

Loft, "y 1706-A

PATENT NOTICE. Sce Note 8 puee vi
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VARIAC MOTOR SPEED CONTROLS

|
Type Ne.

1701-AK
1701-AM{

Motar Horsepower Range
Power Supply: (Single phase ac)
volts

Full load amperes
Line voltage hmits
at i) eyeles
at 50 eycles
Input Power — wabls
“ull Toad
Standby

Control Output — DO
Armatire — Amperes
Volts
Field — Amperes
Volts
Speed Range

Dynamic Braking
Armature Overload Protection
1

a
Control Station

“abinet Dimensions — inches
Net Weight — pounds

Cade Word

Price

Motar Ratings: Open drig:pmni’.'
Reversible, 40 ¢. Rise Contio-
uous Horizontal, Rigid Base s

Horsepower

Frame size

Speed RPM

Teads (bronght out sepurately)

Bearings
General Radio Desiguation

Codde Ward

Net Weight — pounds

1is and less

113

15

105-125
105-120

175
Nong

0.8
0-115
0.2
115 s
0ta 010
mted 2 ratedi

\Oone
Slow-Blow Fuse |

0.9-1,15 amps
On eabinet

BTXHT X485
i

-AK WINDY
=AM WIDOW

375,00

Shunt

bis
N-34

1725

Sleeve
MOD-5
MOTOR®

104,

Price

$33.00

1701-AU

Lisand less

115
15
05-125
105120
175
Nﬂll\'
0.3
0-115
1.2 1.0
10 16 115
0 to
0 to rated ruted

None
Slow-Blow Fuse
0.9-1.15 amps
On cabinet

ST 4N
i

WEARY

7300

1703-A

Hato I
113
2.2

105125

253

30

L5
0-115
.2
Gl
0 to
1.25 rated

Stow-Blow {v'use
1.7-2.0 amps
On eabinet
TIHEXT3 X 4%
a

WEBBY

$U7.50

48
010

r 1.50 rated
Automatie in Stop Position

| 1700-8

Yy and 15

v

105-125
No rating

afill
38
3.0
0-115
0.4
115 5
0to 0 to
rated 1.15 rated

AutomaticinStop Position
Cirenit Breaker
3.5-4.3 amps
On cabinet
127X 04 X6

2

AFOOT

170,00

| 1702-A
1702-M

Lo and 34
Ils“.ﬂ:
1

105-125
No rating

1150

64

0.5

0-115

0.4

115 I
0 to 0 to

rated 1.15 rated

Automatic in Stop Position
Cirenit Breaker
7.25-0 amps
1702-A — On eabinet
1702-M — Remote

13553 15X 614
1l

1702-A AMAZE
1702-M WISTY

1702-A $245.00
1702-M #350,00

THESE MOTORS CAN BE SUPPLIED WITH VARIAC MOTOR SPEED CONTROLS

Series or Universal
with Armature and
Field hca:l’s Separate
s [

N-12
8800
i

Componnd

1

F=i6

1725
[

(315 foot motor cable (irnished)

Sleeve
MO~
MOTOR*

43

1l
|

#8170 l

Sleeve
MOD-11
MOTOR®
25

$31L.00

Componind

ks
=56
1725
]
Sleeve
MOD-3
MOTOR®

30

£51.00

Compound with
Interpoles

.\J
H-t6
1725
[
Sleeve
AMOD-6
MOTOR®

]

384,00

*To order motor with Variae Speed Control, use eompound code word, WINDYMOTOR, AMAZEMOTOR, ete. Mators are not sold separately.
TThe Type 1701-AM is similar to the Type 1701-AK, except it has one speed range (0 to rated) and its armatuare fuse is aeeessibile from the front panel,
*Type 1702-P1 Autotransformer is nvatlable for use on 230-volt lines; weight, 201 pounds; price, 327.50.

‘ 1704-A

‘ 230
[}

210-250

No rating

1400
a0
4.5
0-230
0.5
230 160 128
{h to (to 0 to
rated 112 rated 1,25 rated

Automatic in Stop Position
Cireuit Breaker
A.5-0.0 amps
Remote

X194 XT

WEEDY

470,00

Comypound with
Tuterpoles

Ball
MOD-4
MOTOR*
73

170,00

230
0 to
rated

1705-A
1hs
230
8.3

210250
No rating

1951
an

B0
0-230
0.5
160
0 to
1.12 rated
Cirenit Breaker
7.25-9 amps
Remate

21100 XT

WAXER

$485.00

Canponnd with
Interpoles

114
N-2004

1750

Ball
MOD-10
MOTORY
s7

$105.00

128
0 to

1.25 rated
Automatic in Stop Position

SOVI¥dVA



RESISTORS

Resistonrs designed for use at electrical com-
munication frequencies differ from those
intended for use only af direct current in that
low reactance and constancey of resistance as
the frequency is varied are of considerably
more i'll'l[IHH:IlH‘l' than extreme aceuracy of
adjustment, Inevitably, resistors have capaci-
tance and inductance associated with them,
and these residual impedances become in-
creasingly important as the frequency is
raised, aeting to change the terminal resistance
from its low-frequency value.

For frequencies where the resistance and
”\ .'l.\'\‘lll"l.'l“"l I'l"]l'i”“ i“ll“’(l:l“"[‘?‘; i)('lln’l\‘l? us
lumped parameters, the equivalent cireuit of
a resistor ean be represented as shown in
Figure 1, The inductance L is the equivalent
inductance in series with the resistance, while
the capacitance ' is the equivalent capaci-
tance across the terminals of the resistor,

To analyze the behavior of the equivalent
circuit as frequency is varied, it s necessary
to differentiate clearly between the concepts
of equivalent series and equivalent parallel
cirenits, The two-terminal circuit of Figure 1

can be deseribed as an impedance, £ + jX,,
lmitt (; B l I )

I'as ¢ it ance, r +— )b = — 4 — ),
O as an adrm LI " ( H‘“ J;\ o

wherein the paramelers are a function of fre-
quency., This distinetion between series and
purallel components is more than a mathe-
maticul exercise the use to which the re-
sistor is put will [requently determine which
component is ol principal interest,

The expressions for the effective series re-
gistance (/) and the effective series reactance
(\) of Figure 1 are:

f,‘
R. e (1)
[' (w ) } F (RwC)?
IFroune 2. Genernl normalized curves of resistance as a

funetion of frequency for a fixed resistor.

Foauivalent eirceuit of a resistor showing the

residual impedances associnted with the resistance.

Frovme 1.

w : !.[i - (L)t‘ - /,‘:.«':.

\ l’l‘u.'{ y ) -
where

wo = and (‘:) = w'LC (3)

The effective parallel components are given
by:

G =— = : (4)

7 l s

Xy r 1 FR\"]

L w '\ /[,

At frequencies sufliciently low so that the
terms in w® may be neglected, the network
behaves like a resistance, /2, in series with an
inductance, L — R*C, or in parallel with a

L.

713
high values of resistance the capacitance domi-
nates, while for low values of resistance in-
ductance is the controlling effect.

At higher frequencies the behavior can best
be demonstrated by normalizing the expres-

capacitanee, C [t is apparent that for

with the dissipa-

!I‘ X
VILIC
parameter, This is done for R, and X. in
Figures 2 and 3.

For values of 1,2 less than 2. the resistance
increases with frequeney to a maximum and
then deereases to zero, For values of 152 of 2
or greater, l]u' resistance never rises above
unity. The same sort of behavior occurs for
reactance, except that the value of Dy*is 1 for
the monotonie condition,

Dieleetrie losses in the ]mn!u-:l ;mninn of
the shunt capacitance (' of Iigure 1 are equiv-
alent to a resistunce

. . N w
sions and plotting ngainst -

L)

tion factor at resonance, Dy =

1S a

1
I (5
. DawC )
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M1 i [;vru‘rcll nor y-r:i”zu\i curves ol reacinnce ns n

funetion of frequeney for a fixed resistor.

vhich deereases with increasing frequency
mid causes even the parallel resistance to de-
rease rapidly beyvond a certain frequency.
Chat portion of the shunt eapacitance ' which
s distributed causes a similar rapid decrease
n |>!‘-‘i»‘ll!“l'|'. even 1' !I"‘ fli(']l'l‘lri(’ I(L‘:‘ i.‘ “('ﬂli‘
pible., These effects together are called the
Boella effect. Its outstanding characteristic
s that, when the ratio of a-¢ to d-c resistance
mormalized  parallel resistance) is plotted
wainst the product [12 of [requency and d-¢
esistance, all points for any one type of re-
dstor full approximately on the same curve,
regardless of the resistance value. The de-
pease in resistance will amount to 197 lor
vire-wound resistors and the poorer composi-
jon-type resistors when the produet f12 15 0.01
(Me, MQ) and for the best composition-type
esistor when [R is 10 (Me, M),
For any given resistance value there will he
combination of residual parameters that
vill give best performance over the widest
requency range. |'!‘n]u-1‘ ;n'nglul‘%inllillf_'. of the
residual parameters determined by the me-
hoanienl construction will lead to the hest
"lln]rl'nmi\(' desien for a line ol fixed resistors,
An example of this kind of design is the Tyre
3 Resistor, in which a fine, straight wire is
1sed as the resistive element in order to reduce
kin effect. The inductanee is held at a low
alue by elampmg the wire to flat metal fins,
vhieh also aid in power dissipation. This pro-
duces o comparatively large shunt capaci-
anee, and the element is so proportioned that

RESISTORS

VI Cisof the same order of magnitude as the
resistance, a condition which minimizes the
changes of both induetance and t';‘t])ﬂ.('}i:ll\l'l‘
with frequeney. Resistors of this type exhibit
only 170 change in resistance at frequencies
as high as 30 megacyeles.

Wire-wound resistors of the ecard tvpe ex-
hibit 2 negligible frequeney error in resistance
up to about 500 ke, for values of resistance
up to 500 ohms, and only moderate errors at
one megaeycle.

When assembled into deeades, these resist-
ors have added to their own residual im-
pedances those of the switches, wiring, and
cabinet, The equivalent civeuit is then that
ol Figure 4, which represents a single decade
of the 510 type. For assemblies of such decades
in the Typer 1432 Decade Resistor the same
cireuit 18 still valid. The ineremental induet-
anees ”1. ‘Il(' -\(“\‘i']':ll ‘1(‘('1["('3. i“ |}|f' ('I”'('“il are
additive, but the ecapacitance is approxi-
mately that of highest deeade in use, Typical
values of the residual impedances for the
various types of General Radio resistors are
given in the specifications for cach type.

[t should be noted that the effeet of the
residual reactance depends greatly upon the
way the resistor i1s connected into a ecireuit.
Reactances can often be tuned out, p;tl‘!ivu-
larly in parallel eirenits. This is a particularly
important  consideration  with the higher
valued resistors of 10,000 ohms and above.
When the resistor is used as a parallel eirenit
clement, the upper limit of frequency for a
given error is some 10 times higher than for
the series conneefion.

All General Radio precision resistors of
100 ohms and above are wound with wire of
a newly developed alloy which has many
desirable characteristies. Chief among these
arc a low and positive temperature coefficient
ol resistance, substantially constant over a
wide range of operating temperature, and a
negligible thermal eml to copper. Moisture
has no appreeiuble effect on its resistunce,
and there 1s little, if any, drift in resistance
as a result of strains put in the wire when it is
wound on a card. Its greater tensile strength
is an advantage in winding, making it possible
LO })mnllim- better and more uniform resistors
than can be made with other :l”A[\'.\‘.

cim || resit
L RRL M e !Vt" MW~
Iy oeu \
nature  of  residual

M inees
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RESISTORS

TYPE 1432 DECADE RESISTOR

USES: Accurate decade resistors are extremely
valuable wherever electrical measurements
are made. They are constantly used in eireuits
where 1 wide range of resistunce values is
required or where variable dummy generator
and load resistances arve needed. The aceuracy
of Tyrr 1432 Decade Resistors casily meets
the requirements of these applications and
also permits them to be used as laboratory
standards and as ratio arms for direct- and
alternating-current bridges.

\Ithough designed  primarily  for direet-
current and audio-frequeney work, many of
the models are useful well into the radio-
frequency range.

DESCRIPTION: The Tyre 1432 Decade
Resistor is an assembly of Type 510 Decade-
Resistance ['nits in a single cabinet, Mechan-
ical as well as eleetrical shielding of the units
is provided by the rugged aluminum cabinet
and panel, which completely enclose both
the resistance units and switeh  contacts.
The resistance clements have no electrical
connection to the cabinet and panel, for
which a separate shield terminal is provided.

Three-, Tour-, and five-tial decade assem-
blies are available, ach decade has eleven
contact studs and ten resistance units, so
that the dial values overlap. Positive detent
mechanisms  in conjunction with  bar-type
knobs permit the operator to sense the posi-
tion of the switches without looking at the
|):t|1('l.

FEATURES: > L.ow zero resistance
0.003 ohm per decade.

-less than

» High acenracy — 0.05 ¢ for most deeades.
> Low temperature coefficient of resistance.

» Negligible thermal emf to copper.

> Resistors are adjusted to specified values at
their own terminals rather than at the box
terminals, so that resistance increments are
always correetly indicated.

> Residual impedunces are small and are
given in the specifications so that approximate
frequency characteristies can be computed.

> Maximum current for each deende based
on 40° C temperature rise is engraved on
panel,

SPECIFICATIONS

Frequency Characteristics: Similur to those of in-
dividual Tyre 510 Decade Resistanee Units, modified
by the inereased series inductance, Lo, and shunt eapuci-
tanee, C, due to the wiring and the presence of more thun
one deeade in the pssembly, At total resistance settings
of approximately 1000 ohms or less, the frequency
churacteristic of any of these deende resistors is sub-
stantially the same as those shown for the Tyer 510
Deeade-Resistance Units in the plot on page 42, At higher
settings, shunt eapaecitance becomes the controlling
fuetor, and the effective value of this enpaecitance depends
upon the settings of the individual decades. See Residual
Impedances below,

Residual Impedances:

Zero Resistance (Ro): 0.002 to 0.003 ohms per dial
ab de; 0.04 ahins per dial at 1 Mey proportional to square
root of froqueney at all frequencies nbove 100 ke.

Zero Inductance (Lo): 0.10 gh per diul.

Effective Shunt Capacitance (('): This wvalue is
determined largely by the highest decade in use. With the
LOW terminal connected to shield, a value of 15 to 10 uuf
per decade may be assumed, counting decades down from

the highest. Thus, if the third decade from the top is the
highest resistanee deeade in eireuit (e, not set ar zero)
the shunting termingl enpacitance is 45 to 30 uuf, 1§ the
highest deende in the assembly 15 in use, the effective
cupacitance is 15 to 10 guf, regardless of the settings of
the lower-resistance decades.

Temperature Coefficient of Resistance: Less than
20,0029 per degree Centigrade at roomn tempoeratures,
except for the 0.1 € deende, where the bhox wiring will
inereaze the over-all temperature cocflicient

Type of Winding: Sce specifieations for Tyre 510
Decade-Resistance Units, page 42,

Accuracy of Adjustment: All curds are adjusted within
0,055 of the stated value between enrd terminals
except the l-olim cards, which are adjusted within
+0.15%;, and the O.1-ohm units which are adjusted
within 0.59%.

Maximum Current: Ree specifications for Typre 510
Deeade-Resistance Units, page 42, Values for 40° C
rise are engraved on panels direetly above switeh knobs,
Terminals: Jack-top hinding posts set on Genernl Radio
standard 3{-inch spacing. Shield terminal is provided.
Mounting: Aluwminum panel and cabinet,
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Dimensions: Width, 475 inches: height, 41§ inches:

RESISTORS

Net Weight: Tyree 1152 \.

', 4 pounds, 2 ounces;

length, 1075 inches for 3-dial, 13 inches for 4-dial, and Tyer 1432 —J, K, L, Q. 5 , 4 ounces; Tyee
15% inches for S«lial box. 1432 M. N. P, 6 pounds, 5 «
No. of Type 510
Ty Resistanee Dials Decades Used Code Word — Prics
1432-F 111 ohms, total, in steps of 0.1 ohm 3 (A, BC peLTa | $61.00
1432-K 1,111 ohms, total, in steps of 0.1ohm 4 A,B,C,D DEFER 81.00
1432-C 11,100 ohms, total, in stepsof 10 ohms 3 C,D,E DERAR 69.00
1432-) 11,110 ohms, total, in steps of 1 ohm 4 |8.C, D.E DEBIT 87.50
1432-N 11,111 ohms, total, in steps of 0.1 ohm 5 A,B,C,D,E pevox | 104.50
1432-L 111,100 ohms, total, in stepsof 10 ohms 4 C,D,E, F prcay 92.00
1432-M 111,110 ohms, total, in steps of 1 ohm 5 (B,C,D,E, F|pEMmit 113.50
1432-A 1,110,000 ohms, total, in stepsof 1000 ohms 3 E, F, G DEMUR 95.50
1432-Q 1,111,000 0hms, total, in stepsof 100 ohms 4 D,E F, G ovrror 115.50
1432-P 1,111,100 ohms, total, instepsof 10 ohms 5 |C,D,E F, G| nuren 137.00

TYPE 510 DECADE-RESISTANCE UNIT

USES: Because of their accuracy, compactness,
md sturdy construetion the Tyee 510 Decade-
Resistanee Units arve ideal for assembly into
production  test instruments, bridges, and
ther experimental and  permanent  equip-
ment. They are particularly useful in appli-
cations where only one or two decades are
needed, or where a Tyee 1132 Decade Re-
sstor eannot be mounted conveniently. In
many eases the use of these units will release
tor general laboratory work relatively more

ahs
100 Q/STEP
80 ma MAX.

expensive decade resistors, that would other-
wise be tied up for long periods of time in
experimental equipment.

DESCRIPTION: \Winding methods are chosen
to reduce the effeets of residual impedances,
The 1-, 10-, and 100-ohm steps are Ayrton-
Perry wound on molded phenolic  forms
¢'~|)('('i:||l)' \Il:l])("l:ll)ll heat treated to minimize
aging effects. The 0.1-ohm steps arve bifilar
wound with ribbon, while the 1000-, 10,000-,
and 100.000-ohm steps are wound on thin
mica cards.

Fach decade is enclosed in an aluminum
shield, and a knob and etched-metal dial
plate arve supplied. The mechanieal assembly
is also available complete with shield, blank
dial plate, switeh stops, and knob, but with-
out resistors, as the Tyri 510-13 Switeh.

FEATURES: > Iligh nccuracy
most units.

> Excellent stability —newly developed
stable resistance alloys, with linal resistance

+0.05% for

adjustment  after artificial aging at  high
temperatuires
> Good frequency characteristics most

Tyre 510 Decades can be used at lll'w!lll'lu s
as high as several hundred kiloeyveles, as well
as at de.

> Low temperature coeflicient.

> Negligible thermal emt to copper

» Unaffected by high humidity — even the
high resistance units ean be exposed to high
humidity for long periods of time without
significant change in resistance.

Nore: For decade capacitors, see pages 5658,
For decade inductors, see pages 63 and G4,
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RESISTORS

SPECIFICATIONS

Accuracy of Adjustment: Resistors are adjusted to be
aceurate at card terminals within the tolerances given in
Table 1.

Maximum Current: Sce Tuble I below.

Frequency Characteristics: The equivalent ecireuit of
a decade resistance unit is shown on page 39. The values
of the residual impedances are listed in Table 1.

The accompanying plot shows the maximum pereentage
t'll:m:.'u iH |‘ﬂ‘q‘('li\‘l: ~l,'ri1-~ resistance ul’ .'I“ s¢tven l]l‘!':l(ll"
as a funetion of frequency. For Tyres 510-A and 510-B
the is due almost entirely to skin effect is
independent of switeh setting. For Tyre 510-C the er

oerror

changes slowly with dial setting and is a maximum at
Tyer 510-D a
broad maximum occurs at the 600-ohm setting. For all
the higher resistanece units, the error is due almost entirely
to the shunt capact

maximum resistanee setting, while for

ance and its losses and isapproximately
proportional to the square of the resistance setting,

The high-resistunce deeades (‘T'yprs 51015, 510-I7, and
S10-G) are very commonly used as parallel resistance
elements in resonant eircuits, in which the shunt capaci-
tance of the decades becormes part of the tuning capaci-
tanece. The parallel resistance changes by only a fraction,
between a tenth and a hundredth, of the amount indicated

in the plot as the series-resistance change, depending on
frequency and the insulating material in the switch.
Switches: Quadruple-leaf, phosphor-bronze hrushes bear
on lubricated bronze contact studs 35 inch in diameter.
These brushes are bent so as not to be tangent to the
are of travel, thus avoiding eutting and affording a good
wiping action. A cam-type detent is provided. There are
cleven contact points (0 to 10 inelusive). The switeh
resistance is between 0,002 and 0.003 ohm. The effective
capuaeitance of the switch is of the order of 5 uuf, with a
dissipation factor of 0.06 at 1 ke for the standard eellulose-

filled molded phenolie switeh form, and 0.01 for the miea-
filled phenolic form used in the Tyer 510-G Unit.
Temperature Coefficient of Resistance: lLess than
=+0.0029 per degree Centigrade at room temperature.
Terminals: Soldering lugs are provided.

Mounting: Each decade is complete with dial plate and
knob and ean be mounted on any panel between 14 inch
and 25 inch in thickness. A template is furnished with
each unit,

Dimensions: Over-all dinmeter, 314 inches; depth hehind
|1;llu‘-|‘ :"'I,lr. inches; lcm[il:tlw and dimension sketeh mailed
on request.

Net Weight: Tyra 510 Units, 11 ounces;

9vs ounces.

Tyre 510-P3,

TABLE 1

Resistance Power

per Step (AR) Maximum Current per Step AL C Lo
Tupe Ohms Accuracy 0% C Rise walls wh e f wh
510-A 0.1 +0.5% 1.6 o 25 0.014 7.74.5 0.023
510-B ‘ 1 +0.15% 800 ma 6 0.056 7745 0.023
510-C 10 +0.05% 250 ma .6 0.11 T.0-L5 0.023
510-D 100 +0.05% 80 ma 6 0.29 7745 | 0.023
510-15 1,000 -+0,05% 23 ma D 33 7.7-4.5 0.023
510-F 10,000 +0.059 7 ma 5 9.5 ‘ 7.74.5 0.023
510-03 ‘ 100,000 +-0.05% 2.3 ma 5 — | 7745 0.023

*I'he lurger capacitance oceurs at the lowest setting of

the deeade. The values given are for units without the shield eans in place. With

the shield eans in place, the shunt capacitance is from 10 to 20 upf greater than indieated here, depending on whether the shield is tied

to the switeh or to the zero end of the deeade,

Resistanet

Tupe Tolal Per Step Code Word Price
510-A 1 ohm 0.1 ohm eLATE | $12.00
510-B 10 ohms 1 ohm ELDER | 16.50
510-C 100 ohms 10 ohms ELEGY 16.50
510-D 1,000 ohms 100 ohms |  ELBOW 18.00
510-E 10,000 ohms 1,000 ohms ELECT 18.50
510-F 100,000 ohms 10,000 ohms ELVAN 21.00
510-G 1,000,000 ohms 100,000 ohms ENTER 40.00
510-R 100,000 ohms | Decade Steps, i.e., 0.1, 1, 10, 100,

1,000, 10,000, 100,000 ohms EAGER 18.00

510-P3 Switch only (Black Phenolic Frame)

510-P3L Switch only (Low-Loss Phenolic Frame)

Maximum percentage

|'lk:l”‘_’l' i“ l(“i“:l“"(' a8 A
function of frequency for
Tyre 510 Deecade-Resist-

ance Units.

42

7.50
8.50

ENVOY
ESTOP
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RESISTORS

TYPE 670-F COMPENSATED DECADE RESISTOR

USES: The Typr 670-F Compensated Decade
Resistor is intended for use in a-c measure-
ments where non-reactive inerements of re-
sistance are desired. Inductance ('nm])('ll.\':ll('«l
decade resistors are useful in tuned-cireuit
substitution measurements, as variable re-
sistance elements in antenna measuring cir-
cuits, and, in general, for any use where con-
staney of inductance is desired as resistance
is varied.

DESCRIPTION: Ilach decade is made with a
double set of switch contacts, by means of
which a copper winding is exchanged, step
by step, for the resistance cards, thus keeping
the total inductance constant regurdless of
resistance setting. This arrangement is shown
in the diagram below.

FEATURES: > Inductance remains constant
within 0.1 microhenry regardless of resistance
setting.

> Total inductance is about one microhenry
and can usually be balanced out in prelimi-
nary adjustment.

SPECIFICATIONS

Type of Winding: The 10-ohm and l-ohm steps are
Avrton-Perry resistance cards, while the 0.1-ohm steps
are bifilar ribbon units,
Accuracy of Adjustment: Resistance inerements are
correct within #0.1%, for the 10-ohim steps, 4:0.25% for
the 1-ohm steps, and =19 for the 0.1-ohm steps.
Zero Resistance: D-C, about 0.04 ohm; at 1 Me, about
03 ohm; nbove 100 ke, proportional to square root of
frl-qlu'llt'}'.
Inductance: 1.05 mierohenry, within 0.1 microhenry
regardless of resistunce setting.
Switches: Double-leaf, phosphor-bronze brushes bear on
lubrieated bronze contact studs 1 inch in diameter.
These brushes are bent 20 as not to he tangent to the are
of travel, thus avoiding cutting and affording a good
wiping action. A cam-type detent is provided, and there
ire eleven contact points (0 to 10 inclusive)
Terminals: Standard %4-inch spacing is used on the
terminals. A ground post connected to shield and panel
1s ulso IDI'U\'illl"l.
Frequency Characteristics: Similar to those of Tyee
1432 Decade Resistor, page 40. Change in resistance with
frequency results nlmost entirely from skin offeet.
Although skin effect produces a positive change in
resistance, the skin effect in the compensating winding is
greater than that in the resistance units .\t'«'n)‘lll”lﬂ_\'
there 1 a1 net negative v'h:\!lu(- in resistance inecrements
from this effect. That is, the inerement in resistance
between one switeh point and the next higher one will be

Ty Resistane:

670-F

| 0 to 111 ohms, total, in steps of 0.1 ohm

less at high frequencies than at low, This “negative skin
effect,” at one megaevele, 15 about
decade and about 0,69 for the tens deeade.

Maximum Current: Based on 0.25 watt per step:

0.8% for the units

Currenl in ma

Decady Sor 40° €' Ris
0. l-ohm-per-step 1600
1-ohm=-per-step 300
10-ohms-per-step 160

Mounting: The deeade units are mounted on aluminum
panels in copper-lined walnut cabinets.
Dimensions: Panel, (length) 13 x (width
Cabinet, (height) 5 inches, over-all.

Net Weight: 5% pounds.

5 inches.

In the compensated decade
resistor ends of
the switch blade muake con-
tact with
inductance windings, re-
spectively. As a1 resistance
step ix added to the circuit,

opposite

resistance  or

a compensating inductance
step is removed, and vice
versa.

Code Ward

ABYSS
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RESISTORS

TYPE 1450 DECADE ATTENUATOR

USES: The T'vre 1450 Decude Attenuator is
useful in power-level measurements, trans-
mission-cflicieney tests, and in gain or loss
measurements on transformers, filters, ampli-
ficrs and similar equipment. [t can also be
used as a power-level control in circuits not
equipped with other volume controls.

DESCRIPTION: The resistors used in each
deeade are mounted in compartments in o
cast aluminum housing, which is completely
shielded by the addition of aluminum covers.
Linch decade consists of four pads series-
connected by eam-operated switches, arvanged
with positive detents. All eams are mounted
on i control shalt which is provided with ball
bearings. ach pad is completely shielded,
and a shield is interposed between the input
and output eclements of each pad. Each

decade has eleven positions, 0 to 10 inclusive,
80 the decades overlap.

The assembly of decades is mounted in a
cast aluminum cabinet.

FEATURES: > A wide range of attenuation
values is possible in small steps.

> The accuracy ol the boxes is maintained
even at low radio frequencies.

> Decade-type switches make the boxes con-
venient to use. There are no stops on the 0.1-
and 1-db-per-step decades, facilitating quick
return from full to zero attenuation when
making adjustments,

> Both T-type sections and balanced-H see-
tions are available.

> An etched plate is attached to the case,
indicating mismateh loss for terminations
other than 600 ohms.

SPECIFICATIONS

Attenuation Range: 110 or 111 decibels in steps of 1
or (L1 decibol, respeotively,

Terminal Impedance: 600 ohms in either direction,
An etehed plate on the eabinet indicates the mismateh
loss for other than GO0-0hin eiretits,

Accuracy: Linch individual resistor is adjusted within
#+0.25, of its correet value. The low-frequency error in
attenuation is less than plus 0.008 db (HAY, 0.004 db
(TA), 0012 db (HBY, or 0,006 db (T'B) 4025 ¢ of the
indieated db value, provided the attenuator is terminated
by o pure resistunce of GO ohims. When properly termi-
nated, the input impedanee is GOD =3 ohms,

Frequency Discrimination: Less than =19 of the
indieated value at frequencies below 200 ke,

Maximum Input Power: 1 watt.

Switches: Ca-ly pe switehes are used with twelve posi-
tions covering 3607, The dials are numbered from 0" to
107 inelusive and the twelfth point is also connected to
“0". Stops are provided for the 100-db decade. No stops
are provided in the switch mechanism to prevent com-

plete rotation of the 10- and 1-db decades, hut spacers,
which are provided, c¢an be used under the mounting
gerews to act as stops for the knob.

Characteristic Impedance: ti0 ohms both directions.
Either end ean be used as input.,

Mounting: The deeade units are mounted on an alumi-
nutn panel in o metal eabinet, Each deendo is individually
shielded, and all shiclds are conneeted to the panel and
the "G terminal. Relayv-rack mounting is available on
special order at an additionul charge, See price lst below.
Terminals: Jack-top binding posts with #4-inch spacing;
cotnnon terminal of T units gronnded to chassis; copmon
termingl of II units not grounded; ground terminal
provided.

Dimensions: 14350-HHA and 1450-TA, 10x 53] x 1214
inches, over-all: 1450-11B and 1450-TB, 12x 5% x 1214
inches, over-all.

Net Weight: 1450-11A, 1114 pounds: 1430-TA, 1034
pounds; 1450-HB, 1514 pounds; 1450-TB, 1414 pmm(ls.

U

T ypo Range Impf:!f.-nce T'ype of Section B _{'m[r' Waord Price
1450-HA | 110dbinstepsof 1db ...| 600 ohms | Balanced-H | Nprworkiar | $270.00
1450-TA | 110dbinstepsof 1db ...| 600 ohms T NETWORKTAM | 200.00
1450-HB | 111 dbinstepsof 0.1db. .| 600 ohms | Balanced-H | Nerworknvs | 395.00
1450-TB | 111 dbinstepsof 0.1db. .| 600 ohms T | NeTWORKTUB | 290.00

For relay rack mounting (19-inch) add $10.00 to above prices and add R to type number (T'yee 1450-HAR,

for example),
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RESISTORS

TYPE1454-A DECADE VOLTAGE DIVIDER

USES: The T'yee 1151-A Decade Voltage
Divider provides acceurately known voltage
ratios for use in determining voltage trans-
mission ratios by direet comparison or by null
methods. Its high input impedance, high
resolution, and  high acceurney make it a
widely used laboratory accessory for d-¢ and
andio-lrequency measurements,

DESCRIPTION: T'lic decade voltage division is
accomplished by the use of the Kelvin-Varley

cireuit. Four resistor decades are connected
in such a manner that their settings are ad-
ditive, while maintaining a constant input
resistance.

FEATURES: > [ligh accuracy.

> Constant inpul resistance.

> Separate ground terminal provided.

> Voltage ratios between 1.0000 and .0001
in steps of L0001,

> Negligible thermal emf,

SPECIFICATIONS

/oltage Ratio: .0001 to 1.0000 in steps of 000100,
Accuracy: -£(0.177 4 .000001). All resistors are ad-
usted to within 0,057 ol nominal values. The voltage
ratio ervar will rarely exceed this figure, although at low
sertings of cach decade. the error ean theoretically
approach 200177,

Frequency Characteristics: I the external eapacitance
placed aeross the output terminals is less than 30guf, the
frequeney error is less than 0.1, to 20 ke for any setting.
Input Impedance: 10,000 olims. This value is engraved
on the panel.

Dutput Impedance: Viaries with output setting, de-
pending primarily on the setting of the highest decade
in use.

Maximum Input Voltage: 230 volis rms (or de) for
1P Centigrade rise of resistors in the input decade. This
vitlune is engraved on the panel,

Resistance Cards: Tyri 510 (se¢ page 41). Unifilar
on miea for two decades, Third and fourth deeades are
Avrton-Perry on phenolie eards,

Temperature Coefficient: O the individual resistors,
less than 0,002 per degree Centigrade. Sinee the
voltage ratio is determined by the ratio of resistors of
amilar construction, the temperature coefficient of the
voltage ratio is, for practical purposes, very nearly zero

Ty

at normul room ambient temperatures and within the
power rating of the hox.

Terminals: Jack top binding posts with stundard
Bi-ineh spacing at input and ontput, A separate ground
post is provided, =o that the divider cireuit ean be used
prounded or ungrounded, with the shield grounded,
Mounting: Aluminum panel and eabinet.
Dimensions: (Length) 1524 x (width) 514 x (height)
3 inches, overall,

Net Weight: 71 pounds.

Codie Waord Price

1454-A

' Decade Voltage Divider. . ... ... ... l ABACK |
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RESISTORS

USES: T'he Tyre 663 Resistors are designed to
have an accurately known impedance at high
frequencies. They are useful as standard re-
sistors for the resistance-variation method of
impedance measurement at radio [requencies,
cireuit elements in Ill'iJij_'.l‘.\ and similar
equipment, as terminating resistors for mateh-

as

663 RESISTOR

ing radio-frequency transmission lines and.
generally, as low-resistunce standards in high-
frequency applications,

DESCRIPTION: A straight picee of resistanc
wire is soldered to two flat metal plates, whiel
are mounted together on a strip
insulating material. A thin picce of micu
insulates the wire from the plates, except af
the soldered ends. This assembly is rigidh
clamped together with a top picce of insu-
lating material.

FEATURES: > \'{*I‘)' small residual inductunce,
> Skin effect is kept at 4 minimum, and a
value of VL € is maintained that minimizes
the residual reactance as well as resistance
change with frequency.

> Power dissipation is greatly aided by the
terminal fins,

close ol

SPECIFICATIONS

£19%.

Terminals: The fla

Accuracy: All units wre adjuste it metal plates to which the resistance
Residual Inductance: S¢ hle below, wire is attaeched are used as terminals, and are hoth
Skin Effect: Less than 195 helow 30 Me slotted and deilled for 3g<inch spacing
Temperature Coefficient: Less than -=0.0029 per Dimensions: (Length) 214 x w\n]l]u 114 inehes, Over-
degree Centigrade, all height %% inch,
Maximum Current: see table below, Net Weight: 2 ounces,
”il.lvw it
Induectance Current in Allowalle
Resistance i Ampores for D ixsi pation
L e C s Migrahenrys ' Rise i Watts (ode Ward riee
663-A 1 00065 1.4 2.0 AN $8.50
663-B 2 0.3 1.0 2.0 ALY 8.50
663-C 5 TR (1 Ny} 1.25 PATTY 8.50
663-D 10 0.2 (.35 122 PEDAL 8.50
663-E 20 0.2 N PENAL 8.50
663-F 50 i atl PENNY 8.50
663-G 100 (LR34 006 o1k PRIy 8.50
Curves showing ratio of effective resi . and equivalent series reactanee, to d-¢ resistanee versus frequenecy, for th
Tyre 663 Iesistors mounted 75 inch ¢ a Yq-inch metal panel. One end was grounded to the panel, and the total
apacitance approximated the rather high value of 6.5 puf, which could have been reduced if a low-capacitance monnting

were

MEGACYCLES

used,

MEGACYCLES
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RESISTORS

TYPE 500 RESISTOR

USES: The Tyrr 500 Resistors are particularly
recommended ws resistance standards for use
in impedance hridges and as secondary stand-
ards for laboratory use. The plug-type termi-
nals make them readily interchangeable
experimental equipment. Serew terminals are
aiso supplied for more permanent installations.

DESCRIPTION: This resistor is an accurately
adjusted resistance card, sealed in a phenolic
case 10 exclude moisture and to provide pro-
tection from mechanical damage.

FEATURES: > Convenient and accurate.

> Negligible thermal emf to copper.

» Low temperature coeflicient of resistance.
> lixcellent high-frequency characteristies.

SPECIFICATIONS

Accuracy of Adjustment: -£0.059, al the terminals,
except for the l-ohm unit, which is adjusted within
+0.15%.

Frequency Characteristics: Similar to those of the
Tyre 510 Decade-Resistance Units for resistance values
up to 600 ohms; somewhat better for higher resistances,
beeause of the relatively small shunt eapacitance of an
isolated resistor,

Maximum Power and Current: All units will dissipate
one watt for a temperature rise of 40° Centigrade. The
value of current for this rise is given in the table below
and iz engraved on each unit,

Temperature Coefficient: Less than =£=0.002
degree Contigrade at normal romn temperature.

% per
Type of Winding: Less Ythan 200 ohms, Avrton-Perry;
200 olins and higher, unifilar on thin miea cards.

Terminals: Both terminal serews and plugs are sup-
plied, Laeh terminal stud is recessed as o juck to accom-
modate a plug. Standard #4-inch spacing 1s used.

Mounting: Bluck molded phenolic cuse is used for all
units having a resistance of less than 1000 ohms, For units

having a resistance value of 1000 ohms or higher, a low-
loss miea-filled phenolic case is used. Both types are
sealed with a high-melting point wax. Two mounting holes
are provided, spaced 214 inches, for No. 16 drill,
Dimensions: (Length) 2%; x (Width) 124 inches. Over-
all height, exclusive of plugs, 1 inch.

Net Weight: 2 ounces.

I'upe Reststanee in Ohms Mazximum Current Cade Word Priee
500-A 1 | .U & RESISTRIRD $4.50
500-B 10 310 ma RESISTDESK 4.50
500-K 20 220 ma RESISTFILM 4.50
500-C 50 140 ma RESISTIORD 4.50
500-D 100 100 ma RESISTIROG 4.50
500-E 200 70 ma RESISTGIRL 4,50
500-F 500 45 ma RESISTUOAT 4,50
500-G 600 40 ma RE GOOD 4.50
500-H 1000 30 ma RESISTHY MN 4,50
500-L 2000 22 ma RESISTBELL 4.50
500-M 5000 14 ma RESISTPIPE ‘ 4.50
500-J 10,000 10 ma RESTSTMILK 4.50
500-R 20,000 7 ma RESISTHARN 4.50
500-T 50,000 4.5 ma RESISTGULL 4.50
500-U 100,000 3 ma RESISTROLL 4.50

RHEOSTATS AND VOLTAGE DIVIDERS: Ciencral

ladio Tyres 301, 371, 214, 471 and 314 pre-

cision wire-wound potentiometers are listed on pages 226 through 229 of this catalog. A wide

range of resistances is available,
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STANDARD CAPACITORS

Fravne 1. The equivalent cirenlr of o varinble air

capneitor € K ropresents the series metallie resistunee,

Lothe fnduetanee, and 8 the dielectrie conductance.

1. AIR-DIELECTRIC CAPACITORS

The characteristies of a properly designed
air (':l]'r:ll‘iltll‘ :llllll't!:il'h Very 1'[1»1"_\' those of
an ideal eireuit element. Whether the capaci-
tor 1s lined or variable, a low temperature
cocllicient, low losses, and a high degree of
stability can be achieved.

IFor many measurements, and over a wide
range ol lrequency, stieh a t':lgl:u'ilm' can be
comsidered as having a terminal il'l'l!il-t|:lnv:’-
defined solely by its eleetrostatic capacitance.
However, lor the most acenrate measurements
at audio trequencies or for measurements at
radio frequencies, the small deviations from
ideal performance must be examined and
evaluated. Figure 1 is an equivalent eireuit
showing the statie capacitance and the resid-
ual impoedances representing servies (metallie)
resistance, inductance, and shunt
(I“(‘I('['1 !‘.H'] ['U‘Tlli”l'l.'llll'i'.

At Jow frequencies only the conductance
() need be considered, T'his component repre-
sents (a) the dielectrie losses in the supports,
(1) the losses i the air dielectrie, and (¢) the
d-¢ leakawe conductancee. The effeet of the
leakage conductance is negligible at frequen-
cies nbove a few eveles, and is ordinarily ot
importance only when the capacitor is used
at de, e, for charge storage. The losses in the
:lilh ’hl‘tl'l'|]’1l‘ are “l"_"_“ﬂii“]" |”]‘1(']- 1'“1““1“'“‘
of moderate humidity and temperature. The
dicleetrie losses in the insulating strueture give
rise to an elfective conductance component
which -n!'tﬁ!t:zl”) ICTeNses t!ilvl'll_\' with fre-
quency (i.e., the JE-!;::Hinll factor of the
insuliation is approximately constant with
Ireguency ),

SOTIeS

The dissipation factor of the eapacitor is
defined as

D (1

(r
- T|1|' [bZ'Hlll'.l".

It will be seen from (1) that

of capacitance and dissipation factor, is inde-
;1t'rltlt'lli of €' .\1'1'--r'4“l:'_'1".‘ this ]lE'ln’iHn'l i~ il
convenient fizire of merit for variable an
capaecitors, as it is independent of the setting
ol the i-:lir:nsilnr:

Ag frequeney is progressively inereased, the
impedances of [ and L beeome signilicant
|.'l:r||||:|l't'tl to the reactance of O and must b
talken into pecount.

I represents the metallie resistance in th
leads, stack supports, and plates. Tt ordinarily
is not significant except at frequencies whers
skin effect is essentiadly complete, under whiel
condition its value virdes as the spare root o
frequency. The total dissipation factor of the
capaeitor when the resistance 2 is talen int
aceount is

(I-
[) - .+ Rl (2

L represents the inductance of the enrrent
path between terminals, It is largely concen
trated in the leads and supporting members.
and as a consequence is nearly independent ol
setting in a variable capacitor, The variation

2. The amonnt by which the effective termina

Froa s
vapaeitanee of o precision eapacitor differs from the loy
frequeney values. plotted as o funetion of static eajee-
rance (dial readings) for various frequencies. The plo
shown is for Tyer T22-N, whose series inductance i

M hanwve

induetanie

approximmtely 024 why Tyees 722-D and 722

approximately three tines as mueh series

Their performunee can be estimated from the plot Dy
entering al three titwes the eapacitanee, or at 1.7 times

the frogquency.

*
=
had
=
&
w
e
=
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STATIC CAPACITANGE IN ppt
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neffective terminal eapacitance eaused by L

s given by the expression
P
l w* O

\Variations of O, for a Tyre 722 Precision

Capacitor are «iven in Fienre 2 as a function

i frequeney, for various setiings.

2. FIXED SOLID-DIELECTRIC CAPACITORS

e same rvesidual impedances shown in
sipaeitors are present in solid-

Figure | Lor i
dielect !'it'«':lp:|4'illrl'~‘. but, beeause of a different
mechanical strueture and beeause the capaci-
ranee 15 concentrated in the solid dielectrie,
their relative magnitudes are dilferent.

'he effeets of interfacial polarization in the
dicleetric are shown by the low-frequeney
portions of IYieure 3. a and b, On these log-log
plots the slope ol the lines is characteristic of
the dicleetrie material, At very low frequencies,
the d-¢ leakage conduetance adds a component
to the ([i“i}\:xliull factor, but does not allect
eapacitance. 1t is normally negligible, even at
10 eveles per sccond.

At high frequencies, the series residuals
ause dissipation factor to inerease as the 3 2
power of frequency. while the fractional change
in capacitance inereases as the square of fre-
jueney (Sce FEquation 3

Fractional change in eapacitance and dissi-

wtion, with frequeney, of o

tuctor, H (hollom ), of

dieleetrie eapacitor.

DISSIPATION FACTOR

CAPACITORS

pation factor each have a minimum value,
which oceurs at a frequency that varies in-
versely with capaeitance and that ean be as
low as 1 ke and as high as 10 Me. For small
capacitances, where the efleet of series resist-
ance appears uHI.\‘ at very high ll’l‘t]llt'l)«'ir‘~. il
residual  polavization, having a  dissipation
factor constant with Irequency, sets a mini-
mum value for dissipation factor. It is also in
this frequency range around 1 Ne that the
clfect of -li!)1v1l' |)4’!:=1'izznli«lll oceurs, Dieleetries
ordinarily used for eapacitors rarvely show the
elfects of this ])Hl:xl‘il:xliull

Fraune 5. Fquivalent circuit of a T'ver 219 Decade

Condenser.

\\'!H'll l':l]):l“il(ll'>.'Xl'(‘il\‘('!l”li('(i illl«)«ll'(':(l]t'<,
as in the T'yre 380 Decade-Capacitor Units,
the series residuals are merensed 9»'\ the switch
as shown in igure 4. There is also a terminal
capacitance with diclectrie loss. The assem-
bling of several deeades into a Tyrr 210
Decade Condenser adds more series residuals
and more terminal (‘::p:u‘il:\lll'«', as shown in
l"i_‘.:ll!'(- 5. The solution of these more com-
plicated networks is diseussed in the General
Radio /',.J'[I/ remeoenlter, Vol. NV 1 NO. D,
October 1942,
which

".'.‘l]lil‘.

Because there is no frequency  at
(':lp:n'i\:xnl'(- has reached a constant
cach General Radio eapacitor is adjusted to
have its nominal value of t':|§):n‘i1:|nw' at 1 ke.
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CAPACITORS

TYPE

722 PRECISION

CAPACITOR

USES: The Tyre 722 Precision Capacitor is a
stable and precise variable air capacitor
intended for use as a standard of capacitance.

It is widely used in a-¢ bridges, both as a
built-in standard and as an external standard
for substitution measurements. It is also used
as o tuning capacitor in oscillators, frequency
meters, electronic gauges, and other instru-
ments where highest accuracy and stability
are important.

DESCRIPTION: The entire assembly s
mounted in a east frame, which gives the
unit rigidity., This frame, all spacers, the
stator rods, and the rotor shaft are made of
the best available alloys of aluminum, which
combine the mechanieal strength of brass
with the weight of aluminum. The plates
are also ol aluminum, so that all parts have
the same temperature coefficient of linear
expansion,

A worm drive is used to obtain the desired
high precision of setting. In order to avoid
the slight eccentricity that occeurs when a
worm gear is mounted on a shaft, the shaft
and the worm are one accurately machined
piece. The dial end of this worm shaft runs
in a self-aligning ball bearing, while the other
end is supported by an adjustable spring
mounting. Sealed, self-lubrieating ball bear-
ings, lightly stressed, are used at both ends
of the rotor shaft. Electrical connection to
the rotor is made by means of a silver alloy
brush bearing on a silver overlay drum to
assure a positive electrical contact.

The preliminary assembly of the frame
shaft, and gears is motor driven to erind i
the gears before final assembly.

FEATURES: > Iligh stability.

> High precision of setting — one part in
25,000 of full scale.

> Iigh accuracy.

> Low backlash.

> Low temperature coeflicient of capacitance.
> Low dielectrie losses.

> Dircct reading in capacitance.

SPECIFICATIONS

Capacitance Range: Three stock models are available,
Typr 722-D, dircet reading in total eapacitance; and
Typer 722-MD and Tyre 722-ME, direet reading in
capacitunee remoced from the eapacitor and intended
for use in eapacitance meassurement by the direet sulb-
stitution method. Ranges and aceuracies are tabulated
helow,

Diveet-
Reading

Approximate

Capacitance Capaeilance

Ty Range, uuf B Aceuraey al Zevo ppf
100 to 1150 | 4=1 pul 4019,
722-0D 25 40 115 | ==0.2 puf  =4=0.197
010 1050 | 41 ppl =017 1140
T22MD (§ 640 1005 0.2 ppf 0,19, 135
[ 0to 105 | 0.2 pul £0.1% 145
FA2ME [T 010 1005 | =000 gul =019, kH)

Capacitance is indicated by the readings of the dial and
drum, visible through a window in the panel.

Special models ean be supplied to meet customers'
specifications.
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Rotor Plate Shape: Semicircular for all models, to give
a linear eapacitance characteristic.
Correction Chart: A correction chart is supplied giving

CAPACITORS

corrections at multiples of 1, 10 or 100 guf, depending on
the total eapuacitance of the eapacitor. Aceuracies
obtainable through the use of these charts are as follows:

Aceuracy after correction is applicd

Capacitance Differences

+0.19% or £0.8 uuf*
+0.19% or +0.16 uuf*

+0.19 or £0.8 upf*
4019 or 40,16 puf#

Tupe Range, uuf Total Capacitance
100 to 1150 4+0.19 or +0.1 uuf*
220 { 2510 115 0,19, or 40.08 uuf*
0 to 1050 (0.1 or 404 puf*
722-MD { 0 to 105 +0.19; or 4008 puf#

i

010 105 4017 or £0.08 puf#
722-ME { 0 to 10.5 +0.19; or 4-0.02 uuf*

Overall Usable Accuracy: The accuracies stated above
an be attained in praetice only if an acceptable standard
technique is used by the operator 10 connect the eapacitor
into a measuring cireuit. Otherwise, the usable accuraey
at the eapacitor terminals may be limited to approxi-
mately 41 puf. (See deseription on page 53 under Tyre
1401 or General Radio Experimenter, Vol. XXI, No, 12,

Total Capacilance

Type Range, ppf
[100 to 1150
e 2510 115
[0 to 1050
TR \ 0to 105
722-ME | 0t 105

i 0to 10.5

Maximum Voltage: All models, 1000 volts, peak.
Dielectric Supports: Bars of low-loss steatite support
the stator assemblies, and conical polystyrene bushings
insulate the terminals from the panel. Quartz bars, coated
with silicone to prevent formation of a water film, can be
supplied on special order. (See price list.)

Dielectric Losses: The figure of merit, DC (dissipation
factor times capacitance), when measured at 1 ke, is
approximately 0.04 uuf for steatite insulation and 0.003
uuf for quartz.

Residual Parameters: Effcetive series inductance is
approximately 0,06 gh for all high-capacitance seetions
and 0,10 for low-ecapacitance seetions, Effective series
resistance at 1 Me is approximately 0.029Q for high-
capaeitance seetions and  0.038  for low-capacitance
seetions. The series resistance varies ns the square root
of the frequency. Its effect is negligible below 100 ke,

=+0.19% or =:0.1
4017 or £0.02 puf*

+0.1% or 0.1 pul*
+0.19, or 40.02 puf*

| 0,19 or 0.02
| 019, or £0.005 puf*
iDifferences from any zero dial setting.

+0.17% or 4016 puf*
4019, or 4+0.04 uuf®

1From any zero dial setting,  *Whichever ix greater,

May 1947, for a complete diseussion of connection errors.)
Worm Correction Calibration: Corrections for the
slight residual cecentricity of the worm drive can be
supplied for all models at an extra charge indicated in the
price list, Mounted charts are supplied, which give the
corrections to at least one more figure thun the guar:uuvcd
accuracies, which are stated below.
Aecwracy after worm correction is applied

Capacitance Differences
4019 or 0.2 uuf*
+0.19 or =£0.04 ppi*

ppf*

+0.19 or 0.2 uuf*
4019, or 40,04 puf*

+0.19 or 4-0.04 puf*
4019 or 4:0.01 puf*

*Whichever is greater.

puf*

Frequency Characteristic: Sce Figure 2, page 48, for
plot of variation of eapacitance with frequency.,
Temperature Coefficient of Capacitance: Approxi-
mately +0.00297 per degree Centigrade, for small tem-
perature changes.

Backlash: Less than one-half division, corresponding to
0.01% of full seale value. If the desired setting is always
approached in the direction of inereasing seale reading,
no error from this cause will result.

Terminals: Jack-top binding posts are provided.
Standard #4-inch spacing is used. The rotor terminal is
connected to the panel and shield.

Mounting: The capucitor is mounted on an aluminim
panel finished in black erackle lacquer and enclosed in a
shielded walnut cabinet. A wooden storage ease with lock
and earrving handle is supplied.

Dimensions: Panel, 8 x 915 inches; depth, 814 inches.
Weight: 10} pounds; 1934 pounds with earryving case.

Type Code Word Price
722-D Precision Capacitor . .. .. .. R ey CRUEL | $205.00
722-MD | Precision Capacitor .. . ..................... CYNIC 205.00
722-ME Precision COpueitor . . .. v cus v i i stk s COUPE 205.00

Worm-Correction Calibration for Type 722-D .. ... ...... .. WORMY 70.00
Worm-Correction Calibration for Type 722-MD . .. ... ... .. WORMY 70.00
Worm-Correction Calibration for Type 722-ME . . .. ... ... .. WORMY 90.00

When ordering, use compound code word, cruveLwonrsy, ete.

INSULATION

QUARTZ

Any Typi 722 Precision Capacitor ean he obtained with quartz insulation.

Ty/lt_ N Code "lnl‘lli s Price i
722-DQ | Type 722-D with Quartz Insulators .. ... .. CRUELQUATZ $300.00
722-MDQ Type 722-MD with Quartz Insulators . . .. .. .. CYNICQUATZ 300.00
722-MEQ  Type 722-ME with Quartz Insulators . .. ... COUPEQUATZ 300.00
722-NQ Type 722-N with Quartz Insulators . .. ... . ... BOXERQUATZ 275.00
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TYPE 722-N PRECISION CAPACITOR
(FOR USE AT RADIO FREQUENCIES)

USES: This capacitor has been designed par-
ticularly for use as a standard at radio fre-
quencies in series- or parallel-resonance meth-
ods of impedance measurement. It is also
useful as a variable capacitor in radio-fre-
quency bridges.

DESCRIPTION: The frame, bearing, and drive
mechanism of this capacitor are identical with
those used on the other Tyrr 722 Precision
Capacitors. The rotor and stator leads, how-
ever, are not brought out in the conventional
manner, Connection is made at the center of
hoth plate stacks to minimize residual induet-
ance and resistance.

The rotor conncetion is made by spring-
temper silver-alloy brushes bearing on a
silver-overlay disce.

FEATURES: The important features of this
capacitor are its low metallic resistance and
low inductance. Both of these quantities are
about one-third the magnitude of those in the
Type 722-D. The accuracy of calibration is

ax good and the dielectric losses nearly as low
as in the other Typr 722 Capacitors.

SPECIFICATIONS

Capacitance Range: 100 to 1100 uuf, direct reading.
Standard Calibration Accuracy: The ecapacitance,
measured at 1 ke, is indicated directly in mieromicro-
farads by the dial and dram readings to =1 puf 4-0.19,.
A correction chart is supplied giving corrections to
0.1 puf at multiples of 100 puf. By using these data the
direet-reading accuraey is 019 or 0.4 puf, whichever
is the greater, and the accuraecy for eapacitance difier-
ences is 40,19, or £0.8 uuf, whichever is the greater.
Worm Correction Calibration: A worm eorreetion ean

Interior photograph of a Typr 722-N  Precision
Condenser with hall the stator removed, showing
the leads and the method of connection to the rotor.

be supplied on special order. (See price list.) A mounted
chart is supplied giving the corrections to at least one
more figure than the guaranteed acceuraey stated below.

When the worm correction is used, the eapacitance ean
be determined within +0.19, or =0.1 puf, whichever is
the greater, and capacitance differences ean be measured
to an aceuracy of 0.1 or =%=0.2 puf, whichever is the
greater.,

Dielectric Supports: Two bars of steatite support the
stator assembly, and a third bar insulates the high term-
inal from the panel. Quartz insulation ean be supplied
on n special order. See price list on preceding page.
Dielectric Losses: The figure of merit, I (dissipation
factor times eapacitance), when measured at 1 ke, is
approximately (L03 puf. (See diseussion on page 48.)
Other Residual Parameters: I'he series metallic resist-
ance is about 0.008 ohm at 1 mwegaevele and inereases
directly as the square root of the frequeney. The dielectrie
and metallic losses are approximately equal at a setting of
1000 puf and a frequeney of 1 Me,

The series inductance is approximately 0,024 uh. The
inerease in capacitance caused by this induetance reaches
1095 at a setting of 1000 puf and a frequency of 10 Me.

At smaller eapacitance settings the effeets of residual
parameters are less, The equal division of losses oceurs at
20 Me for a setting of 100 ppf and the 10% capacitance
rise oceurs at 30 Me for the same setting,

Frequency Characteristic: See Iligurce 2, page 48, for
plot of variation of capacitanee with frequency.
Dimensions: Panel, 8 x 91¢ inches: depth, 81 inches.
Net Weight: 1114 pounds; 201% pounds with earryving
case.

Other specifientions are identical with those of Tyeg
722-1), page 50.

T",”", N ade ”:l)l'(l o - .l'rfrr_> B
722-N | 100 to 1100 ppf, direct reading . .. .. .. BOXER . $180.00
Worm-Correction Calibration ... ................ PR WORMY 50.00

When ordering, use compound code word, BOXERWORMY.
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TYPE 1401 STANDARD AIR CAPACITOR

USES: This unit is a two-terminal fixed air
standard for laboratory use. It supplements
the Tyre 509 series of fixed mica standard
apacitors, and provides a low loss standard
in the low capacitance range.

DESCRIPTION: The plate assemblies are sup-
ported |'.\' i low loss (9697 quartz) mounting
plate, attached to an aluminum casting. This
casting, together with the eylindrical alumi-
num case, provides a dust-free enclosure and
v complete shield. The low, or ground, side of
the (';1!};1(‘“11]‘ is conneeted to this shield. Three
supporting rods arve used for each of the plate
assemblies, assuring a high degree ol rigidity
and stability. As in the Tyer 722 Precision
Capacitor, all plates, rods and spacers are
aluminum to reduce thermal stresses.
FEATURES: > TTigh accuracy.

> Low temperature cocflicient.

> Low Losses.

> Excellent stability.

> Convenient size.

SPECIFICATIONS

Capacitance: I'our sizes are availuble, 100, 200, 500,
andd 10000 ggef,

Terminals: T'yrr 038 jack-top binding posts on standard
-neh spacing, A pair of double-ended plugs is supplicd
1o faetlitate conneetion to jack-top binding posts, IF these
plugs are added to the eapacitor, the capacitance is in-
erensed by 0033 guf when the unit is plugged into General
Radio Tyre 938 Binding Posts with one post grounded,
15 on the Type 716-C Capacitunee Bridge.

Accuracy: lineh eapacitor is adjusted to =L (0,17, 4 0.1
auf) at 1 ke, and a certificate of calibration is included.
Thiz aceuraey applies for direet substitution measure-

nents when connection to the eapacitor is made by fine
wires:- Lead to the low hinding post through its hole and
parallel to the panel. High lead bent so it approaches the
ieh binding post top perpendicular to the panel. Initial
halunee is made with this wire spaced Yy-inch, and final
halunee with it touching the top of the post. For other
nethods  of conneetion, an  unecrtainty  approaching
lapl  may he introdueed,
Maximum Voltage: I'or T'yers 1401-A, B3, " and D the
maximum peak veoltage is 1500, 1200, 900 and 700 re-
speetively.
Dielectric Supports: Plate assemblies are supported by
iew-loss (U677 quartz) material. Polystyrene bushings
nsilate the binding posts,
Residual Impedances: The series inductance of all
mits is approximately 0.05 uh. The variation in effective
erminal eapneitance caused by this inductance is shown
in the accompanying plot,

The metallie resistance of all units is approximately
D27 o at one megaevele, The series resistance varies as
the squire root of frequency above about 100 ke,

Type Capacilanee

1401-A
1401-B
1401-C
1401-D

OO PR oo vemamaimeaiviaisis v
V40,8 NTTTL R e o
SOOE, oo nmvemmsmnw s s mese
L0 s oot B e Sl b 58

Dimensions: Diwmeter, 314 inches; height, over-all,

417 inches,

Net Weight: One pound.

Variation with frequeney of effective terminal eapacitance
due to residual inductance for each unit.

FREQUENCY IN MEGACYCLES

Cadde Ward Price -
$37.00

HARBIT

HONOR 38.00
HOLLY 40.00
HANDY 45.00

Norve: T'yre 1428 Variable Air Capacitors can be found on page 232 in the Parts and Aceessories seetion of this eatudog,
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TYPE 505
CAPACITOR

USES: The Tyre 505 Capacitors are used as
secondary laboratory standards and as high-
quality circuit elements. An assortment of
various sizes is a valuable addition to any
communications laboratory.

DESCRIPTION: The capacitor unit consists of
a mica and foil pile, which is held by a heavy
metal elamp for mechanieal rigidity. This
clamp is not connected to either capacitor

terminal but is left floating, After aging, the
capacitor unit is placed in the low-loss phenolic
case, surrounded by silica gel to provide per-
petual dessication and ground cork to absorb
shock, and then sealed with wax,

FEATURES: > Small, convenient, and aceu-
rate.

> Has both serew- and plug-type terminals.
Units can be stacked in parallel with only
small cumulative connection errors.

> Diclectric is best, selected, India, ruby mieca.
> Low temperature coeflicient of capacitance.
> Units are heated to climinate moisture
before sealing and internal humidity held to
low value by dessicant.

> Low-loss case to reduce dissipation facto
and leakage conductance,

SPECIFICATIONS

Accuracy of Adjustment: 177 or £ 10 puf, whichever
is the larger.

Temperature Coefficient: Approximately -+0.0037,
per degree Centigrade between 10° and 50° Centigrade.
Calibration is made at 25° C,

Dissipation Factor: Less than 0.0005 for all exeept the
three smallest units, measured ot 1 ke and at 25° Centi-
grade. For the Tyres 505-A, 505-B, and 505-1, less than
0.0010, 0.0008, and 0.0006, respectively. A change of
about +5% of its value oceurs in the dissipation factor
for n temperature rise of 1° Centigrade,

Frequency Characteristics: See plots, page 55. Series
induetanece is approximately 0,055 gh for units in small
case and 0,085 gh for large case, Series resistanee at 1 Me
is approximately 0.0% ohm for small ease and 0.05 ohm
for large ease, varying as square root of frequeney above
100 ke.

Leakage Resistance: Greater than 100,000 megohms,
when measured at 500 volts, except for the Tyres 505-U
and 505-X, for which it is greater thun 50,000 and 20,000
megohins, respeetively

Maximum Voltage: In the table the voltages shown
hold below the tabulated limiting frequencies, At higher

"
Fee Qguen

frequencies the allowable voltage decreases and is in-
versely proportional to the square root of the frequeney
These limits correspond to & temperature rise of 40
Centigrade for a power dissipation of | watt for the sinall
ease and 2.5 watts for the large ease.

Terminals: Screw terminals spaced 24 inch apart. Two
Tyre 274-1" Plugs are supplied with each eapacitor,
Mounting: Mica-filled, low-loss phenolie cases.
Dimensions: See sketeh, Over-all height, 19
lnrge ease, 1 inch for small ease, exelusive of plugs.

Net Weight: See table.

§ inches for

2 NTG, HOLES
NO.16 DRILL IN
SMALL CASE

2 MTG.MOLES ™

NO. 18 DRILL
IN LARGE CASE

ol Weight

T wpe (o pireibares Peake Volls in ke in Ounees Code Waord Price
505-A ’ 100 ppf 700 20010 14 CONDENALLY $ 5.00
505-B 200 ppf Ton 1000 4 CONDENBELL 5.00
505-E 500 ppf S0 1000 4 CONDENCOAT 5.00
505-F 0.001 pf SN SO0 i CONDENDRAM 5.00
505-G 0.002 pf 500 100 5 CONDENEY HE 5.00
505-K 0.005 uf 500 160 5 CONDEXFACT 7.50
505-L 0.01 uf 00 S0 5 CONDENGIIL 7.50
505-M 0.02 uf a0 1 B CONDENIUEAD 10.00

“505-R 0.05 pf 300 ) 11 CONDENCALM 12.00
“505-T 0.1 pf 00 20 12 CONDENCROW 16.00
‘505-U 0.2 pf H00 10 13 CONDENWIPE 22.00
*505-X 0.5 pnf 500 4 o CONDENWILT | 35.00

*Mounted in large case

TYPE 509 STANDARD CAPACITOR

USES: These capacitors are fixed standards

for laboratory use. When they are used in
conjunction with a Tyee 722-1) or a Type
722-M Precision Capacitor in a parallel sub-

54

stitution method of measurement, precise
measurements of (':l[m('il:m('v up to several
microfarads can be made. For capacitor manu-
facturers who maintain a capacitance stand-
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CAPACITORS

ardization laboratory, a set of T'yre 509
Standard Capacitors used with a Tyer 716-C
Capacitance Bridge, is recommended.
DESCRIPTION: [lach T'ypr 509 Standard

apacitor consists of two Tyre 505 Capacitor
units which have been put through an addi-
tional aging process. The final aceuracy and
stubility are thus incereased markedly, The
units are mounted in cast aluminum cases and
are furnished with jack-top binding posts.
(Case is grounded to one terminal,

FEATURES: > Stability within #40.19; is ob-

tained by earefully controlled aging.

» An accurate calibration, within £0.19%, is

i ) . venience in Usimg the ciapactiors, Several units
frnished with each unit.,

can be stacked one upon the other without

> Plug-in terminals are arranged for con- the use of leads and without cumuluative error.
SPECIFICATIONS

Accuracy of Adjustment: Within 0,259, of the when measured at 500 volts, except for the Tyres 500-17,

pominal eapacitance value engraved on the ease. S00-X., and 300-Y. for which it is greater than 50,000

Accuracy of Calibration: After each capacitor has 20,000, and 10,000 megohms, respectivels

been aeed, adjusted, and mounted, its -‘;li:.‘u-il:ﬂu-u s Maximum Voltage: 500 volts peak at fregquencies below

carefully mensured and the value of eapneitance at 1 ke the limiting frequencies tubulated below, At higher fre-

and 25° C, accurnte within s=0.195, is entered on a certifi- quencies the allowable voltage deereases and o inversely

eate of ealibration which is packed with cuech unit, proportional to the square roor of the frequeney. These

Stability: Over reasanable periods of thme (at least one limits correspond to o temperature rise of 4107 Clent

veur) ench eapaeitor will maintain its ealibrated valune for a power dissipation of 3 watts for the small ease amd

within 0,19 5 watts for the large

Temperature Coefficient: Approximately -+0.0037 Mounting: (Cast aluminum eases with rubber feet

per degree Centigeade between 107 gnd 507 Centigrade Terminals: Two jnck-top binding posts spaeced 25 of an

Dissipation Factor: Less than 0.0005 when measured inch apart are mounted on the ease. One terminal s

it 1 ke and 25° Centigrade. See D curves below. prounded, and the other one is insulated by menns of a

Frequency Characteristics: Sce plots helow, Values of low-loss phenolie bushing.
sories induetance and series resistance at 1 NMe are given Dimensions: Small ease, (longth) 474 inches x (wideh
i the table below, This resistance varies as the square 215 inches x (height) 175 inches, over-nll, Large ense,
root of the fregqueney for frequencies above 100 ke. (length) 6 inches x (width) 332§ inches x (height) 2%5
Leakage Resistance: Greater than 100,000 megohms inches, over-all
Sertes Rexistanece Weight
Capacifance Peal: F"ru;m ney  ITnductance e ohms '
Tupe i Volls in ke e peh at | Me pounds Code Waord Price
509-F 0.001 S0 2300 0065 0040 114 GOOBCONBOY $30.00
509-G 0.002 500 1250 0,065 0.040 114 GOOBCONUUG 30.00
509-K 0.005 500 500 0.035 0,020 135 GOODCONCAT 30.00
509-L 0.01 500 230 (035 1.020 185 GOODCONDOG 30.00
509-M 0.02 500 125 0,085 0.020 145 GOODCONEY' 32.50
“509-R 0.05 200 S0 0.040 0.025 234 GOODCONPLG 35.00
*509-T 0.1 0 40 000 0025 299 GOODCONIROD 39.00
“509-U 0.2 500 20 0.040 0.025 244 GOODCONSIN 42.00
'509-X 0.5 500 s 0.040 0.025 34 GOODCONKL M 56.00
*509-Y 1.0 500 | 4 0.050 0.030 354 GOODCONTOP 85.00
*Mounted in large ense,

Loty Change in eapaeitance as o function of frequency. These changes are referred to the values which the eapacitors
would have if there wer

neither interfacial polarization nor series inductance. Since the capacitors are adjusted to their

nominal values at 1 ke, the I-ke value on the plot should be used as a basis of reference in estimating frequency errors,

(Right) Dissipation faetor as o function of frequency, Charae

ties of Tyre 505 Capacitors are sitnilar
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TYPE 219 DECADE CONDENSER

USES: The Tyre 219 Decade Condensers find
uses in every laboratory as tuned cireuit cle-
ments, bridge impedances, filter elements, o1
as components of any circuit where a wide-
range variable capacitor is necessary.

DESCRIPTION: The Tyrr 219 Decade Con-
densers are assemblies of three T'yer 380
Decade-Capacitor Units mounted in a shielded
cabinet. Each decade has eleven positions, 0 to
10 inclusive. so that the decades overlap. A
positive detent mechanism allows the switeh
to be set aceurately.

FEATURES: > A wide range of direct-reading
capacitance values.

> Accuracy suflicient
work.

> The zero capacitance has been kept at a
minimum, and its value is marked on each box
for ready reference.

> Dissipation factor has been held low by
cmployving mica-dielectric capacitors on  all
decades except the 0.1-microfarad decade of
the Tyrr 219-N.

> Mica dielectric is used throughout the
Tyre 219-K, which can therefore be used
where the comparatively high losses of paper
capacitors cannot be tolerated.

> Low-loss switches.

for most laboratory

SPECIFICATIONS

Accuracy: All units are accurate for eapacitance incre-
ments within =19, except the 0.1-microfarad decade of
the Tyre 210-M which is within 4295, The zero capaci-
tance of the Tyer 219-K is 46 ppf and of the Tyer 219-M
is 41 pul.

Dissipation Factor: The dissipation factor for the
individual deeades is given in the specifications for the
Tyre 380 Decade-Clapacitor UTnits,

QJ6uh 00150 0.10 ph 0.01a

Residual impedances in the Tyre 219 Decade
Condenser,

Type

219-K
219-M

Capacitance

1.110 pf in 0.001 pf steps . .
| 1.110 pf in 0.001 puf steps . .|

. of Dials

Maximum Voltage: The-e for the different
decades are given in the speeifications for the T'yprr 350
Decade-Capacitor Units. The limiting values for the
different Tyeg 219 Decade Condensers are engraved on
the |r:1lll'].

Frequency Characteristics: The varintion of cupaei-
tanee and dissipation faecvor with frequeney is similar to
thiat shown on page 58 for Tyew 3850 Decnde-Clapacitor
["nits, modified il)'
shown in the accompanying sketeh. Detailed deserip-

values

”11' :Ul‘]i!i’l“;l! |'l"i’1|l:l; illl!'i“illll('l‘:~

tions of these frequeney characteristies are given in the
(feneral Radio Experimenter, Vol. XVII, No, 5, October
1942,

Terminals: Standuard with =2
‘1-inch spacing are used. The shield is connected to
the “G" terminal.

Mounting: The decades are assembled on an aluminum
panel and mounted in a shiclded walnut eabinet,
Dimensions: T'yres 219-K and 219-M, (length) 1334
(width) 519 x (height) 374 inches

Net Weight: Tyre 219-K, 1034 pounds; Tyre 219-\

S24 pounds,

jnck-top hinding posts

Type 380

Decades [Csed Code Waord Price

$175.00
105.00

3 B M N
3 L; M, N

CROSS

BRIER

Note: Other decades: Decade Resistors, page 40. Decade Inductors, page 63.
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TYPE 380 DECADE-CAPACITOR UNIT

Tyee 350-1

USES: T'he Tyre 380 Decade-Capacitor Units
we extremely useful as elements in tuned
drenits, wave [ilters, and other experimental
or permanent mglli]ﬂlu'ln where a rather large
arinble capacitance is desived. They ave also
nseful in oscillators, analyzers, amplifiers, and
similar apparatus, especially during the pre-

Tyre 350-M

liminary design period when  capacitance
values are to be determined by experiment.

DESCRIPTION: lZuch decade is an assembly of
four individual miea or paper capacitors of
magnitudes in the ratio 1, 2, 3, 1. A selector
switeh is arranged to conneet !1:1!';1111‘1 com-
binations of the units so that anyv value be-
fween | and 10 may be obtained.

The switeh is of ricid construetion and
carries n detent mechanism for positive loca-
tion of the switeh positions. A\ phenolie shaft
is used, and contaet is made Fx.\' menns of ¢cams
bearing on phosphor-bronze springs. A brass
shaft bushing is molded in. This switeh to-
gether with dial plate and knob is available
separately as the Typre 380-P3. (See price list.

A standaed units ave furnished complete
with knob, photo-etehed dial plate with 30
detent positions, and stops.

FEATURES: > Stability is obtained by eareful
selection illlii :|'.-in: of the component capuei-
1Ors,

> The Tyre 380-I" is a high-quality deeadq
emploving Tyer 505 Capacitors.

> Thorough impregnation during winding
with molten l'(‘I‘L‘.-iH. 18 '.Li\.‘('n the paper eapie
tors used in the T'yer 380-L. A non-inductive

AN0-N.

Laft) Rear view of Typer
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type of winding is used, with the foil pro-
jecting at each end of the roll. thus avoiding
the large increases in dissipation factor and

capacitance that occur at high frequencies
when only the one end of each foil is con-
nected.

SPECIFICATIONS

inerements on all units are
the Tyre
4297, The units are

Accuracy: (Capacitance

within 219 when measured at 1 ke except

350-L, which is acecu

e within

cheeked with the switeh mechanism eleetrically,
and the common ll.'llll and caze L’f"nln‘!mlA The zero capac-
all units is 11 el and must be added to the

switeh settings

tance of
10 give the total l':l:r.‘:r"!7:ll‘.r'1'.
Dielectric: The Tyre 380-17 is made up of Tyer 505
Capacitors which have miea as the dielectrie. The Typer
380-1, uses ceresin-impregnated linen-paper capacitor
units, while the Type 330-M and Tyer 380-N use mica
('.‘tp:u'::!uxx molded n phenolic cases,

Dissipation Factor: The dissipation factor of the differ-
ent units, when measured at 1 ke and 25° Centigrade, will
be less than the values in the following table,
Frequency Characteristics: See
in both eapacitance and dissipation factor is caused at

plot below, The rise

low [requencies by interfacial polarization and at high

frequencies by series induetanee and resistance, Values

for these residual parameters are given in the General
Radio FExperimenter, Vol. X\N11, No. 5, 1942,

Maximum Voltage: 500 volts peak for Type 380-1" and
300 volts ]u':ll\ for all other units at frequencies helow the

October

her frequen-

limiting frequencies tabulated below. At h
i

HALE Aeereiases fl!l"

cies the allowable v is inversely pro-

portional 1o the square root of the frequeney. These limits

correspond to a temperature of 407 Centigrade for a power

dissipation of 2.5 waltts for the Tyre 3850-I' and 3.5 watts

for all other units

\
MAX PANEL THICKNESS « 78

Over-all dimensions of Typre 380 Decade-Capacitor Units
While all models use the same switeh mechanisim, the
Tyre 3830-1" requires additional space beeause of the large
capacitors which ure mounted on both sides of the switeh

Terminals: Ilexible, rubber-insulated leads are pro-
vided.

Mounting: Machine serews for attaching the deecade to
a ;):\H"' are :‘H;D}A“v' E

Dimensions: Tyre 330-F, panel space, 434 x 414
behind panel, 4 inches. Typres 380-L, 3830-M, and 380-N
see accompanying sketeh

Net Weight: Tyree 350-1°, 3 pounds, 12 ounces; Tyres
380-L and 380-M, 1% pounds; Type 380-N, | pound

6 ounces,

inches

Dissipation Fre quency Limit

Type i ﬁ/n/r‘{lumw Fa tor _"ri_llq r \3)/!:5:[; Code Ward 7 Price
380-F 1.0 pfin0.1 pfsteps 0.0005 5 ke ACUTE $95.00
380-L 1.0 pfin0.1 pfsteps 0.010 l ke ADAGE 25.00
380-M 0.1 pfin0.01 pfsteps 0.001 100 ke ADDER 34.00
380-N | 0.01 pfin0.001 pfsteps | 0.002 1000 ke ADDLIE 24.00
380-P3 SwWitch onlyY .uoeuu s seys S8 s 5 saedn CCSWITCHFORD || 8.25

Note: Other decade units: Decade Resistors, page 41. Decade Inductors, page 63.

(Left) Change in capacitance at maximum setting of each decade as a funetion of frequency. The capacitance euryes

are referred to the value the eapacitor would have if there were no interfacial polarization and no series induetance

Since the capacitors are adjusted to their rated accuracy at 1 ke, the 1-ke value on the plots should be used as a basis
of reference in w.~tim:\7in: 'n?u: Irequency error.

Right) Dissipation factor as a function of frequency.
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STANDARD INDUCTORS

The desirable attributes of any inductor to be used
as 1 lnboratory standard include:
1) High stability of inductance value.
2) Small variation of inductance with frequency.
3) Small variation of inductance with current.
£ High ratio of inductive reactance to resistance
it the desired operating frequency.
3 Low temperature coetlicient.
(6) Reasonable ')ll\.‘i al size.
7) High degree of astaticity.
Hn the following pages are deseribed a number of
both fixed and variable inductors representing different
seonomic compromises among the above factors

Ficure A. Equivalent
cireuit of an  air-cored
inductor L.

AIR-CORED INDUCTORS

High stability and small variation ol inductance
with frequeney and current are best met by air-cored
imductors, as exemplified by the Tyer LI82 Primary
Standard Inductors. In such an inductor, stability of
inductance depends entirely upon the dimensional
stability of the coil strueture and, with proper design,
constancy of inductance to a few hundredths per cent
can be expected over a period vears. Except for
small and usually negligible variations due to skin
effect the only change of inductance with frequency
is produced by the distributed capacitance, Co, of
the coil, which causes the effective series inductance
to increase above the geometric or “‘zero frequency™
value, L, as the natural frequency, fi, 1s approached.
\t resonance the product w*LCs is unity. For
frequencies  well  below  resonance, the effective
inductance is

I, I

§ o (:) 1 w0

and the fractional increase is approximately

:AIII : (‘,l> = w*LLy

No variation of inductance with current oceurs, and
an air-cored inductor can be considered as an ideally
linear circuit element,

The losses in an air-cored inductor are (a) an
“ohmie™ or 121, loss from the series resistance of the
winding, (b) a loss in the copper caused by eddy cur-
rents, and (e) dieleetrie losses in the insulation. An
equivalent circuit taking these losses into account is
shown in Figure A.

The effects of the various loss components are most
easily represented by the plot of dissipation factor
against Ifrequency, Figure B. In logarithmie coordi-
nates, the three dissipation factor components of an
air-core inductor can all be represented by straight
lines as shown, The component, D,, eaused by the d-c¢
resistance of the winding, varies inversely with fre-
quency, while D, due to eddy-current loss in the copper
and associated with skin-effect) is directly propor-
ional to the frequency. The dissipation factor, Dy, of
he distributed capacitance of the winding produces
0, which is proportional to the square of the frequency
within the significant range where Dy is independent
of frequency. Note that Dy reaches the value Do at f.
[he total dissipation factor, D, is the sum of these
three components and has a minimum value which
oceurs well below the natural frequency, fo, of the
inductor.

It will be observed that at low frequencies the dissi-
pation factor, D, is determined entirely by series re-

sistance, while at high frequencies the eddy eurrent
and diclectrie losses predominate.

The minimum value of dissipation faetor obtainable
depends upon the geometry of the coil and upon the
diameter of the wire, Insulated stranded wire (Litzen-
draht) is frequently employved to reduce D, by using
small individual wire diameters.

IRON-CORED INDUCTORS

A larger induetance ean be obtained in o given
volume or with a given amount of copper il u core
material of high permeability is used. The term “iron”
is used loosely and generically to identify such ferro-
magnetic materials, although these materials are
highly developed special alloys, in sheet, strip, or
bonded granular form.

The economy in coil construction resulting from
the use of “iron" cores is obtained with some sacrifice
of performance in an inductor used as o calibrated
standard. Stability is ordinarily reduced, sinee the
inductance depends not only on geometry but also on
the permeability of the core material. This permea-
bility will vary somewhat with current, beeause of its
inherent change with magnetizing force, and may also
be subject to a slight aging. By proper design and
choice of core material, as exemplified by the Typres
940, 1490, and 1481, induetors satisfuctory as second-
ary .~t.n|«l.ml> and as adjustable decade elements can
I‘l‘ l":l“l"(l.

In an iron-cored inductor, lower values of D, and
D, ean be obtained, due to the inerease of effective
permenbility, while 2y remains unchanged and fo is
reduced somewhat. Three other linear core components
of dissipation factor must be added to the winding
components shown in Figure B, ddy currents in the
core produce a component, 1., which, like D,, is
direetly proportional 1o the frequeney and which is
minimized in a dust core made by molding fine iron
powder in an insulating binder. However, by the use
of fine wire, 1, can be made negligible compared

The lx_\'s!ivl‘(-\i.~ component ol .1i-~l|):l!it»|| factor,
Dy, s independent of frequeney but, sinee it is pro-
portional to the magnetizing foree, it becomes vanish-
mgly small as the operating level approaches zero
(initial permenbility ). The relatively small component,
D, 1sed by residual losses in the ron is constant
with frequeney and, like Dy, would be represented by
o horizontal hine in Figure B3,

Freene B, Dissipation factor
showing the relative

variation with fregquency

contributions of the several loss
components.

:
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INDUCTORS

TYPE 1482 STANDARD INDUCTOR

USES: The Tyrer 1482 Standard Inductor is an
accurate and highly stable standard of self-
imductance for use as a primary standard in
the laboratory and as a precise working
standard in impedance measurements at audio
requencies.

DESCRIPTION: Each inductor is a symmetri-
cully wound toroid on a ceramic core. I1 has
SPECIF

Inductance Range: 100 ph to 10 h inclusive.
Temperature Coefficient of Inductance: Approxi-
mately 30 partsin 10 per degree (. Minute temperature
corrections may be computed from d-e resistance.
Accuracy: Nominal limits of adjustment, see table.
Limits of measured certificate value, equivalent to Bu.
Stds, certification, see table.

a negligible external magnetie field and essen-
tially no pick-up from external fields. The
inductor is hermetically sealed in a mixture of
ground cork and silica gel, after which the
whole assembly is cast with & potting com-
pound into a cubical aluminum case.

Three terminals arve provided, two for the
inductor leads and the third connected to the
case to alford either a two- or three-terminal
inductor. Prior to calibration these inductors
are thermally aged to equalize winding strains,
Calibrations are made with the low terminal
of the winding grounded to case by a metal
link between the two binding posts. Calibra-
tions are made at 100 ¢ in terms of a similar
inductor, certified by the National Bureau of
Standards. An individual calibration certifi-
cate, attached to the base, gives correetions
applicable at 200 ¢, 500 ¢ and 1 ke and other
pertinent data.

FEATURES: > High stability of inductance.
> Iree from mounting strains and humidity
errors.

> Inductance independent of voltage.
> Precisely adjusted and accurately
brated at specified room temperature.
> Iighly astatic, and electrostatically
shielded.

> Low and known temperature coefficient.

sali-

ICATIONS

Resonant Frequency: Sce table.

Maximum Input Power: I'or 20° (0. rise, 3 walls.
Tor precise work, 1.5° C. rise, 200 milliwatts. See table
for corresponding eurrent limitations,

Mounting: Aluminum eabinet with carrying handle and

rubber feet, black crackle finish, Certificate data at-

tached to hase of cabinet,

D-C Resistance: Scee table for approximate values, Terminals: Two insulated jack-top terminals, plus
Low-Frequency Dissipation Factor: At low [requen- ground terminal and strap,
cies, the dissipation factor (essentially from d-c resistance) Dimensions: 614" x 6157 x 8 height over-all,
is given approximately by D= K/f. See table for K. Weight: 1114 pounds,
e Nominal }:? o 0/ | ¥Resonant #N-C ‘ T Milliam peres
Nominal Limil Clertificate Fiaciorn | Posietinten K Gy Codad
':'".U)'Jf-‘ utietirnns Jff:: & Vilito re q:m neiyf resistance Walass _ rms for Word Price
% | % ke ohms | 200mw  Sw ond
1482-B 100 ph +0.25 (.10 3500 0.20 460 | 830 3200 | INDUCTOTAG $60.00
1482-C 200 ph +0.25 0.0 2150 (.39 410 ‘ 720 2800 INDUCTOTED 65.00
1482-D 500 ph =(L1 £0.05 1150 0.60 190 as0 2240 | INDUCTOTIM 65.00
1482-E 1 mh +(.1 0,05 700 1.06 169 430 LGSO | iNpucroror 65.00
1482-F 2 mh 0.1 40,05 620 2.20 175 300 1160 | ivpuerorus 65.00
1482-G 5mh (.1 +0.05 370 4.9 156 200 TS0 | iNpUCTOVAT 65.00
1482-H 10 mh +0.1 ERINIR 240 8.3 132 155 GO0 | ixpueTovex 65.00
1482-J 20 mh 40,1 40.0% 170 18.5 147 104 400 | INDUCTOWAD 65.00
1482-K 50 mh +0).1 0,03 92 46 146 66 235 | INDUCTOWET 65.00
1482-L 100 mh 0.1 +0.03 61 92 140 47 180 | inxpuerowta | 65.00
1482-M J 200 mh +0).1 £ 0.0 ’ 38 110 at 43 165 | INpUCcTOwWOw 75.00
1482-N | 500 mh +0.1 +0.03 27 340 108 24 94 | INDUCTOYAK 75.00
1482-P 1h +().1 =003 15,3 600 95 18 70 | INDUCTOYES 75.00
1482-Q 2h 0.1 40,03 10.2 1350 107 12 47 | INDUCTOBUG 120.00
1482-R 5h 0.1 +0.05 6.2 3500 111 D 20 | INDUCTOBIN 120.00
1482-T 10h | 01 40.05 4.3 8100 129 [ 5.0 19 | INDUCTOBAL 185.00

#Rlepresentative values. Actual values given un certificate.
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USES: The Tyrr 1481 Inductors have higher
low-frequency values of storage factor @ than
the Tyre 1482 Standard Inductors. They are
aseful at audio frequencies as standards of
self-inductance, although their accuracy of
adjustment is not so high as the Type 1482
Inductors, and, for some uses, allowance must
be made for their voltage coefficient of in-
ductance,

DESCRIPTION: These inductors are uniformly
wound toroidal units on molybdenum-perm-
alloy dust cores, identical in construction
with the toroids used in Typr 940 Decade
Inductor Units. The aluminum case affords
an electrostatie shield.

FEATURES: » Iligh storage factor @ — be-

INDUCTORS

TYPE 1481
STANDARD
INDUCTOR

230 and 300, maximum.

> () is greater than 1 down to 6 eycles.
> Inherently astatic.

> Flectrostatically shielded,

tween

SPECIFICATIONS

Accuracy: See table below. Aceuraey of adjustment is
mited to the change produced by a single turn of the

Nominal

ltmits, and current for 0.25%; change in inductance, are

winding, value of inductanee, with tolerance
engraved on the case.
Storage Factor, Q: Maximum initinl @ ix between 230

and 300. The plot of Figure 1

lissipation faetor (Il

shows the variation of
1 - : - ¢

( as a flunetion ol frequency for
)

initial permeability, i.e., with no hysteresis loss. Hystere-

si= loss for an r-m-s current [ in terms of [1 (see X:(Mw-,-
. 4

will add approximately 001 7 direetly to D.

Current Coefficient of Inductance: PPor cent change

in inductance as a function of is given in Figure 1,
1
page 64, where [ is the r-m-s operating current and /; the

current that would produce a 0.25° linear increase in L.

Fioure

DSUPATION FACTOR

1. Initial D versus frequency for typical units (D = 0). FiGure 2

R-M-8 Current,

\ominal I, for 0.2 3¢

Tupe I nductance Accuracy Lnerease in
{ nductor L % ma
1481-A 1 mh 39
1481-8B 2 mh \ 28
1481-C 5 mh 17
1481-D } 10 mh 12
1481-E 20 mh 8.7
1481-F 50 mh 5.5
1481-G 100 mh 3.9
1481-H 200 mh 23
1481-J 500 mh 1.7
1481-K 1h 1.2
1481-L 2h 0.87
1481-M | 5h 1 0.55

GENERAL RADIO

Le

Incremental Inductance: D-C bias will reduee the
initial inductance as shown in Figure 1, page 64
Frequency Characteristics: Per cent chunge in induet-
aunce with frequencey is plotted in Figure 2, holow,
Temperature Coefficient of Inductance: Approxi-
mately = 0.0025%, per dogree C, between 16° and 32° €.
Safe Operating Limits: (1) Maximum terminal volt-
(2) maximum r-ms=s current =
70 I;, whichever limit is pertinent.

Distributed Capacitance: Between 28 puf for the 1-mh
unit and 33 puf for the 5 h unit.

Mounting:
crackle.
Terminals: Jack top binding posts, one grounded to
case. A |-:1il' of double-ended |:lll}.’~ is furnished, for con-

age, 500 volts, r-1i-s or

Aluminum Case. External finish, black

nection to jack-top binding posts.
Dimensions: Cuse, (height) 355 x (width) 315 x (depth)
15¢ inches: over-all height, including terminals, 425

Net Weight: 14 ounces.

inches.

. Percent increase in Ly with frequency.

FRACTIONAL INGREASE AL/Lo IN PERCENT

Approx,

Resonant D’
Frequency fo Resistance Code
Q Word Price
040 0.043 INDUCTOBAP $24.50
660 0.15 INDUCTOSET 24.50
120 .25 INDUCTOSIG 24.50
$00 0.44 INDUCTOSOT 24.50
210 0.95 INDUCTOSUM ‘ 24.50
130 2.31 INDUCTOPAL 24.50
91 31 INDUCTOPEG 24.50
G4 72 INDUCTOPIT 24.50
1 - ¥ 4 INDUCTOPOD 24.50
28 10 INDUCTOIMUR 24.50
20 | INDUCTORAM ‘ 24.50
12.5 230 | INDUCTORED 30.00
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INDUCTORS

TYPE 107 VARIABLE INDUCTOR

USES: The Tyree 107 Variable Inductors find
their greatest uses in the laboratory as adjust-
able standards of moderate accuracy for
measurements of self and mutual inductance,

and as circuit elements in bridges, oscillators,
and similar equipment.

DESCRIPTION: Two coils, a rotor and a stator,
are mounted concentrically. As the position
of the rotor is changed the coupling between
the two coils changes, and the inductance is
varied.

In most models stranded wire is used, in
which the separate strands are insulated from
one another. The coils are impregnated and
baked in a high-melting-point material before
being securely mounted to the phenolie panel.

FEATURES: > Continuous adjustment of self
or mutual inductance. Direct reading in in-
ductance for the series connection of the coils.
Inductance for the parallel connection s
exuctly one-fourth the value shown by the dial
Total inductance range of approximately 25: 1.
> Rotor and stator may be quickly connected
in either series or parallel as a self-inductor,
or used separately as a mutual inductor.

> Rotor and stator inductances have been
cqualized so that losses are not appreciably
increased by circulating currents when the
]);Il':l”(‘] connection is used.

SPECIFICATIONS

Self-Inductance Range: See table below,
Mutual Inductance: See
or negative values of mutual induetanee ean be obtained.

table below. Either positive

The exact formula for the mutual inductance is engraved
on each individual instrument.

Calibration: The inductance for the series conneetion,
measured at 1 ke and aceurate within 4177 of full-scale
reading, is engraved on the dial., The inductance for the
parallel connection is within =£0.17; of one-fourth of the
series inductance.

The mutual induetance accuracy is
maximum mutual inductance value.
Frequency Error: Tl
with frequency will be f

3% of the

stional inercase in induetanee
where f is the operating fre-
quencey and fi the natural frequeney. Full-seale values of
Sfo are tabulated below. To o first approximation fi varies
inversely as the square root of the seale setting, The

ety | (" . ;
change of dissipation factor D = 0 with frequeney for

full-seale setting, series connection, is shown in the plot
!l(‘lll\\'.

Maximum Power and Current: Current for 15 watts
maximum dissipation, corresponding to a 10° CC temper-
ature rise, is given in the table below and is engraved on
the nameplate.

D-C Resistance: Sce table below. These sertes connec-
tion values are engraved on the nameplate. For parallel
conneections the resistance is closely )4 the tabulated
values,

Self-I nductance

Natural Frequency (ke)*

Terminals: Standard 34-inch spacing, jack-top binding
posts are provided which allow separate connections to
rotor and stator. Connecting links are \l]}b]»]il'll so thu
either a series or parallel connection of the rotor and
stator can be made available at a third pair of binding
posts,

Mounting: All units are mounted on phenolie panels
and enclosed in non-shielded walnut cabinets,
Dimensions: 64 x 614 x 8% inches high, over-all.

Net Weight: 5 pounds, all ranges.

IMc

Dissipation factor (2 = 1/Q) wversus frequency for
Type 107 Variable Inductors for the full-scale series
('l””l!'!'[i‘”tn

D-C' Marimum

= e, Mutual Resistance Current Code
Tupe Series Parallel I nductance Series Parallel Q a Word Price
107-J 9- 50 ph 2.25-12.5ph | 0-10.8 uh 3700 6500 | 0.05 16. HAREM $65.00
107 -K 90-500 ph 22.5-125 ph | 0-110 uh ‘ 1100 ‘ 1900 ‘ 0.38 6. HARPY ‘ 65.00
107 -L 0.9- 5mh |0.225-1.25mh | (~1.1 mh 360 620 1.6 1.7 ‘ HLAILIRY 65.00
107 -M 9= 50 mh 2.25-12.5mh | O-11 mh ‘ 120 210 ’ 32 0.65 HOTEL 70.00

107-N | 90-500 mh | 22.5-125 mh | 0-110 mh 35 | 60

* For full-scale setting.

410 0.15 | noven 70.00
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USES: Where an adjustable induetanece cover-
ing several decades is required these boxes
are particularly useful.

DESCRIPTION: The Tyre 1490 Decade Induc-
tor is an assembly of three or four Typrr 940
Decade-Inductor Units in a single metal
cabinet. The units have no electrical connec-
tion to the panel but a separate ground
terminal is provided which may be connected
to the “low” terminal of the smallest unit.

Percent increase in Lo with frequency.

.
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FREQUENCY KILOCYCLES

INDUCTORS

TYPE 1490
DECADE
INDUCTOR

SPECIFICATIONS

Frequency Characteristics: By vertical interpolation
in the accompanyving plot the percentage inerease in
effeetive series inductance (above the geometrie value
when f = 0) may be obtained for any setting of the non-
ground inductors,
Terminals: Jack-top binding posts.
Mounting: The deecades are mounted on an aluminum
panel in a metal eabinet.
Dimensions: 1490-A 123{ x 73{ x 54 inches over-all
height. 1490-B 1614 x 73_’{ x 519 inches over-all height.
Net Weight: Tyre 1490-A, 1514 pounds; Tyer 1190-B,
1914 pounds.

Other specifications are identical with those for the
Type 940 Deeade-Inductor Units.

Type Inductance Code Word . Price
1490-A | 1.11 h, total, in steps of 0.001 h. . . .| cLUMP $250.00
1490-B 11.11 h, total, in steps of 0.001 h. ... COACH 335.00

Note: The Tyre 1432 Decade Resistor and the Tyre 219 Decade Capacitor can be found on pages 40 and
506 respectively,

TYPE 940

USES: The Tyre 940 Decade-Inductor Units
ire convenient elements for use in wave filters
and tuned ecireuits throughout the audio and
low radio-frequency range. As components in
oscillators, analyzers, and similar equipment,
they are especially useful during the prelimi-

DECADE-INDUCTOR UNIT

nary design period when the ability to vary
circuit elements over relatively wide ranges is
necessary to determine optimum operating
values. As moderately precise standards of
inductance they have values of low-frequency
storage factor @ which are much larger than
can be obtained with air-cored coils.

DESCRIPTION: Each unit is an assembly of
four toroids wound on molybdenum-permalloy
dust cores. All four coils (relative values 1, 2,
2. 5) are connected in series, and the switch
short-circuits combinations of the coils to
give the eleven successive values from 0 to 10.
The switch blades are beryllium copper with
palladium-alloy stud contacts to decrease
both contact and volume resistance.

FEATURES: > Iligh values of storage factor @
are obtained in all models, with maximum
values above 200.
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INDUCTORS

> Toroidal construction practically eliminates
any external magnetie field, and makes it
possible to stack the coils elosely without
errors from mutual inductance. The toroids
are nearly astatic to external magnetic fields.

> Fleetrostatice Shil'ltlill'_f and nlt‘('lmlli«':l] pro-
tection are furnished by the aluminum frame
and covers.

> Moisture is kept from the windings by wax
impregnation.

SPECIFICATIONS

Accuracy: Iiach unit is adjusted so that its inductance
woand initi

nominal value within the necurney toleranee given in
the following table:

at zero fregue permenbility will be the

Inductance per step 1mh 10 mh 100 mh 1h

Acenracy E29% | £19% | £0.5% | £0.25%

Frequency Characteristics: IFor any specific operating

frequency, Figure 2 shows the pereentage inerease in

effective series inductance (above the geometric value
when f 0) which 15 encountered with the extreme set-
Iinux of each of the four Decade Induetor Units when the
chassis s flonting. Vertieal interpolation may be used for
intermedinte xettings,

Froune 1. Pereent change in normal and ineremental
inductance with a-¢ and bins current. Ineremental curve
is limited to an a-c excitation less than /[y,

“ &

e o =

AL/ Ly N PERCENT

Change in Inductance with Current: Iractional
ehange in imtial induetance with a-e current for ench size
of toroid i shown in the normal eurve, Figure 1, in terms
of the ratio of the operating eurrent [, to [y, the eurrent
for 0.25% echange. or ratios below unity, inductance
change is directly proportional to current. Values of [,
listed below are approximate and are based on the largest
inductor in circuit for each setting.

: : . RMS [y () for 0.259% Increase
Switeh Setting

O40-A 910-B HO-C 940-D

1 34 12 3.9 1.2
28 ST 2.8 (.87

S0 10 17 2.9 1.7 .55

Incremental Inductance: D-(' hias curr

duce the inttinl inductance as shown in the

it 1, will re-

ineremental

curve, Figure 1,
Dissipation Factor: See Figure 3.
D-C Resistance: G0 ohms/ henry for Typr 910-A, 45

Tupe Induectance
n

940-A
940-B 0.1
940-C 1
940-D 10

h in 0.01
hin 0.1
hinl

0.01 h in 0.001 h steps....
h steps. ...
h steps. ...
h steps. ...

Fraune 2. Percent increase in Lo with frequency.

AWi
il
5a0m

i

FRACTIONAL INCREASE AL/Lo IN PERCENT

FREQUENCY KLOCYCLES

ohms henry for Tyres 940-B, C, D.

Temperature Coefficient: Approximately —0.00257;
per degree C between 16 and 32° C.

Maximum Voltage: 500 volts rms. The switeh will
break the eireuit at 500 volts if turned rapidly to the new
setting, but voltages above 150 may easuse destructive
arcing if the switeh is set between detent positions.
Maximum Current: 70 times the pertinent [y value
Terminals: Soldering lugs are provided. Circuit insu-
lated from chassis,

Mounting: Iach decade is complete with dial plate,
knob, and mounting screws.

Dimensions: (Width) 74 x (height) 3'4 x (depth be-
hind panel) 314 inches, over-ull.

Net Weight: 315 pounds.

canranioh racron

Froure 3. Varation of dissipation factor for the full

value of each inductor. Dashed eurves correspond to use
with chassis floating.

Code Word Price

INDUCTOANT $72.00
INDUCTOBOY 70.00
INDUCTOCAT 72.00

82.00

INDUCTODOG

Nove: Tyrk 510 Decade-Resistor Unit and Tyre 380 Decade-Capacitor Unit are listed on pages 41 and 57
resg ectively.
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IMPEDANCE-MEASURING INSTRUMENTS

METHODS

For the measurement of all types of imped-
mnee, resistive or reactive, inductive or capaci-
ive, at frequencies well up into the u-h-f band,
mill methods have ]H'n\'!'(l to be the most
weeeptable on grounds of both precision and
convenienee. NMost of the null methods used
from d-¢ to radio frequencies of the order of
100 megaceyeles are adaptations of the funda-
mental Wheatstone bridge cirenit, although
other types of networks which can be adjusted
0 give zero transmission for a particular
onfiguration of cireuit elements are some-
times used. Other systems, usually resonant
drenits, using deflection-type instruments
iso have advantages for certain applications,

\t very high frequencies where impedances
ean no longer be treated as lumped elements,
coaxial-line techniques offer greater promise
than bridge circuits made up of lumped ele-
ments, and null methods employing these
techniques have been developed.

DIRECT-CURRENT BRIDGES

['he so-called Wheatstone bridge, Figure 1,
hus been used for over a century for the meas-
wrement of direet-current resistance and is
still considered the fundamental ecircuit for
the purpose. It measures an unknown resist-
ance in terms of calibrated standuards of
resistance from the relationship

R4 R~

Rg Rp
which is satisfied when the voltage across the
detector terminals is zero. The ultimate accu-
rey of the measurement is thus determined
by the accuracy of the standards, and is
not limited by the readability of a deflecting
mstrument.

The General Radio Company manufac-
tures three d-e bridges using the fundamental
Wheatstone circuit of Figure 1: (1) the T'yer
650-A Impedance Bridge, which includes a
{-¢c resistance measuring circuit with a d-¢

(1)

Lefty Ficere 1. The
genernl Wheatstone
bridge circuit. (Righl)
Ficunre 2. Circuits for
capacitance bridges in
which like reactances,
Cy and Cp, or unlike
reactances, Ly and Cp,
are c'nuljmrwl.

galvanometer as the detector; (2) the Tyrr
54-B Megohm Bridge. designed for the mesns-
urement of very high resistances, in which the
necessary sensitivity is obtained by using as
a detector a vacuum-tube voltmeter with
extremely high input resistance; and (3) the
Typr 1652-A Resistance Limit Bridge, de-
signed primarily for production testing, but
also capable of laboratory resistance measure-
ments over a wide range. All three of these
bridges are direct reading in resistance,

ALTERNATING-CURRENT BRIDGES

The basie circuit of Tigure 1 is also applic-
able to a-¢ measurements. With impedances
substituted for resistances, two conditions of
balanee must be satisfied simultancously, one
for the resistive component and one for the
reactive component. The fundamental equa-
tions of bhalance ean be written in either of the
following forms:

[l'._ —,—-_,I.,\"\ - Z:ZI')-IK '«2)
Gy + jBy = Y4Y¥pZn

Equation (2) is most convenient when it is
desired to express the unknown in terms of its
impedance components, while Equation (3)
is used when the unknown is considered in
terms of its admittance components. In order
to satisty these equations, one ol the three
arms A, P, or B must be complex.

The reactance Xy can be measured in terms
of a similar reactance in an adjacent arm. Of
the bridges deseribed on the following pages,
Types 716, 740, 1611 and 650 use this method
for the measurement of capacitance, while
Typrr 667 uses it for the measurement of in-
ductance. In the Tyre 1604-B Comparison
Bridge this method is adapted to the rapid
measurement ol resistors, capacitors, or in-
ductors by comparison with a standard

sample. The reactance of the unknown ean
also be measured in terms of an unlike re-
actance in the opposite arm. The Tyrr 650
measures inductance in this manner, using a
capacitor in the opposite arm as the standard.
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BRIDGES

Resistive Balance

methods are in common use.
These are (1) resistance in series with the
stundard reactance, (2) resistance in parallel
with the standard reactunee, (3) l':np:u‘ihml'(‘,
in parallel with a resistive wrm and (1) capaci-
tance i series with a resistive arm

I'HI}I' });;~E<'

The series resistance method (1) is used in
the Types 7T40-B, 1611-A, 667-A, and 650-A.
I'he }ml::“vl resistance method (2) is used for
irenits i the T'yre 650-A. The
parallel eapacitance method (3) is used in the
'yers 716-C, 1601-A, 916-A, and 916-AL. As
used in the Tyer 716-CC the circuit 18 com-
monly referred to as the Schering bridge, with
the controls calibrated in eapacitance and
dissipation factor. The cireuit used in the 1601
and 916, although similar in configuration, is
used in oo different manner, with the controls
calibrated in terms of resistance and reactance.

<Omaoe ol 1!1v' «

Dissipation Factor and Storage Factor

\n mportant characteristic of an induetor
or a capacitor 1s the ratio of resistance to re-
actance or of conductance to stsceptance.
This ratio is termed dissipation factor, D,
and its l‘(-ri[)l'u(':ll 18 storage factor, (). These
ratios are defined as follows:
ol _B_0G . X B .
IRBHEEEF NHFE=R=g W
where R and X are the series resistance and
reactance, and & and B are the U:ll’:l”t‘l con-
ductance and susceptance ol the iln!lc'!lullt'c'
or admittance involved lh“‘l]'.‘l:'ﬂ'll factor i1s
dissi-
;l:\h'vi_ and storage factor to the cnergy \h-r'ml‘
per evele The relation of these factors to
phase angle and loss angle is shown in Figure 4.

1

direetly  proportional to the energy

I = 7 = cotf = tan 8 (5)
"
Power factor is defined as
P.F cos # sin B ()
and differs from dissipation factor by less than

when their values are less than 0.15

Dissipation factor is commonly used for

TN 3. Your basie n of obtaining resistance

D* cot6s 3o

Power Faclor=
cosfn -g—

X_8B
Q= tan &= R G

Fioune 4. Vector diagram showing the relntions

s ana o

between factors D and Q, and :

capacitors and, to a lesser extent, for inductors
because 1t varies |lil'(‘('|].\ with the loss. Storage
factor @ is often used for inductors because
it is a measure of the voltage step-up in a
tuned cirenit.

The bridee control for the resistive balunce
can be calibrated in dissipation factor, or in
storage lactor, for a :i'.un ll'-w[n««n«T 'Hw
Typrs 740 and 1611 have dials calibrated in
t““i])ullinll factor at GO eveles, and the Type
716 1s direet reading at 100 eveles, 1, 10 and
100 i\i[nv_\'n'lvx, The Tyrr 630 reads 'l)l't'n‘ll}'
the dissipation factor of capacitors and the
storage factor of inductors, at 1000 eycles.

OTHER NULL TRANSMISSION NETWORKS

The Twin-T

In addition to the bridge cireuits deseribed
above there are a number of other networks
which can be adjusted to give zero transmis-
sion. One of these, the Twin-1" or Parallel-T

DETECTOR

66 GENERAL

RADIO COMPANY

File Courtesy of GRWiki.org



lustrated in Figure 5, has proved to be of
sreat value for admittance measurements at
high radio frequencies. This circuit is used in
the T'yre 821 for impedance measurements
from 0.5 to 40 megacyeles.

In this eircuit the conduetive component of
the unknown is measured in terms of a fixed
resistance and a variable capacitance, thus
avoiding the errors inherent in variable re-
sistors at high frequencies.

The Admittance Meter

The upper-frequency limit of conventional
bridge circuits using lumped-parameter ele-
ments is determined by the magnitude of the
residual impedances (see page 68) of the ele-
ments and leads, and, in general, the correc-
tions for these become unmanageable at
frequencies higher than about 150 megaeyeles,
ind eireuits based on coaxial-line techniques
are more satisfactory.

The Tyrre 1602-B U-H-I' Admittance
Meter, shown in Figure 6, is a null device
hased on these techniques. Through adjust-
able loops, it samples the currents flowing in
three coaxial lines fed from a common source
it a common junction point. The outputs of
the loops are combined, and when the loops
are properly oriented, the combined out-
put i)(‘('“"l('.‘ Zero, SO ‘Il.'l‘ a “H” ":ll-'l“("' 1\
l)rnllll('ml.

Figure 6 shows the functional arrangement
of the admittance meter with standards con-
nected. The standard conductance, G,, is a
resistor having a value equal to the charac-
teristic impedance, Z,, of the line, and the
standard susceptance, jB,, is an adjustable
stub which s set to one-eighth or three-
eighths wavelength at the operating frequencey.

Since the voltage from the gencrator is
common to all three lines, the sending-end

Froore 6. Schematic di

gircuit, with

n of admittance meter

standards, generator, and null detector
connected for admittance measurements.

.j-‘/l;/:_\. It follows that these three

BRIDGES

current in each line is proportional to the
sending-end admittance. This admittance is
Y, for the line terminated in the unknown,

: 3 -
G, = 7 for the line terminated in the stand-
ard conductance, and 7B, = ;'.] for the
S “Zo

line terminated in the eighth-wave stub.

The induced voltage in each loop is propor-
tional to the mutual inductance (W . AU,,. ol
M), and to the current in the corresponding
line. Thus, the induced voltage in the loop
associnted with the unknown admittance is
proportional to the produet,

”\ )\ T ” ‘\‘(I"\ )” X ])"\: LT]
the induced voltage in the loop associated
with the standard conductance is propor-
tional to the product, M;Gs; and the induced
voltage in the loop associated with the stand-
ard susceptance 1S pr port ional to the ]H'm]ll(':.
induced
voltages add up to zero when the couplings of
the three loops have been adjusted to have

. a . Mg
the following relations: Gy = — -+~ (s, and
M x
.ll 173
By = 1/ = Bs. Gs and Bg are constants, so
- X

the Mg seale can be ealibrated in terms of Gy,
the .\/,; scale in terms of B X and the M \ seale
in terms of a multiplying factor to be applied
to the other two seale readings. Since cach
coupling can be varied through zero, the two
balance equations show that the l|u‘l-;'('li(':xu_\'
measurable ranges of conductance and sus-
ceptance extend from zero to infinity. How-
ever, the percentage accuracy ol reading the
scales naturally decreases as the position of
zero coupling is approached, and the 0.2 mil-
limho to 1000 millimhos range is found prac-
tical for reading and setting,

The loops associated with the unknown
admittance and the standard conduetance can
each be rotated through an angle of 90°%, but
the loop associated with the standard suscep-
tance is arranged to be rotatable through an
angle of 1807, thus allowing the measurement
ol ;nnili\‘v as well as neeative values of un-
known susceptance with a single susceptance
standard.

A unique feature of the U-H-F Admittance
Meter, which distinguishes it from bridges and
other null devices, is that the susceptance
scale, as well as the conduetance scale, is inde-
]wlull'nl of frequency. This comes about
because the stub that forms the susceptance
standard is always adjusted to one-eighth or
three-eighths wavelengths at the
frequency and therefore
susceptance at

operating
presents the same
all frequencies.
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Slotted Line

One of the important basic measuring
instruments used at ultra-high frequencies is
the slotted line, which can be used to deter-
mine the characteristies of an unknown imped-
ance from the change in the standing-wave
pattern of the electrie field in the line pro-
duced by connecting the unknown to the load
end of the line. The Tyrr 874-LB Slotted
Line, a precise, inexpensive instrument, with
an operating range of 300 to 5000 megacycles
is described in the section on U-H-F Coaxial
IKlements, page 122 et seq.

VACUUM-TUBE BRIDGE

Using a null transmission civeuit, the Tyrr
561 Vacuum-Tube Bridge measures three
fundamental vacuum-tube parameters: ampli-
fication factor, transconductance, and plate
resistance. Each of the three coeflicients is
obtained in terms of the ratio of two 1000-
evele test voltages., A third voltage isused in a
capacitance balancing circuit.

RESONANT-CIRCUIT INSTRUMENTS
R-F Capacitance Meter

For the measurement of capacitance at one
megacyele the Type 1612 R-I7 Capacitance
Meter has the advantages of speed and sim-
plicity. It is essentially a resonant-circuit
instrument, consisting of a one-megacycle
oscillator, loosely coupled to a measuring cir-
cuit that consists of a calibrated capacitor, an
inductor, a crystal rectifier and a micro-
ammeter. Measurements are made by a
substitution method in which the calibrated
capacitance is reduced to re-establish reso-
nance after an unknown ecapacitance is
connected.

ERRORS

A bridge circuit provides a comparison of
two impedances, an unknown and a standard.
It does not provide an absolute measurement.,

'he possible error in the measurement is
always greater than the error in the standard
itself by the errors in the other bridge arms
entering into the comparison. If, for instance,
the error in the standard and in each of the
two ratio arms is #=0.19, there can then ocew
in the most unfavorable case an error of
+0.39, in the measurement. This accuracy
limitation is common to all direct-reading
bridges in which a result is obtained from a
single balance of the bridge.

Substitution Method
The errors in three of the bridge arms can
be eliminated from the measurement through
the use of a substitution method in which the
unknown impedance is connected in  the
stundard arm. T'wo readings of the standard

Ficure 7. The substitu-
tion method (shown for
4 capacitance measure-
ment with a Schering
bridge) reduces the
error 1o l‘\-('}l‘i:l“) the
accuracy with which the
capacitance difference
between two settings of
the standard capacitor
is known.

are required, one with the unknown discon-
nected and another with it connected. With
an error in the standard of 0.1, the maxi-
mum error of measurement is #4=0.29.

Residual Impedances

The bridge equations derived from Equa-
tion (1) presuppose an accurate knowledge of
the behavior of the impedances in each arm.
No impedance element, however carelully
constructed, is entirely free from residual
impedances. Resistors have series inductance
and shunt capacitance. Inductors have rela-

Fraunre S. Schematie representation of capacitance, inductance, and resistance standards, showing the most important
I I

residual impedances. The ohmic resistunce and inductance of the stacks and leads of the capacitor (leff) are repre

sented by series resistance and inductance, while the dielectric losses are represented by a shunt conductance. For an

inductor (center

. the copper losses consisting of both ohmie resistance and eddy currents, and the distributed capaci-
&3 A I

tance with dielectric losses are the important residuals. A resistor (right), to a first approximation, is represented by
an inductance in series, and a capacitance in shunt.

68 GENERAL RADIO COMPANY

. File Courtesy of GRWiki.org



tively Tnrge series resistance and shunt capaci-
tance. liven air eapacitors, while more nearly
perfect than other impedance standards, have
resistive and induetive residual impedances.
\ll of these extra impedances must be in-
cluded in the values used for caleulation in
order to avoid error, The over-all residuals are
greatly incrensed by the various connections
forming the bridge cireuit.

Shunt capacitance across the various arms
15 un im|)m'1:ml source of error even at audio
“'I‘I!Hl'lll'ii“. \\Iill']l 1'?1!):“'“:”]('(' OCCLUrs across
a resistive arm, its effect on the resistive com-
ponent of balance varies directly as the mag-
mtude of the capacitanee and divectly as the
operating frequency. ISrrors arising from this
source account lfor the large differences be-
tween the listed errors in dissipation factor
given for I'ver 650 and Types 740 and 1611
Bridges. Typr 650 not only operates at a
higher frequency but has unavoidable switeh-
ng <-:1[}.'u'ilzmr'w‘,~ because it is designed for
sueh o great variety of measurements.

Shunt eapacitance across o reactive arm is
also serious. In the Tyer 667-A Inductance
Bridge, for instance, the capacitunce waeross
the unknown terminals inereases the error in
the measured inductance from +£0.297 1o
+04% on the highest multiplier. Typical
capacitanees aeross the UNKNOWN termi-
nals of General Radio bridges are:

W TIB0 . o i suis s | puf
Tyew T40-B... oo ameins 3 upf
Tyre 650-A. .. ........ 10 ppd
Tyre 1010=A. . ovv v 0 ppf

In the Tyree 1611-A this capacitance is effee-
tively made zero, and its dissipation factor is
eliminated by introducing across the detector
terminals o voltage whose magnitude and
phase is equal to the bridge unbalance \'n]luj_’,l'
eatised by this zero capacitance. Thus the
bridge is made direet reading in capacitance
and dissipation factor down to zero.

In the Tyre 916-A Radio-I'requencey Bridge
and the T'yer 1601-A V-H-I' Bridge, the
equivalent shunt eapacitance across the re-
sistance arm has been reduced to less than
0.4 puf. This residual capacitance does not
affect the resistive balance, and affects the
reactance bulance only slightly at 60 Me; all
other stray capacitances are cither incorpo-
rated into the bridge arms or, by means of
shielding, placed aceross the generator or de-
tector terminals where they become harmless.

At high radio frequencies the limiting resid-
ual impedance has been found to be the
residual induetance of variable air capacitors,

BRIDGES

Thus, in the Tyrr 916-A Radio-Irequency
Bridee, the residunal inductanee of the resist-
ance balaneing capacitor is the limiting factor
on the upper [requency range of the bridge,
in so far as the bridge elements themselves
are concerned. In the Tyer 821, on the other
hand, the residual inductance of the suscep-
tance balancing capacitor is the factor which
determines the upper frequency limit at which
aceurate measurements ean be made,
Residual series inductance in bridege arms
is ordinarily negligible at audio frequencies,
except in measurements of very small in-
ductors. The Tyer 667-A Inductance Bridge
uses T'yee 668 Compensated Decade Resistors
in order to avoid change in residual inductance
as the resistance is varied. At radio [re-
l|1|l'H{"IL'ri the effeet of induetance is much
more serious, and variable resistors are not
generally used above a few megacyeles.

SHIELDING AND GROUNDING

The readings of any bridge should he sensi-
bly independent of its surroundings and the
position of the operator. To satisfy these con-
ditions, bridges are completely surrounded
by a grounded shicld, and care is taken to use
either grounded or insulated shafts on all
controls. It is ulso common practice to ground
the junction of the unknown and standard
arms 1o this shield, Residual capacitances of

Fraunre 9. Showing ‘n«- shielding of the unl nown arm in
the Tyee 916-A Radio-Frequeney | In this
assembly the innermost shield localizes the variable stray

capacitance of the rotor of ', and prevents it from
fulling across (", where it would cause interlocking of
the settings of the two capacitors. The middle shield
throws the stray capneitances of the two capacitors 1o
the vight<-hand corner of the bridge, while the outermost
,\||'n-5-5 p!:n'n-« thie l‘:1|r:ll‘il:l|||‘(' of the right handd corner
aeross the generator, where it 1= harmless,

This puts the capacitance from the ounter shield o
ground across the N artm of the bridge. Actually, the

physical arrangement of the bridge is such thut this
arm, with only a

capacitance constitutes the bri

trimmer eapacitor connected across it to correct for
small varintions between instruments.

UNKNOWN

b
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the f»!‘lt]'_‘d' arms to the shield are M:l('("l ACTOSS
the two arms thus grounded. Although a
relatively large error may be introduced by
these capacitances, it can often be e¢liminated
by an initial zero reading or by making the
residual eapacitance part of the capacitance
standard. A bridge with one unknown termi-
nal grounded in this manner will measure the
“total impedance” of the unknown, which
includes the impedance to ground of one of
its terminals. The Tyres 716, 1611, 916, and
(67 are of this type, placing one terminal of
the unknown at ground potential. 1f, on the
other hand, neither of the unknown terminals
is grounded, the bridge will measure the direct
impedance connected across these terminals,
provided that the terminal impedances to
ground are large compared to the bridge arms.
Tyres 650 and 740-B have neither unknown
terminal grounded and hence measure direet
impedance. Under certain conditions, how-

of the

£ arrangement

» ratio arms with

their comper ng  capacitor, dissipation factor

tpacitor iput transformer are mounted on

insulated suby

i wnnd completely shielded, The shield
is conneected to the junction of the ratio arms, thereby
placing its capacitance to ground across the detector
terminals,

I'he shield around each transformer winding is con
nected 1o the winding, eliminating the terminal capaci-

taneces. A third shield, between the winding shields, is

CONIQ to the junction of the ratio arms, The capaci-

tween the t | und the secondary winding

s thus place v right-hand ratio arm, and

'
s effect can be eliminated in the initial balance. Simi-
wrly, the eapacit e between the primary shield and
the interwinding across the detector terminals
and does not affect the balunce.

No capacitances are placed across the standard and
unknown arms other than that of the leads and of the
panel binding posts. The small amount placed across the
stundard enpacitor is taken into account in the ealibra-
fion, while that across the unknown terminals is less

than one micromierofarad

ever, the Typre 650 ean be adapted for meas-
uring grounded impedances, and the Typg
1611 for measuring direct impedance. The
Typr 544-B Megohm DBridge can be con-
nected either way and ecan, therefore, measure
either total or direct resistance.

Shielded Transformer

The bridge balance should be independent
of the type of generator and detector used
This condition can be met by the use of a
shielded transformer, such as the Tyre 378.
One transformer winding is connected be-
tween two opposite corners of the bridge,
neither of which is grounded. For bridge
balanees, the small, constant, and known
terminal capacitances of the transformer are
then substituted for the large, variable, and
unknown capacitances of the generator o
lli‘lt'l'hll

GUARD CIRCUIT

With the addition of a fifth point
ventional four-arm bridge network, it be-
comes possible to measure the direct imped-
ance between two points of a three-terminal
network. Such a network is shown in Figure
11, with impedances between the fifth point
and each of the four corners of the bridge
It can be shown that the network is in balance
if either of the following conditions are met:

A B I

NPT H (1

A_N_S8 i

BT 0

“A Guard Cirenit for the Capuvcitanes Bridge,"”
Ivan O, BEaston, General Radio Eeperimonde Angust, 1952,

O a con-

Fraoure 11, Ceneral bridge network with guard cireuit,

and unknown three terminal impedance,
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Elementary schematic eircuit diagram of the Tyre 716-1’4 Guard Cirenit connected to the Tyre 716-C

Capacitance Bridge showing the unknown ecapacitance and its terminal impedances.

t)f»\iuu,d}' these conditions include the
rdinary equation of balance of the four-arm
network A-B-N-P.

[Figure 12 shows the schematie diagram of
the Tyre 716-P4 Guard Cireuit, designed
specifically for use with the 716-C Capaci-
tance Bridge. In this circuit the guard point
is brought to ground potential, as is the de-
teetor terminal. This particular type of guard
eircuit has been frequently referred to in
hterature as a Wagner Ground.

The use of the Guard Cireuit permits the
aecurate measurcment of the dirveet capaci-
tance and dissipation factor between two
terminals of a three-terminal network., One
of the most important applications of such a
measurement arises in the determination of
the properties of dielectric materials. A guard
electrode, which forms, with the two measur-
meg electrodes, a three-terminal system, is
often employed in such determinations to
eliminate effects of variable lead parameters
as temperature or other conditions are
changerl.

DETECTORS

To obtain the maximum precision of
bulance with any bridge or null-balance
areuit it is necessary to obtain a \’il‘lll:l“)'
complete null balance. With modern vacuum-
tube circuits, however, sufficient sensitivity
an be obtained to utilize all the ])()l('llliul
precision of any null-balance network.

In some bridge circuits the balance is de-

pendent upon frequency, and the value of the
unknown impedance usually varies with fre-
quency. Consequently, the presence of har-
monics in the input to the bridge or their
production in a non-linear impedance within
the bridge may obscure the fundamental
balance. A null balance may also be masked
by the residual noise level of the oscillator and
amplifier used. For these reasons it is usually
advisable to employ a selective detector,
tuned to the frequency at which it is desired
to balance the bridge.

Avudio and Sub-Audio Frequencies

.\l :lll(lit) !’l'('tlll:'n('i(‘.\‘_ Iln- ('Ull\'(-nli(m:\l
detector is a vacuum-tube amplifier. Where a
visual indieation of balance is desired, as is
necessary at I1'¢~(|Il(‘n('i(*.\' below about 300
eveles, a rectifier-type voltmeter or a vacuum-
tube voltmeter can be substituted for the
head telephones.

The Tyrr 1231-B Amplifier and Null De-
tector }lll»‘ il |):ant‘| meter \\lli('h can be llsmi
as a self-contained null indicator. This in-
strument can also be made selective by the
addition of the Tyrs 1231-P2, -P3, and -P5
Tuned-Cireuit Filters.

The Type 1212-A Unit Null Detector is
somewhat less sensitive than the Tyer 1231-B
but covers a much wider frequency range. It
is usable up to 5 megacyeles and has an ap-
proximately logarithmic response. Both in-
struments have terminals for earphones.
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The Tyrr 736-A Wave Analyzer and the
Typrr 760-A Sound Analyzer, in conjunction
with an amplifier, are also very satisfactory
selective bridge detectors. The wave analyzer
is particularly useful when extreme selectivity
at the higher audio frequencies is required,
while the sound analyzer provides good
selectivity at low audio frequencies. Tor
measurements over a wide range of frequen-
¢ies, these instruments have the advantage of
being continuously variable in frequency.

Radio Frequencies

At radio frequencies, any well-designed
commercial radio receiver can be used. Ear-
phones, a loudspeaker, or a meter can be used
as the actual balance indicator. Sinee tuned
radio-frequency devices are inherently selec-
tive, the problem of radio-frequency har-
monies 1s not significant. The receiver should
preferably have an r-f sensitivity control and
provision for disconnecting the a-v-¢ eircuit,
in order to facilitate the approach to balance.

Ultra-High Frequencies

The ordinary communications receiver can
be adapted for use at ultra-high frequencies
by using a Tyre 874-MR Mixer Reetifier and
a local oscillator (such as the Typr 1208, the
Tyrr 1209, or the Tyre 1215 Unit Oscillator)
to convert the signal to a lower frequency
within the range of the receiver.

A better detector for use in the system is
the Tyre 1216-A I-I' Amplifier, which has a
pass band of one megacycle at 30 megacycles.
The wide pass band does not impose such
severe restrietions on the frequency stability
of the generator as does the 10-ke pass band
of the communications receiver,

SENSITIVITY

The precision to which a bridge can be
balanced depends primarily upon the voltage
applied to the bridge and the sensitivity of
the detector. It also depends upon the ratio
of impedances of the two arms across which
the generator is placed and the ratio of the
impedance of the detector to the bridge
impedance.

If the generator is connected across two
similar bridge arms, the ratio of output volt-
age to input voltage is

where |Z,| and |Zg| are the absolute magni-
tudes of impedance of the arms across which
the generator is connected, and d is the [rac-
tional precision desired in  balancing the
reactive component, or the minimum value
of dissipation factor to be detected.

If the two bridge arms across which the
generator is connected are not alike, but one
is resistive and one reactive, the equation
becomes

Zi4 |
I'A'N - ‘ZH !
B 44 o ©)

7

Both expressions are developed on  the
assumption that the impedance of the detector
is high compared to that of the bridge arms.
When the input impedance of the detector is
not high compared to that of the bridge, the
sensitivity can be easily determined by apply-
ing Thevenin’s theorem.

1

Gr—
>

A

From the above equations and the known
input voltage, the output voltage correspond-
ing to a given value of d can be calculated.
The ratio of this voltage to the minimum
voltage which will actuate the detector is the
amplification required.

As an example, consider the Tyrr 716
Capacitance Bridge. For equal ratio arms at
1 ke, about 20 volts can be applied to the
bridge from the usual laboratory audio oscil-
lator. To make a capacitance balance to
+40.19, demands the detection of 5 mv. To
make a dissipation factor balance to =40.00005
requires a sensitivity of 250 wpv. The first
voltage is easily within the range of earphones
without an amplifier, while the second usually
is not. Either the Tyre 1231-B Amplifier and
Null Detector (25 uvolts for 109, deflection)
or the Typrr 1212-A Unit Null Detector (200
pvolts for 109 deflection) has more than
adequate sensitivity for the dissipation factor
measurement, without resort to earphones.
Now suppose these same measurements to be
made on a 1 pf capacitor for which the ratio
arms must be 1000 to 1. With either null de-
tector, the meter cannot balance for dissipa-
tion factor to this precision, so that carphones
must be used to obtain the required sensi-

|Z 4| e .
-~ tivity. The use of earphones where precise
E 7 : : v I
ol SHBS .  — | (8) balance is required has the additional advan-
E; |+ Zia )' tage of permitting aural diserimination against
|Za background noise.
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POWER SOURCE

The main considerations in the selection of
a power source for a-c¢ bridge measurements
are frequency stability, power output, and
harmonic content.

The Typrs 740-B and 1611-A are designed
for 60-cycle measurements and operate di-
reetly from the a-¢ power line. The Tyre
650-\ has o self-contained 1000-cycle micro-
phone hummer, or the Tyre 650-1 Amplifier-
Oscillator, and no external oscillator is re-
quired unless it is desired to make measure-
ments at frequencies other than 1000 cyeles.
All the other bridges deseribed in this section
require some type of external oscillator.

For single-frequency measurements at 400
and 1000 e¢yeles, the Typr 723-C Vacuum-
Tube Fork is satisfactory provided the power
requirements are low.

When a highly precise balance is desired,
more power is required than can be furnished
by oscillators of the type mentioned above.
For measurements at 1000 eyeles and 400
eveles, the Typr 1214-A Unit Oscillator is
recommended. When a continuously variable
frequency is needed the Typr 1301-A Beat-
Frequency Oscillator or the Tyee 1302-A
Oseillator is recommended.

['or measurements at radio frequencies with
he Tyre 916-A and Tyee 916-AL Radio-
Frequency Bridges, or the Tyre 821-A Twin-T
[mpedance-Measuring  Cireuit, the Type
1330-A Bridge Oscillator or the Tyrr 1211-A
Unit Oscillator should be used. For driving
the Tyre 1601-A V-H-F Bridge and the Tyre
1602 U-IT-I' Admittance Meter, the T'yres
1208-A, 1209-A, and 1215-A Unit Oscillators
are convenient power sources.

Modulation

For radio-frequency measurements, it is
preferable that the power source be unmaodu-
ated. Distortion in the modulating svstem,
frequency modulation, and assymetrical side-
band cutting in the receiver can produce
ippreciable errors in the balance point, In
addition, maximum sensitivity is obtained
with an unmodulated signal and an oscillating
letector.

CONNECTIONS

To achieve maximum freedom from electro-
static pickup, it is desirable to use shielded
leads between generator and bridge and be-
tween bridge and detector. At audio and low
radio frequencies the reactance of the leads
and fterminals is unimportant, and electro-
static shielding is all that is necessary to pre-

BRIDGES

vent the introduction of extraneous voltages
into the detector or the unknown impedance.
At frequencies above a few megacyveles, the
reactance of the interconnecting leads also
becomes a potential source of error, This is
illustrated by the block diagram of Figure 11.

The small series inductance in the ground
side of the generator cable is designated as
L, similar inductances in the receiver cable
and the common ground lead as Ly and L.
The voltage drop in L; produces a flow of
current around the loop consisting of the
cable sheath, the eround lead, Ly, and the
ground capacitance of the oscillator. Similarly,
current flows in the right-hand loop that in-
cludes L.

The voltage applied to the receiver has,
therefore, two components, one from the
bridge, the other from the drop across L.
When a null point is reached, therefore, the
bridge is out of balanee by an amount neces-
sary to cancel the effect of the extrancous
voltage from Ly, that is, to make the veetor
sum of the bridge output voltage and the
extrancous voltage equal to zero.

The error in measurement caused by this
series inductance is one of the most serious
encountered in null measurements at radio
frequencies, but it can be avoided if coaxial
terminals are used on both generator and
receiver.

The Tyres 016-A, 821-\, 916-AL, 1601-A,
and 1602-A are equipped with Tyri 871 Co-
axial Terminals, and coaxial leads are supplied
with these instruments to plug into the
oscillator and detector.

CLASSIFICATION

The table on the next two pages briefly sum-
marizes the operating ranges, accuracy, and
other pertinent data regarding the bridges
listed in this section. From this table the most
suitable instrument for any given measure-
ment ean be determined at a glance, while
detailed  specifications for each bridge are
given on the following pages.

Frovre 13, Showing how series inductance in the gener-
ator and detector leads ean eause errors in mensurement

at radio frequencies.,
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BRIDGES AND OTHER IMPEDANCE-MEASURING INSTRUMENTS

Trange of Measurement See
Type Name Measures .}{ casurement Accuracy F{':-q neney  Remarks I ‘age
DIRECT-CURRENT BRIDGES
1652-A  Resistance-Limit Bridge R 1to L, 111,1114 0.5% as limit bridge de Equally useful as production- 6
R Lto LITLITIER  0.25% by null method de test or laboratory bridsze.
54413 Megolim Bridge R 0.1 to 1,000,000MQ #43% up to 1000ME2 de For measurements on high-

. 449, up 1o 100,000M¢2 de  valued resistors, insulation re- s
sistance of machines, applinnces,
cables and volume resistivity, ete.

60-CYCLE BRIDGES
T40-B  Capacitance Test Bridge C 5 ppf to 1100 uf +19 60 ¢ Measures ungrounded eapacitors.
D 0 to 509, +1.5% of full scale 60 ¢ For production testing. Will
measure polarized electrolytic 51
capacitors of the type used in
electronic circuits.
1611-A  Capacitance Test Bridge C 0 to 11,000 guf +19, 60 ¢ For testing insulators, bushings,
D 0 to 609, 420, 60 ¢ * capacitors, cables, etc. Measures
grounded capacitors. Unique
compensating eircuit eliminates 80
terminal capaecitance, permitting
measurements down to zero
capacitance,
AUDIO-FREQUENCY BRIDGES
650-A  Impedance Bridge R 0.00122 to 1MQ +=1% de Completely self-contained,
L 1 gh to 100h +2% 1 ke weneral purpose, lahoratory and )
c 1 gl to 100 uf =1 % ) T production bridge. 59
D 0.002 to 1 4209, B 1 ke
0 0.02 to 1000 4209, 1 ke
716-C  Capacitance Bridge* (44 100 ppf to 1 pf +0.2% of full scale 1 ke Direet-Reading :
(o4 100 gpef 1o 1000 ppf £0.2% of full seale (.1, 10, 100 ke Direct Reading
C 0.1 puf to 1000 pef +0.29%, 0.1, 1. 10, 100 ke Substitution Method
D 0.00002 to 0.56 +=2%, 0.1, 1, 10, 100 ke Foreapacitancestandardization, 33

precision measurements, dielec-
tric measurements. Can also
mesasure large inductors and
high resistances.
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667-A Imlm?unce Bridge L 0.1 ghto 1 h =+0.29, 60 ¢ to 10 ke Widely used for measuring in-
ductance of r-f coils. Measure- 92
ment at 1 ke eliminates effect of =
distributed capacitance.

1604-13  Comparison Bridge Z 29 to 20N +0.1% 400 ¢, 1 ke, 5 ke  Indicates percentage difference
between unknown and a standard
sample. For rapid selection of Lo
components to close tolerances.

916-A1. Ruochio-Frequeney Bridge X 4 11,0000 =29 50 ke to 5 Me  Measures low impedances, ie.,

I 0 to 10008 T 419, 50 ke to 5 Me series components. This model iz
particularly recommended for 06
antenna measurements in the
standard broadeast band.

916-A  Radio-Frequeney Bridge X =+ 50000QF ) +29, 400 ke to 60 Me  Similar to Type 916-AL, but de- 96

n 0 to 10000 +19, 100 ke to 60 Me signed for higher frequencies.
821-A  Twin-T i 0 to 1000 puf 40.2¢;, 460 ke 1o 40 Me  Measures high impedances, i.e.,
“ 0 to 100 pmhost 427, 160 ke to 40 Me pﬂrallllc; components, chokes, @
= ; - parallel resistance, resonant
B 6000 pmhosy 460 ke to 40 Me impedance, conductivity of
solutions.

1612-A  R-I" Capacitance Neter C 0 to 1200 puf +49%, 1 Me Resonant-cirenit instrument,

1612-A L R-F Capacitance Meter C 0 to 100 puf +4%, 1 Me using direct substitution method.
Adaptors available for measur-
ing tube-socket capacitance.

1601-A  V-H-F Bridge X 4 2000%* +5% 10 to 165 Me For measurements on either

R 0 to 20082 +20; 10 to 165 Me lllmped or coaxial cireuits. Upper 100
limit of measurement for con-
ventional bridge eircuits.

1602-13  U-H-I' Admittance Meter B +0.2 to 41000 mmho +3Y% 20 1o 1500 Me  For measurement of coaxial 102

« 0.2 to 1000 mmho +39, 30 to 1500 Mc  lines, antennas. networks and
components. With simple ac-
cessories, ean read impedance
directly in ohms. Also measures
VSWR,

SPECIAL-PURPOSE BRIDGES

874-LB Slotted Line VSWR +2159 or better 300 10 5000 Me  See coaxial element section. 123

561-1  Vacuum-Tube Bridge " 0.001 to 10,000 +29, 1 ke Also measures transistor low-

o 3062 to 20MQ +20, 1 ke frequeney parameters. Adaptors

.02 1o 50.000 amho +20; 1 s are furnished for standard re- 104
fm 7 NIy Sy ceiving tube bases and for
transistors.

;l'lw Tyre 716-CS1 and Tyee 716-CS4 Cupacitance Bridges, for use at 1 Me and for measuring direet cupacitance, respectively, are deseribed on page 85,
frequeney. At 100 ke; Range varies inversely as the frequency, $At 1 M

1 ) tAt 1 Me: Range varies inversely as the
e; Range varies direetly as the frequency.  **At 100 Me: range varies inversely as the frequeney.
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TYPE 1652-A RESISTANCE LIMIT BRIDGE

USES: The Resistance Limit Bridege is intended
primarily for the production testing of resis-
tors. It can be used to indicate on a meter the
percentage deviation from an internal stand-
ard, to match pairs of resistors, and to com-
pare resistors to a standard sample. It is also
a precision Wheatstone bridge for general
resistance measurement by the null method.

IFor manufacturers and users of resistors,
this bridge offers an acenrate and rapid means
ol separating resistors into tolerance classifica-
tions, and for selecting resistors to close
tolerances. The manufacturer of electronic
equipment can use it {o advantage in match-
ing pairs of resistors for operation in balanced
circuits. Its accuracy is adequate for all but
the most exacting requirements in the labo-
ratory, and its ability to measure resistors as
large as one megohm without the inconveni-
ence of adding booster batteries makes it
much more convenient than the ordinary
decade bridge.

The bridge can also be adapted for use as
the control unit in automatic sorting or in-
speeting. A relay, in conjunetion with external
amplifications, can be substituted for the
indicating meter, to actuate various types of
rejection mechanisms. By adjustment of the
sensitivity of the relay, end points can be
established to determine tolerances of =359,
+10%, and £207.

DESCRIPTION: The Tyrr 1652-A Resistance
Limit Bridge uses the conventional equal-arm
Wheatstone bridge circuit. The bridge is
supplied from a constant-voltage d-¢ source,
and its indicating meter is calibrated in per-
centage difference between the unknown and
the standard over a range of =#2075.

A built-in standard consisting of seven
Typr 510 Decade Resistors is adjustable from
one ohm to 1,111,111 ohms in 0.1-ohm steps.

Measurements are made simply by setting
the standard to the nominal value ol the
resistor under test and reading the percentage
difference on the meter. This test procedure
can be greatly facilitated by the use of a test
fixture into which the resistors ean be plugged,
and which ean be operated in conjunction with
a switch that shorts the meter cireuit prior to
removing the resistor from the jig. Panel
terminals for such a switch are provided.

For the matching of resistors, the resistor
to be matched is connected to terminals pro-
vided and the internal standard is set to zero

Used as a conventional Wheatstone bridge,
the circuit is balanced by adjusting the inter-
nal standard to equality with the unknown
resistor, using the calibrated meter as a null
indicator,

FEATURES: » Rapid and accurate for limit
tests,

76 GENERAL RADIO COMPANY
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> ixtreme simplieity of operation. Large
meter colored gold for 50, limits and silver

for 1097 limits.
> Lqually useful for general resistance meas-
urement,

» Covers a wide resistance range — one ohm

Lo one megohm,

BRIDGES

> No batteries required. Operates from 115-
volt or 230-volt, 60-cvele line.

> Rugged construction and enclosed in welded
aluminum cabinet.

> Accuracy — can measure resistors to an
aceuracy of ==0.257;.

> Indicating meter can not be damaged by
unbalance of bridge.

SPECIFICATIONS

Resistance Range: Asalimit bridge, 1 ohm to 1,111,111
hms, with internal standard;
1 ohm to 1,111,111 ohms with internal standard; 1 ohin
to 2 megohms with external standard,

for null measurement,

Limit Range: Meter reads from —207, to -+207,, with
the standard RTMA tolerance ranges of =575 and
=107, elearly indicated by gold and silver coloring,
respeetively.

Accuracy: As a limit bridge, £0.57 or better; for
matehing, ==0.29; for null measurement, with internal
standard, ==0.25 ahove 10 oluns and 4=0.477 between
1 ohm and 10 ohms; with an external standard, from
1 ohm to 2 megohims 2= (0.275 4 acenrney of standard),
Voltage Applied to Unknown: The voltage across the
unknown resistor is exactly one volt when the meter

Ty e

indieation is zero. As the meter indieation varies from
— 207, to 4207, the voltage across the unknown will
vary from 0.89 volt to 1.10 volts.

Power Supply: 105 to 125 volts or 210 to 250 volts, 60
eveles. The power input 15 approximately 30 watts,
Accessories Supplied: A line connector cord and spare
I'u.w.s.

Vacuum Tubes: One Tyere 6X4 and two Tyrre 65U7-
GTY's. All are supplied with the instrument,
Mounting: The bridge is supplied for either relay rack
or cabinet mounting., Cabinet has blaek wrinkle finish,
Dimensions: Owver-all, (width) 19 inches x (height)
834 inches x (depth) 1015 inches.

Net Weight: 20 pounds.

Code Word Price

1652-AM | Resistance Limit Bridge (Cabinet Model). . .
Resistance Limit Bridge (Relay Rack Model)

1652-AR

BUXOM
BADGE

$425.00
425.00

A Wheatstone bridge for the megohm range, capable of measurements from 0.1
megohm to 1,000,000 megohms, is deseribed on page 78.

Schematic eirenit diagram of the Type 1652-A Resistance Limit Bridge.
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BRIDGES

TYPE 544-B MEGOHM BRIDGE

USES: T'he megohm bridge is very useful for
mensuring all types of resistances in the
megohm ranges, These uses include not only
the resistance of cartridge-type resistors, but
also the insulation resistance of eleetrical
machinery such as generators, motors, and
transformers; of clectrieal equipment such as
rheostats and houschold appliances; of single
conduetors, cables, and capacitors; of suffi-
ciently long sections of high-voltage cables;
of paper capacitors; and of slabs of insulating
materials. Volume resistivity and its change
with temperature and humidity can be de-
termined. Guard connections are provided for
the measurement of three-terminal resistors
such as multi-wire three-terminal
capacitors, networks, and guarded specimens
of insulating materials.

This bridge has been widely used for meas-
uring the dielectrie absorption effects in the
insulation of electrical machinery, trans-
formers, and cables. Charging-current curves
can be easily obtained over time intervals
from one second to many hours.

(':ll)l('.\.

DESCRIPTION: The I'yvre 544-B Megohm
Bridge is a combination of Wheatstone bridge
and vacuum-tube voltmeter.

The bridge is composed of the four arms,
A, B, N, P, as shown for the OPERATE po-
sition in the diagram at the bottom of the
next page, with the power :x|)|)|i('«| across the
arms, A and B, and the vacunm-tube volt-
meter connected across the conjugate pairs,
A-N and B-P. For checking the galvanometer
zevo, the tube is isolated from the bridge
voltage as shown in the CHECK position,
with the high resistors, N and 72, connected
to the grid exactly as in the OPERATI posi-
tion. The effects of any voltages, alternating
or direct, in the unknown resistor, 2, and of
any grid current of the tube will not appear in
the bridge balance beeause they are hulaneed
out in the zero adjustment. There is also a
CIHARGE position, in which the unknown
resistor, I?, is placed across the arm, B. This
is valuable in measuring the resistance of
large capacitors because full voltage is applied
directly to the capacitor which can then
charge at a maximum rate. The zero of the
g:ll\':llmm(‘l('l' can also be checked at any
time without being affected by the residual
charge in the eapacitor.

FEATURES: » The direet measurement of re-
sistances up to 1,000,000 megohms is made
pu.«ilnh- hy the use of a vacuum-tube de-
tector, which absorbs a negligible amount of
l)()\\‘('l..

> Constant fractional aceuracy, regardless of
setting, 1s obtained by using a resistance
seale that is approximately logarithmic over
one decade. The effective seale length for the
range from 100,000 ohms to 10,000 megohms
18 35 inches,

Sehematie eireuit diagram of the megolim bridge.

\60" UNKNOWN
/ RESISTOR
4

OPERATE
CHECK
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» The voltage applied to the unknown resist-
ance is held approximately constant, regard-
lest of the value ol the unknown resistance.
I'his condition is necessary to measure insula-
tion resistance properly.,

> Voltage stabilization is used in the a-c
power supply to prevent surges in charging
current when the leakage resistance of capuoe-
itors is measured.,

SPECIFICATIONS

Range: 0.1 megoliun to 1,000,000 megohins, covered by
w elial and o S-position multiplier switeh. A resistance of
1000, 000 megohms can be distinguished from infinity,
Accuracy: 3% on the 0.1, 1, and 10 multipliers;
+4' 0 on the 100 and 1000 muahipliers. Above 10,000
negoluns, Lhe accuraey is essentially that with which the
seale on the MEGOHMS dial can be read.
Terminals: All high-voltage termiinals are insulated as
i protection to the operator. A waximaon of 12 m ean be
deawn on short cireuit.
Power Supply : Two types of power supply are nvailable:
11 an t=-¢ unit (il'“\“l‘!'i]ly_’ d-¢ test voltages of 500 volts
e 100 volts to the hridge, and (2) o buttery power sup-
ply of 90 volts, The tee unit operates from a 105- 1o 1253-
volt (or 210« to 250-volt ), 40- to G0-cxele line. The bittery
power supply consists of 2 No. 6 Dry Cells and 3 Burgess
N 5308 43-volt batteries. This supplies 45 volts for the
fhe anode and 90 volts for the test voltage.
Power Input: 60 watts at 115 volts, 60 eyveles; with
haltery »u]r;:!‘\'. ll]l!ll'll\'illlii]l‘ current I"l'([lli}'t'![n‘lll.‘-’ are
0 g for eathode heaters and 7.5 ma for anode.
External Bridge Voltage: Terminals are provided so
that the bridge voltage can be obtained from an external
souree if desired, Up to 500 volts ean be applied.
Vacuum Tubes: With battery power supply, o 1D3-G 12
letector tube = psed; the 300-volt power supply uses a
BET-00 detector, o GX5-03 rectifier, o 5U4-03 rectifier, and,

T

544-BA

544-BB

544-P3
544-P10

Megohm Bridge, with A-C Power
SUPPIVL o4 sma sen b v
Megohm Bridge, Battery Operated
(Incl. Batteries)....... ..
A-C Power Supply Unit Only
Battery Power Supply Unit Only. . . ..

‘‘‘‘‘ ks AGRIGKE

BRIDGES

The seconms dinl of Tyer 54-B Megohm DBridge.
The seale iz approximately logarithmie over the main
deende from 1 to 10,

in the voltage regulators, a 6J5-Gi, o GKG-Ci, a 401 Ballust
Tube, and two Type 2LAG-010 neon lunps, All tubes are
supplied.

Accessories Supplied: With u-¢ power supply, w seven-
foot line-connector cord and spare fuses, test probe
mounted in cover and spare neon ballast tube. Batteries
are -'lt;l[r“wl with the |-rr11|-r'_\ 'I'II["I':Lil'II model,
Mounting: Shielded oak eabinet with cover.
Dimensions: Cabinet with cover elosed, {(width) 814 x
(length) 2214 x (height) S inches, over-all.

Net Weight: With hattery power supply, 2019 pounds;
with a-¢ power supply, 268§ pounds; Tyer 544-110, 1414
pounds; Typu 5344-P3, 1115 pounds,

Code Word Pries

$340.00

250.00
130.00
40.00

ALOOF
AGREREAPACK
ALOOFAPACK

principle is described on page 186.

Typer 1862-A Megohmmeter, a direct-reading instrument operating on the ohmmeter

These dingrams show the bridge conneections for the three positions of the CHECR-OPERATE-CHARGE switch.

)

BRIDGE

OPERATE

CHARGE
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TYPE 1611-A CAPACITANCE TEST BRIDGE

USES: The Tyer 1611-A Capacitance Test
Bridge is designed for 60-cyele capacitance
and dissipation factor measurements over
very wide ranges. It is suitable for laboratory
or shop testing of all kinds of paper and mica
capacitors, as well as polarized electrolytic
capacitors. It also meets the requirements of
the electriec power industry for shop testing
of insulators, particularly for measurement of
dissipation [actor of bushings, msulators, the
insulation of transformers, rotating machin-
ery and cables, It can be used in such meas-
urements even where there are adjacent bus
potentials of several thousand volts,

For the wire and cable manufacturer, this
bridge offers a convenient and rapid means
for locating breaks in cable, and for labor-
atory and production tests of dissipation
factor and capacitance on all kinds of cable.

The communications industry will find it
useful not only for routine capacitance and
dissipation factor tests on component capac-
itors but also for checking capacitance to
ground of transformer windings, shields, and
circuit elements,

DESCRIPTION: The circuit used is the series-
resistance capacitance bridge. One ratio arm
is continuously variable and calibrated to

read directly in capacitance. The other ratio
arm is variable in decade steps and serves as
a multiplier for the direct-reading dial. The
variahle resistors in series with the standard
capacitors are calibrated directly in dissipa-
tion factor.

Provision is made for conveniently applying
an external d-¢ polarizing voltage to the
capacitor under test.

A visual null indicator is used, consisting
of a tuned amplifier and an electron-ray tube.
The ecircuit is so designed that maximum
sensitivity 15 obtained at balance, with re-
duced sensitivity ofl balance. This arrange-
ment greatly facilitates the determination of
the balance point. The detector system can
be made linear and more suitable for limit
testing by changing one tube.

A portable luggage-type carrying case
houses the complete instrument.
FEATURES: > Will measure any capacitor up
to 11,000 microfarads. There is no fixed lower
limit. The range extends down to zero.
> Requires no accessories — ready for opera-
tion when connected to power line.
> Visual null indicator is an advantage in
noisy locations.

80 GENERAL RADIO COMPANY
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» Detector sensitivity increases as balance
point is approached, which greatly simplifies
process of locating balance.

> Use of low test voltage results in consider-
able saving in cost over equipment operating
uf several Kkilovolts. Tests have proved that
capacitance and dissipation factor do not

BRIDGES

depend upon voltage if no corona oceurs.

> Moderate external electrostatic fields do
not affect results, since connection to gen-
erator can be reversed and the observed
results averaged.

> A d-c polarizing voltage can be introduced
from an external d-¢ source.

SPECIFICATIONS

Capacitance Range: 0 to 11,000 uf, covered by eight
multiplier steps and an approximately logarithmice, direct-
reading dinl,
Dissipation-Factor Range: 0 to 607}, (at GO cyeles). A
dinl having a seale characteristic approximately log-
arithmie covers the range 0 to 307, An additional range
of 307 ean be added by a panel switch.
Capacitance Accuracy: + (19 + 1 uuf) over the entire
range of the bridge.
Dissipation Factor Accuracy: ==(2% of dial reading
+ 0,059, dissipation factor)., Power Factor = __L'
VA
where 1) = dissipation factor. Below 100 wpuf, the accu-
raey is limited by the deereasing sensitivity of balance,
Sensitivity: The sensitivity is such that any capacitance
in the range 100 gl to 10,000 uf can be balanced to a
precision of at least 0.19,.
Temperature and Humidity Effects: T'he readings of
the bridge are unaffected by temperature and humidity
variations over the range of room conditions normally
encountered (G3° I' to 95° F, 0 to 909 RH).
A-C Voltage Applied to Capacitance under Test:
The voltage impressed on the unknown capacitance
varies from a maximum of approximately 125 volts at
100 guf to less than 3 volts at 10,000 uf, The ecircuit is
so arranged that a maximum of one volt-ampere of
reactive power is delivered to the sample,
External Fields: I'or bushing testing, the fields usually
encountered in shop and laboratory, even up to several
thousand volts, will not affect the accuracy. For meas-

urermnents in loeations where the overhead voltages are
vory high, the unknown should be shielded.
Polarizing Voltage: Terminals are provided for con-
necting an external d-¢ polarizing voltage. The maximum
voltage that should be impressed is 500 volts.

One of the terminals is grounded so that any w-¢ oper-

Type

1611-A

| Capacitance Test Bridge. . . . .

ated power supply with grounded output ean be used.
The terminal capacitances of the power supply do not
affect the bridge ecireuit.

Power Supply Voltage: 105 to 125 (or 210 to 250)
volts, G0 evcles,

Power Input: 15 watts.

Accessories Supplied: Line connector cord.
Mounting: Portable carryving case of luggage-type con-
struetion. Case iz completely shielded to insure freedom
from electrostatic pickup.

Vacuum Tubes: One each 6X5-GT, 63J7, and 6U5. All
are supplied,

Net Weight: 30'% pounds.

Dimensions: (Width) 14'4 x (depth) 16 x (height) 10
inches, over-all, ineluding cover and handles,

Schematie diagram of the T'yre 1611-A Capacitance Test

Bridge. Generator and detector connections are inter-

changed by the switching when the bridge is used to
measure capacitances zreater than 1 uf.

COUVBLE SHELDID
TRANSFORMER

ViISUsL
INDICATOR

(Code Waord Price

FORUM $475.00

TYPE 740-B CAPACITANCE TEST BRIDGE

USES: The Tyrre 740-B Capacitance Test
Bridge is a 60-eycle capacitance and dissipa-
tion factor bridge for use in both laboratory
and production testing of paper, mica, and
electrolytic capacitors. The capacitor manu-
facturer can use it for production tests, the
eapacitor user for aceeptance tests. It is par-
tieularly useful in testing polarized elec-
trolytic capacitors because the test condi-
tions approximate the normal operating eon-
ditions of use,

DESCRIPTION: The cireuit used in this instru-

ment is that of a series-resistance capacitance
bridge. It is similar to the capacitance portion
of the Tyrr 650-A Impedance Bridge, but
adapted for 60-cycle use. One ratio arm is
variable in decade steps, and the other is
continuously variable and calibrated directly
in capacitance.

The Tyre 740-B Capacitance Test Bridge
is a simpler instrument than the Typs 1611-A,
described above, with a smaller capacitance
range, and lacking some of the lfeatures of the
latter instrument.
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BRIDGES

FEATURES: » Measures the direct

tance of ungrounded capacitors.

apaci-

> Visual null indicator makes the bridge use-
ful for production testing in noisy locations.

> Simple to operate.

> Normal operating conditions ean be repro-
duced when testing polarized electrolytic

wapacitors by using a d-¢ polarizing voltage.
The a-c¢ voltage impressed by the bridge itself
is small and simulates the ripple usually en-
countered in power-supply filters.

> Adequate protection is afforded by the
covered case, and small size and light weight
make it possible to move the instrument
easily and set it up wherever necessary.

SPECIFICATIONS

Capacitance Range: 5 upf to 1100 uf in seven ranges.
(Capacitanee values are read direetly from a logarithmic
dial and multiplier switeh,
Capacitance Accuracy: Within 19, over the main
decade (1 to 11) of the CAPACITANCE dial for all
multiplier settings except .0001. Within £+1.59% or
+:4 ppf, whichever is the larger, on the .0001 multiplier
on the main deeade of the CAPACITANCIE dial. Below
100 pud the error gradually increnses to 25 ppf as zero is
upproached.
Dissipation Factor Range: 0 to 507 in two ranges.
Dissipation factor values are read directly from an en-
wraved seale und multiplier switel,
Dissipation Factor Accuracy: Within 1.5, of full-
senle reading for all eapacitance multipliers except .0001.
On the 0001 enpacitance multiplier a correction of 0,39
should be subtracted from the dissipation fuetor dial
reading, When this correetion is made the accuracy is
within £=2 divisions on the x1 multiplier and within =1
division on the 10 multiplier,
Voltage Applied to Unknown: The voltage impressed
neross the unknown torminals varies continuously with
the bridge setting., For very small capacitances in the
lowest range, this voltage is approximately 35 volts, and
it deercases with inereasing capacitanee, so that at 100 uf
it is approximately one volt,
Polarizing Voltage: Terminals for connecting a d-e
polarizing voltage are provided on the panel,

Type

Power Supply: 105 to 125 (or 210 to 250) volts, 60 eyeles.
The power input is 15 watts,

Controls: Capuacitance ¢ and multiplier, dissipation
factor control and multiplier, sensitivity control,

Accessories Supplied: A line connector cord and spare
fuses.

Vacuum Tubes: One each 6X3GT/G, 6J7, 6155; all arc
supplied with the bridge.

Mounting: Portable carryving case, of airplane-luggage
construetion,

Dimensions: (Length) 1414 x (width) 15 x (height) 934
inches, over-all, including cover und handles.

Net Weight: 19 pounds.

BRIDGE AMPLIFIER VISUAL

INDICATOR

V-2

Coide Word Price

740-B

Capacitance Test Bridge. . . ..

BABEL $255.00

82 GENERAL RADIO COMPANY

. File Courtesy of GRWiki.org



BRIDGES

RAKGE STLECTOR
C-

AN

-

&~

CATACSTARSE W icnt v
WOMY e

%

/

FERTTITTIT T

TYPE 716-C CAPACITANCE BRIDGE

USES: This direct-reading capacitance bridge
can be used for a wide variety of eapacitance
and dissipation-factor measurements. Within
its scope are the determination of dielectric
constant, dissipation factor, loss factor, phase
angle, and other dielectric properties of in-
sulating materials, as well as their change with
such factors as frequency, temperature, and
humidity,

In addition to direct-reading capacitance
measurements, the bridge is capable of meas-
uring other impedances by substitution meth-
ods. Among these are the inductance and
storage factor of large inductors, up to several
thousand henrys: the resistunce and parallel
capacitance ol high-valued resistors, up to
several thousand megohms; and capacitances
up to several thousand microfarads.

By adding an external decade resistor, the
bridge can be converted to a series- or parallel-
resistance bridge, which latter is especially
useful in measuring the resistance of electro-
lytes.

In the General Radio laboratories the Tyrr
716 Capacitance Bridge is used for all capaci-
tance standardization measurements. In pro-
duetion it is used for the testing and adjust-
ment of all precision fixed capacitors.

DESCRIPTION: The T'yrr T16-C' Capacitance

GENERAL RADIO COMPANY

Bridge is a modified Schering bridge, direct
reading in capacitance at any frequency, and
in dissipation factor at 100 eyeles, and 1, 10,
and 100 kiloeyeles.

A wide capacitance range at 1 kiloeyele is
obtained by four sets of ratio arms giving
multiplying factors from 1 to 1000 in decade
steps. The built-in standard is a Tyes 722
Precision Capacitor, calibrated to read di-
rectly in total eapacitance. The zero capaci-
tance across the unknown terminals is nol
areater than | puf. All capacitances to ground
of the input transformer and ratio arms are
removed from the capacitance arms by placing
them in a shielded compartment mnsulated
from the grounded panel and connected to the
junction of the ratio arms,

Dissipation factor is read directly from the
dial setting of an air eapacitor and from a
decade-step capacitor connected across the
fixed ratio arm. The 12-inch seale of the air
apacitor is approximately logarithmie, so
that, while having a maximum reading of
0.06, its smallest division near zero is 0.0001,
thus allowing the estimation of 0.00002. The
accuracy of the dissipation factor reading over
the wide capacitance range is made possible
by adding capacitance across the lower-valued
ratio arms, so that the product RC of all the
ratio arms is the same.
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FEATURES: > Wide capacitance and frequency
ranges, high accuracy, and divect-reading dials
are three very desirable features found in this
bridge.

» Operation is simple, and both terminals and
controls are arranged for convenience and
flexibility of operation.

> The DISSIPATION FACTOR dial is direct
reading for either direct or substitution meas-
urements, because the setting of the
METEHOD switch determines the ratio arm
across which the dissipation-factor capacitor
is connected.

> Operation up to 300 kiloeyeles is made
possible by careful design of the shielded
fransformer to minimize leakage impedances
and dicleetrie losses,

SPECIFICATIONS

Ranges: Direct reading capeitance, 100 guf to 1 uf at
1 ke 100 puf to 1000 puf at 100 ¢, 10 ke, and 100 ke; dis-
sipation factor, 0.00002 to 0.56.

Substitution Method — eapacitance, 0.1 puf to 1000 upi
with internal standard; to 1 uf with external standards;
4
dissipation factor, 0.56 X :.r where €” is the capacitance
of the standard capacitor and Czx that of the unknown.
Accuracy: Direct Reading capiacitance, ==2 puf X
capacitance multiplier reading (==0.29 of full seale for
enech range) when the dissipation factor of the unknown
i less than 0.01; dissipation factor, 40,0005 or 427 of
dinl reading, whichever is the lurger, for values of D

below 0.1,
Substitution Method
whichever is the larger:

eapacitanee, =027 or <=2 uuf,
10,00005
or 2% for change in 'h“iilllll'iil fnetor observed, when

dissipation [aetor,

the change iz less than 0,06,

A correction chart for the precision eapacitor is sup-
plied, giving seale corrections to 0.1 puf at multiples of
100 ppef. By using these data substitution measurements
ean be made to =017 or 0.8 upf, whichever is the
larger, It is also possible to obtain, at an extra charge,
A worm-correction ealibration with which substitution
measurements ean be made 1o an accuracy of 4=0.1% or
£0.2 ppf, whichever is the larger.

When the dissipation factor of the unknown exceeds
the Nmits given above, additional errors oceur in hoth
capneitanee and dissipation-factor readings, Correetion
formulne are supplied, by means of which the aceuracy
given above ean be maintained over all ranges of the
bridge.

Ratio Arms: The arm aeross which the dissipation

fuctor capacitor is normally connected at 1 ke has a re-

sigtanee of 20,000 olims, The other arm has four values,
20,000 ohms, 2000 ohms, 200 ohms, 20 ohms, ;jt'll\'i!}i!l[_’
the four multiplying factors 1, 10, 100, 1000. Suitable
capacitors ure placed across these arms so that the prod-
wet RO is constant, At 100 ¢, 10 ke, and 100 ke the ratio
arms are equal and have resistunees of 200,000 ohms,
2000 ohms, and 200 ohins, respoctively.

Shielding: Ratio arms, dissipation-factor capacitors,
and shielded transformer nre enclosed in an insulated
shiclkl, The unknown terminals are shiclded so that the

Type

zero capacitance across them is not greater than 1 upl
A metal dust eover and the aluminum panel form a com-
plete external shield.

Frequency Range: The aceuracies given above hold {or
operating frequencies from 30 ¢ to 300 ke, provided the
operating frequeney  does not differ from the range
selector frequency by more than a factor of three. Dissi-
pation-factor readings must be corrected by multiplying
the dinl reading by the ratio of operating frequeney to
the range selector !'Tt'lllu‘ih'). .

Voltage: Voltage applied at the GENERATOR ter-
minals is fed to the bridge through a 1-to<1 shielded
transformer, A maximum of 1 watt ean be npplied, allow-
ing a maximum of 200 volts at 1 ke, but only 50 volts
ut Gl |-§'-'|-->, I!' generator :lnll lll‘!w-:lll‘ are illlv[‘i'h.n:m .i,
750 volts can be applied.

Temperature and Humidity: Variations of tempera-
ture over norinal ranges (65° 1" to 95° I) have no
significunt effect on the aceuraey of the bridge, but
precise measurements of dissipation  faclar should not
be attempted when the bridge has been exposed to con-
ditions of abnormally high relative humidity, unless it is
dried by heat or a desiecant,

Mounting: The bridge is supplied either for mounting
on @ 19-ineh relny rack or in a walnul eabinet,
Accessories Required: Oscillator and detector. For the
power source the Tyee 1302-A Oscillutor (page 160) is
recommended. Tyre 1231-B Amplifier and Null Detecto
(page 107) with Tyer 1231-P Filters (page 109), or the
Typr 1212-A Unit Null Detector with Tyre 1951-A Filter
(poge 110) is recommended for use as the detector at
audio frequencies. At low radio froquencies w radio re-
ceiver is satisfactory for aurnl null indications,

FFor substitution measurements, a baluneing eapaeitor
is needed. This may be a Tyee 772-D Precision Cap=
acitor, page 50, or a fixed eapacitor, Tyres 505, 5049,
1401, puges 85, 54 and 53.

Accessories Supplied: Two Tyee 274-NIE Shielded
Conneetors.

Other Accessories Available: IFor measurements on
unguarded dielectric specimens, the Tyer 1600-\ Diclee-
tric Sample Holder (page S8) is recommended
Dimensions: (Length) 19 x (height) 14 x (depth) 9
inches, over-all.

Net Weight: 441% pounds, relay-ranck model; 5414
pounds, ecabinet model.

o
UNKNOWN
DIRECT

O

Code Word Price

716-CR
716-CM

For Relay-Rack Mounting. . ..

Mounted in Walnut Cabinet. . e

Worm-Correction Calibration for Inter-
nal Precision Capacitor . ..........

........ ' BONUS  $525.00

570.00

BOSOM ‘

WOIRMY 50.00
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SPECIAL CAPACITANCE BRIDGES
TYPE 716-CS1 CAPACITANCE BRIDGE
FOR USE AT ONE MEGACYCLE

Both commercial and military specifications
for capacitors of 1000 puf and less call for
measurements of capacitance and dissipation
factor at a frequency of one megacyele. The
Tyre 716-CS1 Capacitance Bridge has been
designed specifically for these measurements.
This bridge, a modification of the standard
Tyre 716-C model, has unity ratio arms, a
single capacitance range, and a limited fre-
quency range. The standard capacitor is a
Tyre 722-N, designed for use at 1 megacycle
and above, and the input transformer has
been redesigned for high-frequency operation.
With these changes, the bridge gives sub-
stantially the same performance al one mega-
cyele as does the standard model at one kilo-
evele.

In addition to its use in testing capacitors,

the T'yre 716-CS1 Capacitance Bridge is satis-
factory for measuring dielectrics with the
Tyrr 1690-A Diclectric Sumple Holder at the
ASTM test frequency of one megacycle.

SPECIFICATIONS

Capacitance Range: Direet Method, 100 to 1100 uuf;
Substitution Methaod, 0.1 to 1000 guf.

Dissipation Factor Range: Direct Method, 0.00002 to
0.56; Substitution Method, 0.00002 X am to 0.56 % . ’

X X
where €' is the eapneitance of the standard eapacitor and
Cy that of the unknown.

Frequency Range: Calibrated for one megneyele, the

bridge operates satisfactorily at frequencies between 0.5
and 3 megacyeles,
Accuracy: At one megacyvele, the bridge is adjusted to
have the same accuracy as the standard Typeg 716-C at
low frequencies. This same accuraey can be obtained at
other frequencies between 0.5 Me and 3 Me, if correction
is made for the effcets of residual inductance,

Other speeifications are the same as those for the
standard Tyre 716-C.

__ Type e T LI ('mi Word - l’rfl.'f y
716-CMS1 Capacitance Bridge (Mounted in Cabinet) .. .... BOGEY ‘ $640.00
716-CRS1 Capacitance Bridge (I'or Relay-Rack Mounting) | Bacox 595.00

TYPE 716-CS4 CAPACITANCE BRIDGE
FOR MEASURING DIRECT CAPACITANCE

The standard Typee 716-C is grounded at
the junction of the capacitance arms, and the
bridge thus measures the tolal capacitance of
a two-terminal capacitor, one terminal being
grounded. The Tyer 716-CS4 is constructed
with the junction of the resistive arms
grounded, leaving both terminals of the un-
known ecapacitance ungrounded. With this
civeuit configuration the bridge measures the
direct capacitance between two terminals and
may be used for the measurement of three-

terminal capacitors with the third terminal
grounded.

In such a measurement, one terminal ca-
pacitance is placed across a ratio arm of the
bridge, introducing an error in dissipation
factor equal to ReC. In many measurements
this error can be kept negligible and in some
cases it may be unimportant. For complete
freedom from this source of error, the Tyrg
716-P4 Guard Cirenit with the standard
Tyre 716-C should be used.

SPECIFICATIONS

Same as standard 716-C except:

Frequency: 400c¢ x 1 multiplier position replaces 100¢ x 1
position,

Dissipation-Factor Accuracy:
Substitution Method: -0.0001 or =429% of the dial
reading, whichever is larger, for values of D below 0.1,
Direct Reading Method: -+0.0005 or 2% of the
dial reading, whichever is larger, for values of D below
0.1.

Capacitance from high UNKNOWN terminal to
ground introduces error in dissipation factor reading at
rate of about 0001 per puf, when measurement is made
at the nominal frequency. The error is reduced in direet
proportion as the frequency is reduced, for a given ratio-
arm setting,

Terminals: Tyre 874 Conxial Connectors for UN-

KNOWN terminals.

- 7':'7/!71“_-_7 - N ('mlf Ward - Price Lt
716-CMS4 Capacitance Bridge (Mounted in Cabinet) . | BANDY ‘ $595.00
716-CRS4 Capacitance Bridge ([For Relay-Rack Mounting) BIPED 550.00
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USES: The Guard Circuit is designed for use
with the Tyen T16-C Capacitance Bridge to
facilitate the measurement of gunrded dielee-
trie samples and of other small eapacitances
where a three-terminal measurement is neces-
sary. It is particularly useful for the measure-
ment of components and materials over wide
ranges of temperature and humidity, because
it eliminates from the measurement the effects
of the leads from the bridge to the sample in
its conditioning apparatus, and permits the
same aecaraey of measurement that would be
obtained il the sample were positioned diveetly
at the bridge terminals,

DESCRIPTION: A basic schematice dingram of
the capacitance bridge with guard cireuit is
shown below. The guard arms S and T make
it possible to balance any combination of
capacitance and loss normally encountered in
the terminal impedance, X, of the unknown.
The impedance of S and 7" is relatively high
compared to the ratio arms of the bridge,
which makes the guard-cirenit balance less
eritical than it would be il both sets of arms
were of the same order of magnitude. The
coupling eircuit, /', consisting ol a single ad-
justable rvesistor, permits partial balaneing of
the guard-to-ground terminal impedance, J,
thus facilitating the balance of arms S and 7.

The eirenit and switching are arranged for
cither direet reading or substitution methods.
When measurements are to be made by sub-

716-P4 GUARD CIRCUIT

stitution methods, i.e., by the precision ca-
puacitor of the bridge, it is necessary to connect
a balancing capacitor in the adjacent arm of
the bridge. A variable air capacitor (SUBST.
CAPACITOR) with & maximum capacitance
of 1100 gef is built into the guard cireuit for
this purpose. Appropriately shiclded and
guarded switching is provided for connecting
or disconnecting this capacitor as required.
Thus the only external connection required is
that to the unknown itself, whether direct-
reading or substitution methods are employed

Four pairs of ratio arms are provided in
the bridge, for direct-reading operation al
100 eyeles, 1 ke, 10 ke, and 100 ke. Corre-
spondingly, four sets of resistive guard arms
are provided in the guard cireuit, selected by
a panel switch, Four adjustable resistors are
provided, with the switching so arranged that
they are used in pairs for each switch setting,
one ‘“‘coarse” and one “fine” adjustment

FEATURES: > Muakes possible three-terminal
capacitance measurements with the Tyre
716-C' Capacitance Bridge.

> Wide frequency range.

> Coupling circuit facilitates guarvd balanee.

> Careful shielding assures accuracy of meas-
urement.

> Switching is so arranged that bridge can
also be used for two-terminal measurements
> Guard eable included for connection to
sample.

Schematie diagram of the Guard Circuit and unknown
connected to the Tyre 716-C Capucitance Bridge.

SPECIFICATIONS

Capacitance Range: Designed for use with the x1 multi-
plier ranges of the T'yer 716-C Capacitanee Bridge, ie.,
oorpnge of 0-1000 ppf. The range can be extended by ad-
ding external capacitance to the standard arm of the
Dbl e,

Frequency Range: Corresponds to that of Tyre T16-C.,
Guard Balance Capacitor: Any value of capacttance
between the guard point and the high measuring terminal

Mounting: Available in two maodels: Tyrg T16-P4M in
wilnut  enbinet matehing eabinet of Tyre T16-0'M:
Typre T10-PAR for relay-rneck mounting. Leads are ar-
ranged for placing the guard cireunit divectly nbhove the
bridge.

Accessories Supplied: One Tyee 874-002 Coaxial
Adaptor,

Net Weight: Tyre T16-P4R, 17 lbs; Tyre 716-P4M,

up to 1000 puf can be balanced out, 23 Ibs. Dimensions: 19 x 83¢ x 91§ inches.
77777”'1'- . Code Word Price -
716-P4M Guard Circuit (in Walnut Cabinet)............ posoMauArp|  $315.00
716-P4R Guard Circuit (for Relay-Rack Mounting) ..... | BONUSGUARD | 295.00

PATENT NOTICE. Seo Notes 3 and 4, page vi.
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TYPE 1610-A CAPACITANCE MEASURING ASSEMBLY

USES: The Tyru 1610-A Capacitance Measur-
ing Assembly is a conveniently arranged unit
containing complete equipment for highly
precise measurement of capacitance and dissi-
pation factor. Both two-terminal and three-
terminal capacitances can be measured either
by direct or substitution methods over the
frequency range from 30 cycles to 100 kilo-
eveles. In addition, induetance, storage factor,
and resistance can be measured by substitu-
tion methods.

The guard cireuit included as part of the
1610-A Assembly also permits the measure-
ment of two-terminal capacitance at a con-
siderable distance from the unit with the

same precision that could be obtained with
the unknown located at the bridge terminals.

DESCRIPTION: The T'yrum 1610-A consists of:
| Tyrr 716-C

| Typr 716-P4 Guard Cireuit

I Tyre 1302-A Oscillator

| Tyrr 1231-BRFA Amplifier and Null

Detector (ineludes 1Tyri 1231-P5 Filter)

Rack unit and necessary conneeting cables.

Capacitance Bridge

Complete desceriptions of each of the five
imstruments indicated above ean be found on
pages 83, 86, 160, 107 and 108 respectively
of this catalog.

All interconnections in the Typr 1610-A
Capacitance Measuring Assembly are made
by shielded cables with General Radio Tyre
274 or multipoint connectors.

The oscillator frequency range is from 10
eveles to 100 ke. The amplifier and null
detector, in addition to use as a null indicating
device, can be used as a wide-band ampli-
fier and a VSWR-measuring instrument. The
filter in the assembly is tuned to |1 fixed
frequencies as selected by a switeh, and any
other frequency in the range from 20¢ to 100
ke with the addition of external capacitance.

SPECIFI
See specifieations for Typr T16-C Capacitance Bridge,
Tyre 7T16-P4 Guard Cireuit, Tyee 1231-BRI'A Amplifier
and Null Detector (includes Tyer 1231-15 Filter), and
Tyre 1302-A Oseillator.
Accessories Required: None, except a balancing ea-
preitor for substitution measurements when the Guard
Cirenit is not used, This may be the Tyer 722-D Preci-
sion Capacitor (page 50) or the Tyrr 505 Fixed Mica
Capacitor (page 54).

!
|
!
8
@
i
|
E .
i
!’

FEATURES: > Complete assembly of all equip-
ment needed for direct and substitution
capacitance measurements, two-terminal or
three-terminal, from 30¢ to 100ke.

> Instruments in assembly can be used
separately without electrie al or mechanical
changes.

> Tyrr 1690-A Diclectrie Sample Holder can
be mounted directly on Capacitance Bridge.

CATIONS

Accessories Supplied: Necessary cables,

Accessories Available: For measurements on unguarded
dieleetrie specimens, the Typr 1690-A Dielectrie Sample
Holder (page 88) is recommended.

Dimensions: (Height) 43 x (width) 2214 x (depth)
17 inches, over-all.

Net Weight; 202

14 pounds,

Type B ~ Code Word Price
1610-A | Capacitance Measuring Assembly . ... ... ... | sepAN | $1930.00
PATENT NOTICI. See Notes 1, 2 and 9, page vi.
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TYPE 1690-A DIELECTRIC SAMPLE HOLDER

Uses: The Tyre 1690-A Dielectric Sample Holder is
a micrometer-driven sample holder of the Hartshorn
type,* intended primarily for measurement of dielec-
trie constant and dissipation factors of specimens of
dielectric materials in the form of st:nu}m'd ASTM
2" diameter dises. It can be used, for example, with
resonant circuits for susceptance-variation or fre-
quency-variation measurements, with the Tyem
716-C Capacitance Bridge or the Typr 821-A Twin-T,
with the Tyre 874-LB Slotted Line; or with the
Tyre 1602-A Admittance Meter.

DESCRIPTION: A precision micrometer serew drives the
movable grounded electrode with respect to a fixed
insulated electrode. The serew adjustment is a large
instrument knob, in contrast to the small thimble
emploved in the usual machinist’s micrometer,
Attached to the knob is an accurately divided drum
which indicates the spacing between electrodes, The
micrometer serew is electrically shunted by a metal
bellows, assuring positive low-resistance connection

at all times. A release mechanism is incorporated in
the design of the movable electrode, so that when full
positive contact is made between the two electrodes,
the drive disengages, thus protecting the mechanism
against mechanical stress, The same design feature
also provides better contact between electrodes and
specimens when the surfaces of the latter are not
exactly parallel, since the movable cleetrode will
adjust itsell to the plane of the specimen surface,

A vernier capacitor with a capacitance range of 5 uuf
is also provided, for use in determining capacitance
increments in the susceptance-variation method, This
capacitor is of the eylindrical type, the movable
eyvlinder being a precision micrometer screw. Ten
turns of the screw cover the range of 5 wuf, and the
drum attached to the serew is aceurately divided into
50 divisions, each corresponding to .01 uuf.

The assembly is mounted in a rugged aluminum
casting, which shields it on four sides. The shielding
is completed by two removable cover plates, which
permit access to the electrodes.

Connection to the electrodes may be made by
Tyre 874 Coaxial Connectors or by Tyre 274 Pin
Connectors. Adaptors are provided for mounting the
Tyre 1690 Dielectric Sample Holder on the Tyer
716-C Bridge, and on the Tyre 821-A Twin-T. An
additional adaptor for connection to the Tyre 874-L13
Slotted Line and Typr 1602 Admittance Meter is also
available, The arrangement of the ferminals is such
that the holder can be mounted on a bridge with the
panel in either the horizontal or vertical direction.

FEATURES: > A dielectric specimen can be measured
over & wide range of frequencies using the same holder
but different measuring cireuits,

> Corrections for edge fringing and stray eapacitance
ave taken care of by the calibration.

> Rigid casting supports entire structure.

> Large easily read dials.

> Complete shielding,

> Flexibility — ean be used with a number of differ-
ent bridges or other measuring circuits,

> Precision ealibration provided.
> “Floating” electrode protects
against injury.

* L. Hartshorn and W. H. Ward. Proceedings of the Institution
of Eleetrical Engineers, v, 74, pp. 507-0609 (19:36),

precision  drive

SPECIFICATIONS

Electrodes: Diameter, 2.000 inches ==0.0025. Surfaces
are ground optically flat within a few wavelengths.
Electrode Spacing: Adjustable from zero to 0.3-inch
maximum. The spacing is indicated directly by the
micrometer reading in mils.

Vernier: Incremental eapacitance is 5 uuf nominal.
Calibration: For the main capacitor a chart is provided
giving the ecaleulated air capacitance as a funection of
spacing. A correction curve is also provided with each
holder, giving the measured deviations from ecaleulated
values over the range from 300 mils to 10 mils spacing, In
accordance with recommended ASTM practice, this
calibration is referred to the caleulated geometric value
at a spucing of 100 mils.

For the vernier capaeitor o correction ehart is provided,
from which capacitance differences can be determined to
an acceuracy of ==0.004 ppuf.

Zero Capacitance: Approximately 11 upuf.

Frequency: This type of specimen holder introduces no
significant error at frequencies below 100 Me. At higher
frequencies the technique of its use has not been firmly
established, but satisfactory results can be obtained for
many types of measurements,

Accessories Supplied: Tyre 1600-P1 Adaptor Assembly
for mounting to the Tyres 716-C Capacitance Bridge and
the Tyre 821-A Twin-T,

Accessories Available: Tyer 1690-P2 Adaptor Assem-
bly for connecting to Tyere 874-LB Slotted Line or Type
1602 Admittance Meter.

Mounting: Supplied with a wooden carrving case. A
drawer in the case provides storage for hardware, and a
spring elip holds the calibrations, which are mounted in
aluminum holders.

Dimensions: Over-all, mounted on adaptor, 6l4 x 5%
x 434 inches.

Net Weight: 334 pounds.

Type B Cade Waord I’Q«;
1690-A Dielactric Sample Holder ., oo o vrvmvmanssnnvensmpsmncosssane| DOYAL $435.00
1690-P2 Adoaptor Assembly (for Type 874-LB Slotted Line) .............. LOYALMOUNT 30.00

PATENT NOTICE, 8ce Notes 3 and 4, page vi.
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TYPE 650-A IMPEDANCE BRIDGE

USES: The T'yrr 650-A Impedance Bridge will
measure the induetance and storage factor,
, of coils, the capacitance and dissipation
fuctor, D, of capacitors, and the a-¢ and d-¢
resistance of all types of resistors.

In the laboratory it is extremely useful for
measuring the eircuit constants in experi-
mental equipment, testing preliminary sam-
ples, and identifying unlabeled parts. In the
shop and on the test hench it has many
applications in routine testing and fault loca-
tion, Thousands of these bridges are in use all
over the world, in government and industrial
laboratories, educational institutions, electrie
generating stations, and radio broadeasting
stations,

DESCRIPTION: Tvyri 650-A Tmpedance Bridge
is a conventional 4-arm impedance bridge. 1t
is entirely self-contained, including standards,
hatteries, and tone source, and is direct read-
ing over wide ranges of d-¢ resistance, a-c

resistance at 1000 eyveles, capacitance and

dissipution l':n'lm'(l) = {:,):nt 1000 eycles, and
induetance and storage factor (Q = X):I' 1000
A R

cyveles.

tesults are read directly from dials having
approximately logarithmic scales. The posi-
tion of the decimal point and the electrical
unit in terms of which the measurement is
made are indicated by the positions of two
selector switches.

Resistance is measured in terms of a stand-
ard resistance arm: inductance and capaci-
tance are measured in terms of mica capaci-
tance standards, similar in construetion to the
Tyrr 505 Capacitors.

A built-in galvanometer is used as the
detector for d-¢ work, and head telephones,
usually preceded by an amplifier, are used
for 1000-cycle measurements.
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FEATURES: > Complete availability, because > Convenience, combined with sufficient aceu-
of the seli-contained standards and power racy for all but very precise work, makes 'H“
Tyer 630-A invaluable in every electrical
]Ilill?l':l“!!"\'.

- > Direct-reading dials eliminate additiona
high impedance earphones, time and trouble with caleulations. The panel
> Wide ranges of all kinds of impedances ecan photograph shows the simplicity of the

supply, is an outstanding feature of this
bridge. The only accessory needed is a pair of

be measured simply and with rapidity. controls,

SPECIFICATIONS

Power Supply: Four No. 6 dry cells for the d-c measure-

moents and for driving the microphone hummer are sup

Range: The ra

following tabl

the calibrated dials plied with the Tyee 650-A Dhupedance Bridge and spaes
deende selector switches, for them is provided at the top of the eabinet.
Vinimum Varinoom The Ty 650-1°1 Oscillator-Amplifier deseribed on the
Resistance 1 milliohm n next page is also de d to fit into the battery com-
Capaeitano 1 mieromicro: parttent and provide inereased a-e and d-e output for
furacd the bridge, In addition it has an amplifier for use in th
[ ndduetane: 1 mierohenry 100 henrvs detector eireuit nnd a number of other operating features

R 'he bridge, with Tyes 630-P1 Oseillator-Amplifie
Dissi pation Factoy ( ) JH2 1 installed, is available as the Tyre G30-A P, Sce price list

helow,

" i 02 1000 . . 1
rage Factor (" bl External Generator: Provision has heen mnde for using

an external generntor although its ¢ citanee Lo groun

wet-rending dial covers two dee- mayv introduce tor this linitation, the

Accuracy:

s, Lhwe s t over 12 inches C’ll'tq': 1. widle range 1rom i lew

e to 2 eveles to 10 ke, The effect of generator ground capaeitanes

Lhirec-quarters o

2%
\ecuraey of reading r onpacitance and d-e resistance et be reduced by using o Tyee 578 Transformer betwees
19 for the intermedinte multiplier decades; for in- generator and bridge. (See page 1060, The rending of the

duetpnee, 29, The accurney falls off in the lower ranges main dianl is independene of frequeney, while the reading

heenuse of the extremely small values to be measured, The of the loss dinls wust be corvected for frequeney, Pro-
prror inereases to 20, for very large vadues of enpacitance vision ix mnde for adding external resistanee il it is
und d-e resistance, and to 100, for large values of in- noces=ary to inerease the ranges of these dials,

duetanee

Accessories Required: Farphones;  DBruash, Maodel

A, are recommended. Toinerease the sensitivity, an :\.’:l{-|:»

ipntion fuetor or for storaze
oenl is either 2007 or 0.005,

Vecurney of reading for oi

fnetor in torm k b . oy ,
; fier i3 recommended. (See Tyre 630-1"1  Osecillator

than

dissipntion factors lar
I

stOorage ncetors, Lhe

whirhever is the l

next page.

L
i 107 . For capacitances of less than 500 puf when mesps- Mounting: Black erackle-finish alutminum panel mounted

005 nned for corres Iraey

ured on the lowest capacitance multiplier the error in b o shielded walout enbioet,

CHsts Y eapacitianee -iu.-'.‘zu--.

ton Inetor i

) TS, < (Width) 12 wtd () height) 814
unge about 1009 for 1000 uuf, Dimensions: s 12 .'!III : . wight) =

red i 1
menes, over-ail
I'he fregqueney of the mierophone hummer is 1000 exeles R i
within 5. Net Weight: 3115 pounds ineluding batteries,
Type Code Word Price

650-A Impedance Bridge, with batteries .. .. ... BEAST $260.00*
650-AP Impedance Bridge, with Type 650-P1

Oscillator- Amplifier, A-C Operated . . . FILLY 410.00

Brush, Model A, Earphones . . ........................... TELLO 12.00

*Without earphones, but including batteries,
PATENT NOTICE. For Tyry 650-AP, sce Notes 9 and 14, page vi.

Sehemativ diagrams of the vircuits used in the Tyre 630-A Tmpedance Bridge.

RESISTANCE INDUCTANCE INDUCTANCE
(WHEATSTONE) CAPACITANCE (MAXWELL) (HAY)
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BRIDGES

TYPE 650-P1
OSCILLATOR-
AMPLIFIER

USES: The Tyrr 650-P1 Oscillator-Amplifier
is & useful combination unit designed to fit
mto the battery compartment of the Typre
6350-A Impedance Bridge. The Typr 650-P1
operates from the a-¢ power line and provides
a vacuum-tube oscillator operating at one
kiloeyele, a source of de for resistance meas-
urements, and an amplifier to be used with
earphones or an external a-¢ galvanometer
as the bridge detector.

The Typr 650-P1 is not limited to operation
with the Typr 650-A Bridge and can be used
as a compact oscillator-amplifier combination
with other bridge systems.

DESCRIPTION: The vacuum-tube oscillator,
amplifier, and rectifier for providing the de
are all mounted in a compact metal cabinet
with a top control panel which replaces the
wooden cover normally used on the battery
compartment of the Tyrr 650-A. The control
panel has a switch for selecting either the d-¢
or the one-kiloeyele output, and a switch to
select a flat amplifier characteristic or a re-
sponse tuned to one kilocyele. Both the oscil-
lator output and the amplifier gain can be
varied by panel controls.

FEATURES: > A-C operation of Tyre 650-P1
completely dispenses with need for batteries

for all laboratory measurements on the Tyre
650-A Bridge.

> D-C output is considerably higher than the
6 volts normally provided from batteries.
Thus, when the self-contained galvanometer
is used, the sensitivity of the bridge for higher
resistance values is greatly increased.

> Oscillator frequency is within 1%, of nom-
inal frequency after warm-up periods, thus
minimizing errors in D and ) measurements
aused by dependence of dial calibrations on
frequency.

> Output of oscillator is greater and distinctly
purer than the output of the bridge hummer
which it replaces.

> Oscillator output is adjustable. This feature
is especially valuable when measuring iron-
cored inductors at low flux densities approach-
ing initial permeability.

> Shielded transformer between oscillator and
bridge reduces stray capacitance errors nor-
mally encountered with external oscillators to
values comparable with those from the in-
ternal hummer.

> Typre 650-P1 can be used separately as
oscillator and amplifier or source of de for
other applications.

> Amplifier and filter make possible greater
precision of setting.

SPECIFICATIONS

Oscillator:
Frequeney — 1 ke =17,
Harmonies — less than 49, at full output.
Open-cirenit Voltage — continuously adjustable up to
maximum of 10 to 15 volts,
Internal Tmpedance — 2000 ohims.,
Hum Level — 15 myv.
Amplifier:
Voltage Gain — continuously adjustable up to about
15 db (with average headphones).
SBelectivity — approximately 15 db  attenuation to
second harmonie when tuned to 1 ke.
Humn Level — inaudible.
D-C OQutput:
Open-cirenit Voltuge — 180 volts, approximately.
Internal Resistance — 23,000 ohms,

Maximum Current — 8 ma, no adjustment provided.
Can be short-cirenited without damage.
Hum Level — less than 100 miv no load.
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
GO eyeles.
Power Input: 10 watts,
Vacuum Tubes: (all supplicd).

1 — 6H6 2 — BSL7-GT
Accessories Supplied: Connector for use between
oscillator-amplifier and bridge, and line cord.
Accessories Recommended: Earphones or a-c output
meter for use with amplifier on a-¢ mensurements.
Dimensions: Cabinet— 10} x 21 x 634 inches.
Panel — 12 x 334 inches.

Net Weight: 9 pounds,

T - Cade Word Price i
650-P1 | Oscillator-Amplifier. . ............... BOGUS $150.00
Brush, Model A, Earphones . . . . . .................... , TELLO 12.00
PATENT NOTICE, B8ce Notes 9 and 14, page vi.
GENERAL RADIO COMPANY 21
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BRIDGES

il |

TYPE 667-A INDUCTANCE BRIDGE

USES: This bridge is designed for accurately
measuring the audio-frequency inductance of
small coils, which have a low value of storage
factor, @, at audio-frequencies. It is used by
many coil and receiver manufacturers for all
audio-frequency measurements on the tuning
coils for radio receivers. It is also capable of
measuring higher values of inductance (up to
1 henry) and hence can be used as a general-
purpose inductance bridge. When connected
as a Campbell mutual inductance bridge, it
can be used to measure mutual inductance in
terms of the internal standard, Terminals are
provided so that the bridge can be connected
as a resonance bridge for such measurements
as the ratio of a-¢ to d-¢ resistance. The d-c
resistance can be determined by using a
battery and galvanometer in place of the
usual a-e¢ generator and detector.

DESCRIPTION: The Tyre 667-A Inductance
Bridge is a conventional impedance bridge
specifically designed for inductance measure-
ments. The necessary design features to
eliminate residual sources of error and to make
the bridge direct reading have been incor-
porated. The variable resistors in both the

standard and the unknown arms are induct-
ance compensated, identical in construction
with Type 670 Compensated Decade Resistor,

The variable inductor, L ,, in series with the
unknown makes it possible to obtain a final
inductance balance independent of the re
sistive balance of the bridge. The standard
inductor is wound on a ceramic toroidal form
in order to minimize magnetic coupling with
the variable inductor, The switch, K. is used
when the bridge is connected as a resonance
bridge.

FEATURES: > Iligh accuracy (within 0.1 gh)
for the measurement of small inductances is
one of the outstanding features of this bridge

> Frrors introduced by a sliding-zero balance
and the variation of inductance with setting
of the decade resistors have been eliminated.
Thus, inductances of a few microhenrys can
be measured easily and aceurately.

> An internal standard is provided for con-
venience, but terminals are available for ex-
ternal standards when necessary to extend
the range of the bridge.

92 GENERAL RADIO COMPANY
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SPECIFICATIONS

Range: Inductanee, 0.1 microhenry to 1 henry. The
range ean be extended by using Tyre 1482 Standard
Induetors as external standards. When the internal
standard is used, the bridge will balance for storage
factors between 0,06 and infinity at 1 ke,

Accuracy: Inductance, +=(0.27; +- 0.1 xh). The cupaci-
tance across the UNKNOWN terminals is about 90 puf.
Thix capaeitance will inerease the measured value of lurge
induetors fractionally by the wnount «*LC. At 1 ke and
1 I the increase is ().Zfl}‘l.

Frequency Range: All ealibration adjustments are made
at a frequency of 1 ke. The bridge can be used at am
frequencey between 60 eyeles and 10 kiloeyeles, but errors
resulting from stray ecapacitance inerease with frequency.
When large values of induetance are measured with
external standards, the frequeney should be lowered to
avoid resonance effects,

Standards: The stundard induector is a l1-millilienry
toroid wound on & ceramic form, Resistance balance of
the bridge is made by means of resistors having small
residdual induetances,

Mounting: The bridge is supplied in a shielded cabinet.
Accessories Required: Oscillator, amplifier, and
earphones. T'yre 1214-A Oscillator (see page 164) and
Tyre 1231-B Amplifier and Null Detector (see page
107), or the Typre 1212-A Unit Null Detector (see page
111) are recommended.

Accessories Supplied: Two Tyre 274-NC Shielded
Connectors,

Dimensions: (Length) 1714 x (width) 16 x (height) 9)%
inches, over-ull,

Net Weight: 33 pounds.

Tupe

667-A

Inductance Bridge. . ... .. ...

BRIDGES

GENERATOR

Ly

UNKNOWHN

Code Waord Price

AERIE $450.00

TYPE 1604-B COMPARISON BRIDGE

2

Pox
SATICS FAITON
O R

USES: The Typr 1601-B Comparison Bridge is
designed for the rapid festing of components
at audio frequencies, by comparison with an
appropriate standard. Typical measurements
for which this versatile instrument is suited
nclude: production testing of ganged poten-
tiometers or capacitors for tracking; measure-
ment of small values of capacitance; cheeking
center-tapped windings for proper location of
tap. In production and in the development
laboratory, the bridge is useful for the rapid
matching of components for use in eritical
circuits.

DESCRIPTION: This instrument is completely
self-contained, consisting of a bridge circuit,
an oscillator operating at 400 ¢, 1000 ¢, and
5 ke, and a sensitive cathode-ray-tube visual
detector.,

The bridge circuit consists basically of a
pair of resistive ratio arms, with a precision

GENERAL RADIO COMPANY 93
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BRIDGES

linear potentiometer providing a calibrated
variation from unity. A differential capacitor
across the ratio arms provides the phase-angle,
or dissipation-factor, balance. Two ranges of
impedance difference are provided, =+209%
and =+59%,. Provision is made for switching
the point at which the bridge can be grounded,
so that measurements can be made with the
unknown either grounded or not, as desired.
The oscillator is a conventional R-C phase-
shift oseillator which is coupled to the bridge
through a shielded bridge transformer and a
cathode follower. The cathode follower elimi-
nates any reaction of the bridge back on the
oscillator, while the transformer shielding pre-
vents any unbalanced voltages from the oscil-
lator from affecting the bridge balance. A
differential capacitor is used to balance the

capacitance from the transformer shield to th
ends of the shielded winding,

The detector is a three-stage, high-gain
non-linear amplifier. The highly non-linear
response permifts the bridge to be balanced
without continual resetting of the gain con-
trol. Balance is indicated on a eathode-ray
tube,

FEATURES: > Rapid measurements.

> Three measuring frequencies.

> High accuracy.

> Wide impedance range.

> Requires no accessories — ready for opera-
tion when connected to power line.

> Visual null indicator.

> Grounded or ungrounded measurements
can be made.

SPECIFICATIONS

Deviation Range: FFor impedance difference, 4377 and
209, seleeted by a panel switel. For dissipation factor
difference, 4=.006 at 400 ¢, ==.013 at 1 ke, 4=.075 ut 5 ke,
Impedance Range and Accuracy: Impedances between
2 0 and 20 MQ ean be compared. For the 59 deviation
range the basic accuracy is 4 0.19}, but at extreme values
of impedance the error is somewhat greater. The
range for resistors, capacitors, and inductors for which
the -+0.19, accuracy applies is given in the table:

Frequency R L ¢
400 ¢ 221020 M2 2mh to 1500 h| 100 pf to 50 wuf
1 ke [20to20M2 1mhto 250h 30 uf to 50 uuf
Hke [4Qto 2ME200 ghto 10h| 2 uf to S0 pul

These ranges apply for comparison of eomponents whose
dissipation factor differences do not exceed .02. On the
209 deviation range the sceuracy is ==0.59; over the
same Iimpedance ranges.

Dissipation Factor Accuracy: The aceuracy of
meansurement of differences of dissipation factor is:

Frequeney Aceuracy

= (0,0002 4+ 29, of the impedance difference)

400 ¢
1 ke | S=(0.0005 4 29 of the impedance difference)
5 ke | Z=(0.0025 + 29, of the iinpedance difference)

Frequency: Frequencies of 400 ¢, 1 ke and 5 ke are
provided, selected by panel switeh. The frequency is
within =4=3% of the nominal value,

Grounding: Two ground positions are provided, one of
which grounds the junction of the standard and unknown
impedances, With this connection the total impedances
between the high terminals and ground are compared. In
the other conneetion the junction of the ratio arms of the
bridee is grounded, leaving both terminals of the stand-
ard and unknown ungrounded. With this connection the
direet impedance between terminals of & component is
measured, and terminal fmpedanees to ground, within
certain limits, will not affect the bridge balance.
Voltage Applied to Unknown: Approximately one
volt, for impedances above 500 £ For lower values of

Tupe

1604-B | Comparison Bridge ..........

PATENT NOTICE. See Note 2, puge vi,

94

impedance the voltage is deereased, corresponding to s
source impedanee of the order of 100 €.

Zero Adjustment: An adjustable index mark is pro
vided with locking means go that the zero can be offse
1o correspond to the deviation of the standard component
from the desired nominal value,

Power Supply: 105-125 '(or 210-250) volts, 50 to 60
eyveles,

Accessories Supplied: Line-Connector cord.
Accessories Required: Adjustable calibrated standards
such as the Type 1432 Decade Resistors, Tyrer 219
Decade Capacitors, and Tyer 1490 Decade Induectors
may be used. Fixed standards such as the Tyre 500
Standard Capacitors, Tyre 1481 and Tyee 1482 In.
ductors, and Tyre 500 Resistors may also be used when
ever appropriate values are available.

For produetion tests, the stundard is often a component
of the type to be tested, that has been measured inde
pendently or otherwise selected.

Accessories Available: Typrs 1231-P2 and 1231-P%
Filters (pages 108 and 109) for providing frequeney
digerimination.

Mounting: Welded aluminum cabinet,

Dimensions: (Width) 12 inches, (height) 1414 inches,
(depth) 10 inches, over-all,

Net Weight: 2214 pounds.

UNKNOWN

Basic schematie diagram of the bridge ecircuit used in
the Tyre 1604-3 Comparison Bridge.

Price

$390.00

_Code Waord

FATTY

GENERAL RADIO COMPANY
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BRIDGES

TYPE 1612 R-F CAPACITANCE METER

USES: The Tyre 1612-A R-F Capacitance
Meter is a device for conveniently measuring
apacitances up to 1200 ppf at 1 megaceyele.

With the addition of a simple test jig, the
Capacitance Meter is easily adapted for the
rapid measurement of capacitors in produc-
tion. With test cells, it has been used in
chemical processes to compare the concentra-
tions of ingredients in a process with a
standard mixture.

The low-range model, Typr 1612-A1L, is par-
tieularly useful in measuring the capacitance
between terminals of a vacuum-tube socket
(REETMA Specification TR-111). Adaptors
for the measurement are listed below.

DESCRIPTION: A one-megacyele oscillator is
loosely coupled to the measuring cireuit, which
incorporates a calibrated capacitor, an induc-
tor, and w erystal rectifier and microammeter.
Manual control of the oscillator output is
provided.

Measurement is made by a substitution
method in which the capacitance of the cali-
brated capacitor is reduced to re-establish
resonance after the unknown eapacitance is
connected to the X terminals.

The relative loss for capacitors similar in
structure is indicated by the maximum deflec-
tion of the meter at resonance.

FEATURES: > [Zase and speed of measurement.
> The range of the instrument covers capaci-
tors commonly used in r-f circuits.

> Comparative indications of diclectrie losses
are readily obtained.

> Simple and accurate.

> A-C or d-¢ operation,

> Capacitances as low as 0.05 pul can be
measurcd on the Tyre 1612-A1, model.

SPECIFICATIONS

Capacitance Range: Tyre 1612-A, 0 to 1200 puf in two

bands — 0 1o 80 ggd and 0 to 1200 wef; Tyre 1612-AL,

0 to 100 jugef in two bands— 0 to 10 guf and 0 to 100 guf.

Ranges are switehed automatically as capaeitance dial is

rotated.

Capacitance Accuracy:
Type Low Range

iéIZ-A

H igh Range

l 0.4 ppef below 10 puf | =4 uuf helow 100 puf
449 above 10 upf 447 nhove 100 upf
1612-AL 0,04 gl helow 1 ppl | 0.4 puf below 10 guf

447 ahove 10 uuf

l =400 nhove 1 puf

Meter Circuit: Square law.
Voltage Across Unknown: (for High () capacitors)

1612-A Iigh Range 10 volts full seale
Low Range 35 volts full seale
1612-AL High Range 35 volts full seale

Low Range 106 volts full seale

Capacitance Scale: Senle is spread out at low end of
dial and nearly linear at high end. For Tyree 1612-A,

smallest division is 1 wuf for the low range and 20 uuf
for the high range. For Tyre 1612-AL, smallest seale
divisions ure 0.1 and L0 gpf, respectively. Minimum meas-
urable eapacitance is about one-half the smallest division,
Dielectric Losses: Relative meter indications with
different dielectrie samples give a compuarative measure
of dielectric loss,

Oscillator Frequency: 1 megacvele =177 adjusted at
factory. Frequency ecan be readjusted if necessary by
means of a movable dust core.

Resonance Indicator: A I N34 crystul rectifier is used
with a microsmmeter to indicute resonunce,

Tube: 117N7-(G'T.

Accessories Supplied: Line connector cord and spare
fuses.

Power Supply: 115 volts, 50 to 60 eyeles ae, or de.
Power Input: 12 watts at 115 volts, ae. 11 watts at 115
volts, de,

Dimensions: (Length) 12 x (height) 635 x (depth) 714
inches, over-all,

Net Weight: 12 pounds, 4 ounces.

Type B B Code Word Price
1612-A R-F Capacitance Meter. . ...... ARSI B R &6 AFTER $220.00
1612-AL R-F Capacitance Meter. . ......oovinvennnvins wa'y AGAIN 220.00

PATENT NOTICLE, Soe Note 2, page vi.
SOCKET ADAPTORS FOR USE WITH TYPE 1612-AL (For RETMA Specification TR-111)
1612-P1 Adaptor for 7 -pin miniature . ... ... o ool HEPTA $9.00
1612-P2 Adaptorfor othals s i veveieiresssomrvaniossnessere OCTAL 9.00
1612-P3 Adaptor for 9-pin miniature noval ............... NOVAL 9.00
GENERAL RADIO COMPANY 95
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BRIDGES

TYPE 916 RADIO-FREQUENCY BRIDGE

USES: The Tyrr 916 Radio Frequeney Bridge
is designed for impedance measurements at
radio frequencies. It can be used to measure
directly the reactance and resistance of
antennas, fransmission lines, and eirenit
clements. The use of an external parallel
capacitor makes it possible to measure parallel
tuned circuits, high resistances, and other
high impedances.

The bridge is intended for measuring low
impedances and complements the Typr 821-A

UNKNOWN

Twin-="l', which is best suited {or measuring
high impedances. Two models are available:
Tyre 916-\, for frequencies between 100 ke
and 60 Me:; and Tyee 916-AL for frequencies
between 50 ke and 5 Me. For measurements in
the standard broadeast band, the Tyee
016-A L is recommended, because of its higher
sensitivity in that frequency range.

DESCRIPTION: The bridge circuit used is
shown schematically in the dingram below.
Measurements are made by a series-substitu-
tion method. The components of the unknown
impedance are determined from the change in
settings of capacitors 'y and Cp. The un-
known reactance at 1 Me is read (lil't'l'll_\' n
ohms from the dial of Cp, and the unknown
yesistance in ohms from the dial of C'4.

In making measurements the bridge is first
balanced by means of capacitors C'p and €
with a short-cireuit across the unknown termi-
nals, The short is then removed, the unknown
impedance connected, and the bridge re-
bulanced. The resistance is then given by

‘:-; — £.47)

(
Ii’.‘ s I‘)I{k 3
Cy

and the reactance by

96 GENERAL RADIO COMPANY
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where the subscripts 1 and 2 denote the dial
readings for the initial and final balances,
respectively.

The resistive component is measured in
terms of a fized resistor (Ry), a fixed capacitor
Cy), and a variable capacitor (C4). This
feature 1s 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.

FEATURES: > Direct-reading in resistance,
independent of frequency.

> Direet-reading in reactance at a single
frequency; reactance at other frequencies is
determined by dividing dial reading by oper-
ating frequency.

> Rapid, convenient, and accurate for antenna
impedance measurements,

> Wide frequency range.

> Easily portable — carrying case is rugged,
and cover provides storage space for cables.

BRIDGES

REACTANCE IN OHMS

"
=
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o
=
w
o
z
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FREQUENCY IN Mc

Reactance and resistance of an antenna system measured

with the Tyre 916-A Radio-Frequency Bridyge.

SPECIFICATIONS FOR TYPE 916-A

Frequency Range: 400 ke to 60 Me,

Reactance Range: -£35000 £ at 1 Me. This range varies

inversely as the frequency, and at other frequencies the

dial reading must be divided by the frequeney in mega-

cyveles.

Resistance Range: () to 1000 £,

Accuracy: l'or reactance, at frequencies up to 50 Me,

o+ 12 4 0.0008 X R X

ured resistance in ohms and f is the frequeney in Me.
For resistance, at frequencies up to 50 Me, +=(1%

4 (¢

£), where R is the meas-

-+ 0.1 ), subject to correction for residual parameters.
At high frequencies the correction depends upon the
frequency and upon the magnitude of the unknown
resistance component, At low frequencies the correction
depends upon the frequeney and upon the magnitude of
the unknown reactance component, Plots of both these
corrections are given in the instruetion book that is
supplied with the bridge.

Satisfactory operation can be obtained at frequencies
up to G0 Me with somewhat poorer accuracy above
50 Me than at lower frequencies,

SPECIFICATIONS

Frequency Range: 50 ke to 5 Me. Satisfactory opera-
tion for many measurements can be obtained at frequen-
cies as low as 15 ke.

Reactance Range: -=11,0002at 100 ke, This range varies
inversely as the frequency, and at other frequencies the
dial readings must be divided by the frequency in hun-
dreds of kiloeycles. To facilitate the measurement of small
reactances, the instrument is provided with an incre-
mental reactance dial which has a range of 100 ohmns
at 100 ke.

Resistance Range: () to 1000 2.

Accuracy: lor reactance at frequencies up to 3 Me,
100

Q 4+ 3.502R X 1070 Q) where R is

(2% + 0.2 X

Jke

Tupe

Accessories Supplied: Two input transformers, one
covering the lower portion of the frequeney range, the
other the higher portion; two leads of different lengths
(for connecting the unknown impedance); two 874-R21
Coaxial Cables for connecting generator and detector;
one Tyre 8S74-PB Panel Connector.

Other Accessories Required: Radio-frequency gener-
ator and detector. The Tyre 1330-A Bridge Osecillator
and the Type 1211-A Unit Oscillator are satisfactory
generators as are the Tyee 1001-A and the Tyre 805-C
Standard Signal Generators. A well-shiclded radio
receiver covering the desired frequency range makes a
satisfactory detector. It is recommended that the
receiver be fitted with the Tyre 874-PB Panel Connector
supplied to avoid leakage at the input conneetion.
Mounting: Airplane-luggage type case with carrying
handle. Both input transformers are stored inside the
case. Coaxial cables, leads, and instruetion book are
stored in the cover of the instrument when not in use.
Dimensions: 17 x 131 x 1115 inches, over-ull.

Net Weight: 341 2 pounds,

FOR TYPE 916-AL

the measured resistance in ohms and fy. is the frequency
in kiloeyveles. The errors in reactance inerease relatively
rapidly at frequencies above 3 Me: and at 5 Me the aceu-
racy is == (29, 4+ 0.01 @ + 2.3 R X 10~2Q), For resist-
ance, at frequencies up to 5 Me, +(19% 4 0.1 2), subject
to correction for residual parameters at low frequencies.
The correction depends upon the frequency and upon the
magnitude of the unknown reactance component. A plot
of this correction is given in the instruction book supplied
with the bridge.

Other specifications are identical with those for Tyre
916-A, above

916-A
916-AL

PATENT NOTICE. See Notes 3, 4, and 12, page vi.

Radio-Frequency Bridge (400 ke to 60 Mec )ﬁ |
Radio-Frequency Bridge (50 ke to 5 Mc). . ..

! ("ml:' Word ) Price
CLVIC $495.00
CLUCK 535.00

GENERAL RADIO COMPANY 97
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BRIDGES

STt Ton QAPACITANGE
s

UNKNOWN

CONDUGTANDE
snte

TYPE 821-A TWIN-T IMPEDANCE MEASURING CIRCUIT

USES: This instrument is used for impedance
measurements at radio [requencies between
0.46 Me and 40 Me, It is calibrated in ecapaci-
tance and conductance and can be used to
measure the capacitance and dissipation fac-
tor of ecapacitors, the inductance and @ of
coils, the resonant impedance of parallel tuned
cireuits, and the magnitudes and phase angles
of high resistances. Through the use of an
external fixed capacitor, low resistances,
grounded antennas, coaxial transmission lines,
and impedance-matching networks can be
measured. It is particularly useful for measur-
ing impedances having small phase differences
from zero or 90°% such as diclectric samples,
low-loss ecapacitors, high-Q coils, and r-f
resistors, and for accurately indicating the
end point in titrations,

DESCRIPTION: The instrument uses a Paral-
lel-T" null eireuit, as shown in simplified form
in the schematie diagram. Measurements are
made by a parallel-substitution method. An
initinl balance of the cirenit is obtained with
the unknown disconnected; the unknown im-
pedance is then connected and the eireuit re-
balanced for a null. The components of the
unknown impedance are determined from the
changes in setting of capacitors 'y and Ce.
The measurement is made in terms of the ad-
mittance components of the unknown.

The value of conductance is given by :

s 06 e
G: = o C'C"R —7 = kuACq,

((flf -

and the dial of (¢ is calibrated to be direet
reading at 1, 3, 10, and 30 Me. For other fre
quencies, the dial reading is multiplied by the
ratio of the squares of the working and direct-
reading frequencies. I'or the initial balance,
the conductance dial is set at zevo.

The setting of the capacitor C'z determines
the susceptive balance. The calibrated capac-
itor dial is direct reading in micromicro-
farads. Capacitance can therefore be measured

POWER SOURCE

DETECTOR
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directly. For other types of unknown, it is
generally more convenient to use the sus-
ceptance,

B: = wACH.

Impedance components, reactance and re-
sistance, can, of course, be caleulated from
the admittance components.

The Twin-T" is mounted in a shielded, air-
plane-luggage type case and is completely
portable. Typrr 871 Coaxial Connectors are
used for the generator and detector terminals.
The unknown connects directly to terminals
on the panel.

FEATURES: > The accuracy of measurement
at high frequencies is achieved by eliminating
the effects of some of the residual capacitances
which normally limit the performance of
bridge cireuits.

> Highly precise balances are made possible
by the type of null method used with the
Twin-T.

> No transformer is needed because the
generator, the detector, the unknown, and
the two standard ecapacitors are brought to
a common ground point,

> The mechanical arrangement keeps leads
short and direct, thus minimizing lead im-
pedances.

BRIDGES

CAPACITANCE ~puf

-
2
E
a
w
o
3
-
o
>
a
=

FREQUENCY = Mc

Capacitance and Conduetance of a Tyer 110-A R-F
Choke as measured on the Twin-T.

> The circuit elements themselves are de-
signed to have low residual impedances.

> lirrors inherent in variable resistors at high
frequencies are avoided by measuring sus-
ceptance in terms of an especially designed
variable air capacitor, and conductance in
terms of a variable air capacitor and a fixed
resistor of the 603 type.

SPECIFICATIONS

Frequency Range: 460 ke to 40 Me.

Capacitance Range: The dial of the standard capacitor
is calibrated from 100 to 1100 pef, and the range of capaci-
tance measurement by the parallel-substitution method
is therefore 0 to 1000 wuf.

Susceptance Range: — 6000 umho to 46000 gmho at
I Me. The range varies directly as the frequency, and at
other frequencies the dial reading must be multiplied by
the frequeney in megacey eles.

Conductance Range: Direct Reading:

Interior view of the Twin-T,

() =— 100 gmho at 1 Me 0 — 1000 gmho at 10 Me
() — 300 gimho at 3 Me 0 — 3000 gmho at 30 Me
Between these direet-reading ranges the range of the con-

ductance dial varies as the square of the frequeney.
Accuracy: =4(0.19; 4+ 2 uul) for capacitance. For con-
duetance, (29, of actual dial reading + 0.1, of full
scale). At the higher frequencies, although residual pa-
rameters are kept small, corrections must be applied,
and the correction data are included in the instruction
book.

A correction chart for the precision capacitor is sup-
plied, giving scale corrections to 0.1 puf at multiples of
100 wuf. By using these data, eapacitance measurcments
can be made to 20,17 or £=0.8 uuf, whichever is the larger.
Accessories Supplied: Two Tyre S7T4-R21 coaxial
cables for eonnections to generator and detector; Type
874-P Panel Connector,

Other Accessories Required: A suitable radio-fre-
queney generator and a detector are required. The Typer
1330-A Bridge Oseillator (page 166) is recommended as a
generator, and a well-shielded radio receiver covering the
desired frequency range is a satisfuctory detector, If is
recommended that the receiver be fitted with the Tyre
874-P Panel Clonnector supplied to avoid leakage at the
input connection.

Other Accessories Available: For measurements on un-
guarded dielectrie specimens, the Tyre 1690-A Dielectric
Sample Holder (page 88) is recommended.

Mounting: The instrument is mounted in a shielded,
airplane-luggage type of case with earrving handle.
Dimensions: 174 x 12 x 914 inches, over-ull,

Net Weight: 20 pounds.

B Type - 7('0«!:' ”'rlrri I Q';t't,'
S21=A.  ["TWIneT o cq v s e RREENE | | LAGER $570.00

PATENT NOTICE. See Notes 3, 4, and 7, page vi.
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BRIDGES

MITIAL BALANGE

TYPE 1601-A V-H-F BRIDGE

USES: The Tyrr 1601-A V-II-I" Bridge is
designed  for the direct measurcment  of
relatively  low  impedances at frequencies
between 10 and 165 megaeyeles. It will
measure high impedances indirectly. Among
its applications are measurements on an-
tennas, lines, networks, and components. It
is particularly well adapted for the aceurate
measurement of 50-ohm coaxial systems, and
is supplied with a coaxial adaptor to fit the

Basic bridge cirenit for the Tyre 1601-A V-11-F Bridge.

100

bridge unknown terminal. For measurements
on components and other lumped impedances,
a pair of terminals (one grounded) or a single
terminal with ground plane are provided.

DESCRIPTION: The measurement is made by a
series substitution method using the same
basic bridge circuit as the Tyer 916-A and
Tyre 916-AL Radio-Frequency Bridges. The
resistive and reactive components of the
unknown impedance are measured in terms of
incremental eapacitances, and the magnitude
of each is indicated on a separate dial. Cali-
brations are in ohms resistance and in ohms
reactance at 100 megacyeles. The resistanc
dial calibration is independent of frequency
Leactance at any other frequency is obtained
by dividing the dial reading by the operating
frequency in hundreds of megacycles.
Particular attention has been paid to the
design of the bridge transformer and of the
terminal structure to which the unknown im-
pedance is connected, in order that the hridg
be direct-reading, with a minimum of correc-
tions. Although residual parameters have heen
minimized in the bridge design, corrections
are necessary, as in all bridges, for those
residuals which cannot be eliminated or com-
pensated for. These corrections have been

GENERAL RADIO COMPANY

. File Courtesy of GRWiki.org



ZIX REAGTANGE GCOMPONENT *+IX
2 7

BRIDGES

0.2

REACTANGE  COMPONENT 11X
o

Leffy Plot of the impedance of a single element of a l6-element antenna array as measured on the Tyrr 1601-A
VoH-I" Bridge. Numbers on curve indicate frequency in megacyeles. (Right) Plot of the impedance of the entire
16-clement array, as zeen from the transmitter.

plotted in the form of convenient charts,
which are supplied in the instruction book.

Generator and detector terminals ave the
General Radio Tyree 874 Coaxial Connectors.
This type of terminal is also used on the co-
axial adaptor for the bridge unknown ter-
minal.

FEATURES: » This bridge is as convenient to
use as those operating at much lower fre-
quencies.

> Terminal arrangement permits both coaxial
and lumped cireuits to be measured.

> Bridge is small enough and light enough
to permit its use in locations such as antenna
towers which would be inaccessible to heavier
equipment.

> Accuracy is better than that obtainable
with other methods at these frequencies.

> Dials are direct-reading in both resistance
and reactance.

SPECIFICATIONS

Frequency Range: 10 Me to 165 Me., Satisfactory oper-
wion ean, for some measurements, be obtained at fre-
juencies as low as 2 Me and as high as 175 Me, but the
ridge sensitivity decreases markedly at frequencies be-
vond the nominal range of 10 1o 165 Me. In addition, the
wenraey of measurerment of small reactances decreases
w the frequency decreases, owing to lack of precision in
reading the regetance dial, whose range is inversely pro-
portional to frequeney, and at frequencies above the
wiminal range the corrcetions heeome larger.

Reactance Range: =200 olis at 100 Me, Dial range
varies inversely with frequeney and is ealibrated at
100 Me.

Resistance Range: ) to 200 olims, independent of
frequeney,

Accuracy: I'or resistance, =+ (29, = 1 Q) subjeect to eor-

rection for inductance in the capacitor used to measure

ance. The correction inereases with frequeney and

1 the magnitude of the resistive component, A correc-

tion chart is supplied with the instrument, “I'he ohimie un-

:lilll}' Jlu!}t':lh‘z] in the aceuraey statement, namely
mitude of the

I ohin, is roughly proportional to the n

reetive component ot the unknown iTll]H'll.‘lllf‘i\ The indi-
ated value is the maxinuam obtainable, and the minimum
s (.1 ohm,

For reactance, 4=(5% <+ 2 £2). The ohmic uncertainty

sroughly proportional to frequeney and to the magnitude

Ty
1601-A
874-WM | 50-Ohm Termination® . . . ..

PATENT NOTICE.

*See Notes 3 and 4, page vi.

V-H-F Bridge®j.............

of the resistive component. The maximum value is indi-
cated and the minbmum value is 0.1 ol at 100 Me.
Accessories Supplied: Two Tyre STI-1R20 Cables; one
Tyre 1601-204 Conxial Lxtension Assembly; one Type
874-W N Short-Cireuit Termination: one Short-Circuiting
Cap; one Tyre 8T4-P Panel Connector; Smith (Charts.
Other Accessories Required: H-1" generator and re-
ceiver covering the desived frequeney range; Tyre 1208-A
Oseillator (page 168) iz recommended for frequencies
above 63 Me, and, for lower frequencies, the Tyre 13350-A
Bridge Oseillator (page 166). Both oseillator and receiver
should be reasonubly well shielded, Tt i1s reconnnended
that the reeciver be fitted with the Tyee S7T4-P Panel
Connector supplicd to avoid leakage at the mput con-
neetion.

Additional Accessories Recommended: A ‘I'ves
ST4-WNM S0-ohin Termination is useful in checking the
1S

30) ll];_'r adjustinent The generator and detector tert

are Typre 874 Coaxinl Connectors. Adaptors for connee-
and to

nsmission line are listed on pages

tion to the various types of military connectors
V-H-F 12g-ineh

An additional adapter will be needed when

coaxinl systems to be measured are fitted with military
connectors,

Dimensions: (Length) 1315 x (height) 9 x (depth)
1014 inches, over-all.

Net Weight: 18 pounds,

Code Word Prive

FLORA
COAXMEETER
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TYPE 1602-B U-H-F

USES: The Admittance Meter is a null-type
imstrument for determining the components of
an unknown admittance in the VHF-UHTF
range. It is designed primarily for measure-
ments on coaxial systems: antennas, lines,
coaxial components, ete. It can be used as an
indicator for adjusting a network to a prede-
termined 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 Admitiance Meter can
be used to determine impedance magnitude,
reflection-coefficient magnitude, and voltage
standing-wave ratio.

The usefulness of the Admittance Meter is
greatly enhanced by the many accessories re-
cently made available for use with it. Among
these are:

The Tyre 874-LK Constant Impedance Ad-
justable line (page 130), 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

Admittance Meter dials read directly in im
pedance parameters, i.e., the series resistance
and reactance of the unknown,

The Tyrr 874-UB Balun, (page 132), for
use in measuring balanced impedances, such
as TV receiving antennas and transmission
lines.

The Tyre 874-M Component Mount (page
129), which provides a convenient means of
connecting lumped elements (resistors, capack
tors, or inductors) to the Admittance Meter
for measurement.

Adaptors (page 137) for all commonly used
types of military connectors.

Adaptors (page 136) for VHF (124-inch)
and UHI (3Y4-inch) transmission lines used
with TV transmitting antennas. With thes
adaptors and the adjustable line mentioned
above, the over-all accuracy of measurement
is more than adequate for antenna measure
ments in design, test, and installation.

DESCRIPTION: The Tyrr 1602-B Admittance
Meter comprises a coaxial line to which the
unknown is connected and has @ shielded

102 GENERAL RADIO COMPANY
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Admittance Meter set up with eomponent mount and
wdinstable line to measure resistors at 500 megaeycles

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
we in phase, and the current in each line is
proportional to the admittance. The voltage
induced in each loop is proportional to the

BRIDGES

current in the corresponding line and is de-
pendent 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 matched by adjusting the loops coupled
to the standard lines until a null is reached.
The conductance and susceptance of the un-
known are read directly from the scales of the
standard loops, while the scale of the loop in
the unknown line indicates multiplying factor.

FEATURES: » Diual scules are direct-reading,
independent ol frequeney.

> No sliding balance: conductance and sus-
ceptance adjustments are independent,

> No initial balance is necessary.

> Wide-frequency range—direct-reading from
41 to 1000 megneyeles; Can be used at fre-
quencies as low as 20 Mc and as high as
1500 Me,

» Covers completely both V-H-F and U-H-F
television bands.

> Accurate, rapid, and easy to use.

SPECIFICATIONS

Range: Theoretically, zero to infinity; practically, the
ower limit is determined by the smallest rendable inere-
nent on the seale which is 100 micromhos (0.1 millimho).
I'he upper limit is 1000 millimhos. Range is the sume for
both conductance and susceptance, but susceptance can
he eather positive or negative, i.e., the susceptance dial is
ealibrated from —20 to 420 millimhos. Multiplying fae-
tors from 1 to 20 are provided, and factors from 20 to 100
an be determined approximately.,
Frequency Range: 41 to 1000 Me, dircct-reading.
Runge ean be extended downward to 20 Me, if u frequency
worrection is applied tor the susceptance reading, and
wwird to about 1500 Me.,
Accuracy: I'or both conductance and susceptance (up to
1000 Me):

from 0 to 20 millimhos (39, 0.2 millimho)

from 20 to s« millimhos (3 V M%, 4+ 0.2 millimho)

where M is the seale multiplyving factor, Above 1000

Me, errors inerease slightly, and, at 1500 Me, the

baste figure of 3%: in the expression above hecomes

5. For matehing impedances to 50 ohms, the aceuracy

is 39 up to 2000 Me.
Accessories Supplied: One Tyre 1602-P4 50-2 Termina-
tion, for use as conductance standard, and one ‘I'vee
1602-11 Adjustable Stub and one Tyre 1602-P3 Variable
Air Capacitor, for susceptance standards; two Ty
874-1120 Pateh Cords for connections 1o generator
detector; and one Tyre ST4-PB Panel Connector
installation on detector. A wooden storage case is
furnished.
Additional Accessories Required: Generator and
letector, Generator should cover desired frequeney range
ind deliver between 1 volt and 10 volts, Tyre 1208-A
63 to 500 Me), Tyee 1215-A (50 to 250 Me) and Tyre
1209-A (250 to 920 Me) Unit Oscillators (see page 1068),
are recommended. The Tyre 1021-AU and AV Standard-
Signul Generators are also satisfaetory,

Deteotor sensitivity should be better than 10 micro-
volts, Recommended detector is a heterodyne system

I'ype
1602-B | U-H-F Admittance Meter

PATENT NOTICE, See Notes 3 und 4, page vi.

consisting of the Typr ST4MIR Mixer Reectifier (page
120), the Tyre 1216-A Unit I-I" Amplifier (page 118) and
u second Unit Oscillator to provide the heterodyning
frequencey,

Other Accessories Available: Coaxial adaptors (page
136G); line stretcher (page 130); balun (page 132); and
component mount (page 129),

Terminals: All terminals are Tyere 874 Coaxial Con-
nectors, Adaptors are available for other coaxial systems
(page 130),

Dimensions: 714 x 514 x 514 inches, without standards
and unknown connected,

Net Weight: 14 pounds,

Schematie dingram of admittance meter eireuit, with
standnrds, generntor, and null detector conneeted for
admittance measurements,

Codde Word Price

' HON LY I
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BRIDGES

TYPE 561-D VACUUM-TUBE BRIDGE

EEE
IIIII

. R

«pad
Left. Panel yview of the Tyrer H561-1) Vacuum.
Tube Bridge.

Above. Adaptors, leads and pateh vords sup

plied with the Vacuum-Tube Bridge, Thes

permit connection to all standard receiving

tubes and  transistors, Tubes with  non

standard bases ean also be measured using

the Universal adaptor equipped with solder
Iags.,

USES: The Tyre 561-D Vacuum-Tube Bridge
makes possible the measurement of the low
frequency dynamic coefficients of vacuum
tubes and transistors over very wide ranges
of values and under a wide variety of
operating conditions, The circuits used are
such that independent, direct-reading meas-
urements of forward and reverse voltage-
amplification factor, resistance, and trans-
conductance can be made quickly and easily.
Interelectrode and other stray capacitances
are balanced out in such a manner that
awkward correction factors, common to most
vacuum-tube bridge cireuits, are unnecessary.

In the field of development and research,
the instrument, in addition to providing
accurate measurements of the usual par-
ameters, affords a means of studying the
behavior of tubes and transistors used i
unconventional and special eircuits, where
any one of the electrodes may be used as the
operating electrode and where the parameters
may have negative values.

The cireuits have large enough current-
arrving capacity and sufficient insulation so
that low-power transmitting tubes may be
tested in addition to receiving tubes and
transistors.

DESCRIPTION: The bridge makes use of alter-
nating-current null methods ol measurement,
in which phase shift and capacitance errors
have been given speecial consideration in order
that the operating range of the bridge may be
as wide as possible. Iach of the three coeffi-

104

cients is obtained in terms of the ratio of twe
alternating test voltages. A third voltage is
employed in the capacitance balaneing eireuit,
but its value does not enter into the resulis,

An extremely flexible arrangement of the
control cireuits makes it possible to measure
the parameters referred to any pair of
clectrodes. Connections from the tube or
transistor under test to the mt-.umin;: cireuit
are made by means of concentric cables and
jacks, connected to a nine-terminal Jack
lelo_. mounted on the panel. Sixteen con-
centric plugs are mounted on the panel,
permitting a wide variety of interconnections
between the jack plate, the measuring cireuit,
and external power supplies.

Eleven adaptor plates are provided. Ten of
these carry different standard tube sockets,
and one is a “universal” adaptor furnished
with soldering lugs. Socket ad: aptors and
sockets that can be mounted on the universal
adaptor are furnished for sub-miniature tubes
and transistors.

FEATURES: > A simple and straight{orward
measurement procedure is used and-is ex: actly
the same for all three coefficients, A three-
position switch is turned to the desired quan-
tity, multiplier switches are set at the appro-
priate value, and a null balance is obtained
by adjusting a three-decade attenuator and a
variable capacitor. At balance, the decades
read the quantity being measured directly to
three significant figures.

GENERAL RADIO COMPANY
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Simplified diagram of the circuit employved for the meas-
transconductance with the Tyre 561-D
driddge. The a-¢ plate current resulting
from the application of ¢; to the grid is balanced by an
equal and opposite current applied 1o the plate from the

urement  of
Vacuum-Tube

source ¢z, through the standard resistance. I'he setting of
the decimal attenuator at the bottom of the panel gives
the significant figures in the result, and the settings of the
step attenuators (ey and eq) indicate multiplying factors
MULTIPLY BY and pivinpe pyY on the panel switches).

Any quadrature component through the output trans-
ormer resulting from the tube interelectrode capaci-
ances can be balanced out by the voltage of the extra
split secondary, acting through the double-stator capac
itor. This balunce does not affect the balance conditions
for the in-phase components and consequently has no
ffect on the measurement.

The points of introduction of the test voltages ¢ and ez
we changed by a switch when the other constants are
measured. Another switeh reverses the polarity of ey when
negative values of the coeflicients are to be measured.

> Independent measurements of the three
main parameters are possible, i.e., none of
the balances depends in any way on any
other. Therefore independent eross checks ean
be obtained from the known relationship
involving the three coeflicients.

> Negative values of the coefficients can be
measured as readily as positive values.

> Interelectrode eapacitance effects are bal-

BRIDGES

STANDARD
RESISTANCE

CAPACITANCE
BALANCE

> DECIMAL
~ AT TENUATOR

anced out by a method which makes possible
the independent measurement of all three
parameters over very wide ranges. Errors
have thus been reduced, and it is possible to
measure the transconductance ol a tube
having a high value of grid to plate capaci-
tance without any error from this capacitance.
> Transistors can be measured as well as
vacuum tubes.

SPECIFICATIONS

Range: Amplifieation factor (u): 0,001 to 10,000,
Dynamie internal plate resistance (r,);
20 megohms.
Transconductanee (g, ); 0.02 to 50,000 micromhos.

50 ohms to

Under proper conditions, the above ranges ecan be
excecded. The various parameters ean also be measured
with respect to various clements, such as screen grids, ete,
Negative as well as positive values can be measured.
Accuracy: Within 52, for resistances (r, switeh
position) from 1000 to 1,000,000 ohms. At lower and
higher values the error inereases slightly,

The expression w rogtn Will cheek 1o =297 when the
juantitios are all measured by the bridge, and when r,
is betwoeen 1000 and 1,000,000 olims.

Tube Mounting: Adaptors are provided as follows
f-pin, S-pin, G-pin, small 7-pin, large T-pin, octal, locking
in, miniature button 7-pin, miniature button Y-pin
noval), acorn (5= and 7-pin), fAat-press sub-miniature
up to 7 wires, and Sewire sub-minar. In addition, a
universal adaptor, with nine zoldering lugs, is provided so
that unbased transistors, unmounted tubes, or tubes with
non-standard bases, can be measured conveniently. For
sttb-miniature and for
which ean be mounted on the

short-lead tubes transistors,
sockets are supplied
universal adaptor. Thus all standard commereial receiv-
(1§71 Tulu-\ :m:] transistors can be measured. The pu:u'l
jack plate and the adaptors are made of low-loss material,
reducing to a minimum  the

the dynamie

isually  yvellow phenolie,
shunting effeet of dicleetrie
resistance being measured.

losses  on

Twpe

561-D

Vacuum-Tube Bridge. . . .. .... ...

Current and Voltage Ratings: The cireuits have large
and sufficient insula-
tion so that low=power transmitting tubes may be tested
in addition to receiving tubes and transistors, Maximum
allowable plate eurrent is 150 ma, and maximum plate
voltage is 1500 volts,

Electrode Voltage Supply: Batteries or suitable power
supplies are necessary for providing the various voltages
l‘t»qllil'n-li !:_\.’ the deviee under test,

Bridge Source: A source of 1000 eyeles is required.
The Tyre 1214-A Oscillator, T'yre S13-A Audio Oscillator
or the Tyer 723-A Vacuum-Tube Mork is suitable for
this purpose.

Null Indicator: The Tyre 1212-A Unit Null Detector
with the Tyre 1951-A Filter or the Tyer 1231-B Ampli-
fier with the Tyer 1231-P2 Filter and a pair of sensitive
carphones are recommended,

Accessories Supplied: Adaptors as listed above, ull
necessary plug-in leads, and shielded pateh cords for

enough current-earrying capacity

connecting generator and detector.

Mounting: The instrument is mounted in a walout
eabinet. A wooden storage ense is provided for the adap-

tors and leads. Storage space is provided for a spare

Universal adaptor, on which any type of socket can be
permanently mounted.

Dimensions: (Length) 1835 x (width) 15% x (height
12 inches.

Net Weight: G0 pounds,
Code Ward Price

$750.00

BEIGE

Tube socket capacitances are measured accurately and conveniently by means of
adaptors available for use with the Tyrr 1612-AL R-F Capacitance Meter, page 95.

GENERAL RADIO COMPANY
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BRIDGES

TYPE 578

(Below) Grounded bridge supplied through a double-

shiclded transformer. When case i= grounded, the capaci-

tance placed across ench eapacitance arm is 40 pupf. Note

that the winding shield on the bridge side is not grounded,
but is floating.

Low-1mpedance

. T"”‘L - ';"nvru:q
578-A
578-B
578-C

Frequency Range*

60 to 210| 2 ke to 500 ke

600 to 2400 | 50 eyeles to 10 kel 50 2 to 5 k|
1000 to 4000 | 20 cveles to 5 ke| 60 @
20 ©

to 6 k2
to 2k 0.4 k2 to

SHIELDED TRANSFORMER

USES: The Tyrr 578 Shielded Transformer has
been designed for use in direct-reading a-
bridges to isolate the bridge from changes ol
electrostatic potential in the external eireui
and to reduce the effect of the capacitance ol
this external circuit to ground. It can also b
used to isolate any measuring cireuit from the
generator or detector and to produce a bal-
anced output from a grounded generator.

DESCRIPTION: The Typr 578 Shiclded Trans-
former is provided with two shields, on
around each winding. A third shield effectively
grounds the core laminations to the case.

FEATURES: » The intershield eapacitance is
less than 30 pul so the total added capacitanc
placed across the bridge arms is less than
80 puf in place of the usually large and un-
known generator-to-ground capacitance.

> Wide ranges of frequency and load im-
pedance are covered by each model.

> All models can be used step up or step down
from generator to bridge.

SPECIFICATIONS

Turns Ratio: 4 to 1, 0r 1 to 4.

Frequency and Impedance Range: Sce table below,
Capacitance: The dircet capacitunce between primary
and secondary windings is less than 0.3 puf; that betweer
the primary and sceondary shields is less than 30 puf
Average values for the eapacitances in the diagram are

02400 U8 08 cnicemaananswinearss ench 200 puf
R e N N Tl S S DTS s SV e Rs 0.3 puf
LA (P R R S E a0 A e e each 70 puf
T R I R R S el 30 uuf

Winding Inductance: Approximately equual to the
square of the number of turns multiplied by 3.5 x 107%
henrys. (Sce table below.)
D-C Resistance: (In ohms) approximutely 30 times the
induetance in henrys.
Applied Voltage: The high-impedance winding of T'yres
H78-A or -B may be connected directly neross a 115-volt
50~ to Bl-eyele line if the impedance conneeted to the
other winding equuls or exceeds the lowest value give:
under “low impedance” in the table below, The Tyrr
578-B may be used at 25 eveles under the same conditions
For Tyres 578-A or -B, the low-impedance winding
may be conneected direetly to a 113-volt, 50- to Gi-¢evele
line provided that the resizstance across the high-imped-
ance winding exceeds 10,000 ohms, The Typex 578-B may
be used at 25 eveles under the same conditions.
Insulation: The insulation from winding to winding and
from windings to case will withstand 1000 volts, peak.
Mounting and Dimensions: These transformoers are
mounted in Model B cases (see page 165 for dimensions),

Net Weight: 2'3 pounds.

Impedance Range*

High-1m pedance
Winding

f'lul‘f !!‘47:/" -I’: :

1 k2 to 100 k@| TanLe | $25.00
1.2 k2to 120 k2| TeENOR | 25.00
40 k| TEPID 25.00

*T'hese ranges are for transmission within 6 db. At extremes of both impedance and frequency ranges, the transmission may be down

by 12 db,
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AMPLIFIERS

TYPE 1231-B
AMPLIFIER AND
NULL DETECTOR

(and Standing-Wave Indicator)

USES: The Typr 1231-B Amplifier and Null
Detector can be used as a high-gain amplifier
for general laboratory use or as a sensitive
visual null deteetor for bridge measurements.

For an aural indication of the null point
the amplifier can be used with head tele-
phones. It can also be used as a pre-amplifier
for erystal microphones, vibration pickups
and cathode-ray oscilloscopes.

With a suitable crystal detector it can be
used as a sensitive indicator for amplitude-
modulated high-frequency voltages and is
recommended for use as a standing-wave
indicator for measurements with the Typr
874-L.B Slotted Line.

DESCRIPTION: The instrument consists of a
high-gain amplifier with an output stage that
can be operated as a linear amplifier for
general laboratory use or as a logarithmic
amplifiecr for null-detector use. The panel
meter indicates the amplifier output in two
ranges, serves as a null indicator, and is also
nsed to check the condition of the battery.
The null-detector response is approximately
logarithmie over a 40-db range. A 30-db
input attenuator is provided for attenuation
of high input voltages. Either a BA4S battery
pack or the Tyre 1261-A Power Supply can

be placed within the cabinet to operate the
imstrument, but over-all performance is some-
what better with the battery. Blocking capac-
itors at both input and output jacks isolate
the instrument from direct current in the
external ecircuits to which it may be con-
nected. A filter jack on the panel of the
instrument permits insertion of an antireso-
nant filter, such as the various Tyre 1231-P
models, in the grid ecircuit of the last stage
for modifying the frequency characteristic.

FEATURES: » Plainly labelled push-button
controls make the operation of the amplifier
simple and convenient.

» Input and output terminals are arranged
to take Tyre 274 Plugs.

> The self-contained meter makes the instru-
ment a very convenient detector for bridge
megsurements.

> IHarmonies and noise are easily and effec-
tively eliminated by the insertion of filter
units.

» Meter ballistics have been chosen to give
rapid response with minimum overshoot.
This feature reduces to a minimum the time
necessary to locate a null or to read the meter,
with a consequent speeding-up of the meas-
urement procedure.

SPECIFICATIONS

Input Impedance: 1 megohm in parallel with 20 uguf.

Maximum Gain: Greater than 83 db at 1 ke with 1
megohim load.

Meter Scales: NORM scale: This seale is the one nor-
mally used to monitor the amplifier output voltage. It is
calibrated approximately in volts with an accuracy of
reading of 45" of full seale.

SIENS seale: This seale is used for determining ratios
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AMPLIFIERS

of voltages suecessively applied to the input terminals,
as in standing-wave measurements. It is calibrated
approximately in decibels with an arbitrary zero. Thus
n ratio expressed in decibels is obtained by subtracting
one meter reading from another, Ruatios so obtained are
necurate within 309, of the correct value in deeibels,
provided at least one of the readings is above half seale.
No separate seale iz provided for NULL DET opera-
tion, since actual readings are not needed.
Null Detector Sensitivity:
input is required to give 10
at 1 ke,
Amplifier Sensitivity: Less than 25 mierovolts input
at 1 ke for 109, indication on SIENS range of the meter.
Output Impedance: Approximately 50,000 ohms,
Maximum Output Voltage: 5 volts into 20,000 ohms;
20 volts into 1 megohm,
Noise and Hum Level: T'he open cireuit noise level is
less than 0.5 volt at full gain, When the Tyre 1261-A
Power Supply is used, the open circuit noise and hum
level is less than 1 volt,

Less than 100 microvolts
o indieation on the meter

Frequency Response: See curve on preceding page.
Tubes: The instrument requires two T'yre 114 and one
Tyre 1DS-GT Tubes, which are shipped installed.
Power Supply: Burgess 6TAGO (Signal Corps BA48)
Battery Pack is supplied in place in the instrument.
When a-¢ supply is desired, the Tyre 1261-A Power
Supply (see page 121) can be used.

Battery Life: Between 200 and 250 hours at 8 hours
per day,

Mounting Available either for 19<inch relay rack or
mounted in a walnut cabinet. Relay-rack model can be
obtained in combination with Tyee 1231-P5 Filters and
with Tyre 1261-A Power Supply. See price list below.
Accessories Available: Filters for providing frequeney
diserimination as follows: Types 1231-P2 and 1231-13,
page 109; Type 1231-P5, below; and Tyre 1951-A, page
112, The 1951-A Filter, connected ahend of the amplifier,
is particularly useful for three terminal measurements
under conditions of high G0-cyele pickup. Where shielded
input and output are desired, Tyre 274-NEO Patch
Cords should be used.

Dimensions: 1214 x 8 x 1034 inches, over-all.

Net Weight: 23%] pounds, including batteries,

CABINET MODELS

T upe B Code Word Pnce o
© 1231-BM Amplifier and Null Detector, battery operated | vaLID $250 00
1231-BMA | Amplifier and Null Detector, a-c operated . . . VENUS 378.00
Filters, as required, should be ordercd as separate items,
RELAY-RACK MODELS
= Tupe - Code Waord _ Price
1231-BR Amplifier and Null Detector, battery operated VALOR | $250.00
1231-BRA Amplifier and Null Detector, a-c operated . . VIGIL 378.00
1231-BRF Amplifier and Null Detector, battery operaied,.
with Type 1231-P5 Filter. ... .. el BEEEGE VIGOR 450.00
1231-BRFA Amplifier and Null Detector, a-c operated,
with Type 1231-P5 Filter. . .. .....c0vvunn VILLA 578.00

TYPE 1231-P5 ADJUSTABLE FILTER
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USES: T'his filter is used with the Tyrr 1231-B
Amplifier and Null Detector or similar ampli-
fiers to reduce harmonies and background
noise in bridge measurements. It can be set
to any one of eleven fixed frequencies, includ-
ing those at which the Tyrr 716-C Capaci-
tance Bridge is direct reading,

DESCRIPTION: The filters are parallel-reso-
nant circuits, consisting of toroidal inductors
tuned with fixed capacitors to the ecleven
frequencies, any one of which can be selected
by a switeh, Terminals are provided for con-
neeting an external capacitor to tune to any
other frequency between 100 ke and 20 ec.

FEATURES: > Each of eleven tuned frequen-
cies is quickly available.

> Any resonant frequency from 20 cycles to
100 ke can be obtained with external capaci-
tors,

GENERAL RADIO COMPANY
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Iyre 1231-P5R with Tyee 1231-BRA Amplifier and Null
Detector. This combination is a Tyre 1231-BRIFA as
listed on the preceding page. The small conneecting panel
and switch shown in the above picture are included with
the 1231-P51t Adjustable Filter (Relay-Rack Model).

» Low insertion loss, in certain cases an
actual gain.

> Sharp anti-resonant tuning, selectivity
against second harmonie better than 30 db.

» Toroidal inductors used are highly astatic.
> Complete electrostatic shielding,

AMPLIFIERS

> Can be inserted in grid circuit of any con-
ventional Class A amplifier.

SPECIFICATIONS

Nominal Operating Frequencies: 50, 100, 200, 500
eyeles; 1, 2, 5, 10, 20, 50, 100 ke.

Frequency Calibration: Within 2=29% at initial voltage
levels, corresponding to normal usage in a null detector.,
At higher levels the resonant frequency of the 50, 100,
200 and 500 ¢ cireuits decrease progressively,

Insertion Loss: Not greater than 12 db, depending upon
frequency. See table below,

Selectivity: Better than 30 db against the second har-
monie,

Terminals: Shiclded eord and plug for connection to
Tyrr 1231 Amplifier and Null Detector, Jack top termi-
nals for conneoting external eapacitors.

Mounting: Aluminum cabinet for beneh use. Also avail-
able for relay rack mounting in conjunction with Tyre
1231-B Amplifier and Null Detector. See price list below,
Dimensions: Front panel, (height) 7 x (width) 614
inches. Cabinet, (depth) 934 inches. Internal shield box,
(height) 614 x (width) 414 x (depth) 9 inches.

Net Weight: Complete, § pounds, 12 ounces,

Inductor Resonant Resonant Insertion Inserimination vs.
Frequency [ sed Z MQ Q ah N .Jn/f Hurmmu'r:ﬂh N
50 ¢ l.-1 0.28 45 7.0 loss 33
100 ¢ I-1 1.02 S 3.5 loss 31
200 © 1-2 0.21 S84 11.5 loss 40
500 ¢ 1= 0.52 83 0.5 loss 35
1 ke 1.-3 0.26 138 9.0 loss 42
2 ke I 0.86 228 4.0 loss 40
5 ke L-3 2,70 287 0.5 gain 3
10 ke [-4 0.17 175 7.0 loss 46
20 ke -1 0.50 262 1.6 gain 44
30 ke L-4 1.06 214 0.2 gain 37
100 ke -4 2.13 192 15.0 gain 28
Type Code Word Price .
1231-P5M | Adjustable Filter (Cabinet Model).. ... ALDER ' $215.00
1231-P5R | Adjustable Filter (Relay-Rack Model). . ADOBE 215.00

TYPE 1231-P2 AND TYPE
1231-P3 TUNED CIRCUITS

These filters are parallel tuned circuits that
plug into the Type 1231-B Amplifier and Null
Detector, for suppressing harmonics, noise,
and hum in single frequency measurements.
The two-frequency model, Tyee 1231-P2, is
provided with a switch for shifting from one
frequency to the other.

SPECIFICATIONS
Tuning Accuracy: 27 ut low voltage levels, corre-
sponding to normul usage. At higher voltage levels the
inductance, and consequently the resonant frequencey,
changes.
Attenuation: At least 25 db to second harmonie,
Mounting: Standard drawn-steel ease, Model C (sce
page 165 for dimensions). A plug and 24 inches of shielded
cable are provided for connecting to the Tyre 1231-B
Amplifier and Null Detector.
Net Weight: 37§ pounds, both models,

_ Type Frequency Code Word Priee
1231-P2 400 and 1000 cycles. . . . ............ AMBLE $25.00
1231-P3 GO CYCIOE . : 1 i v bivns aiocs ik srin sarariit o AMPLE 20.00

GENERAL RADIO COMPANY
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TYPE 1231-P4 ADJUSTABLE ATTENUATOR

USES: The Adjustable Attenuator is used with
the Type 1231-B Amplifier and Null Detector
and the Typr 874-1.13 Slotted Line to measure
standing-wave ratio, When so used, it in-
ereases both the range and accuracy of meas-
urement over what can be obtained with the
amplifier alone.

DESCRIPTION: The Tyre 1231-P4 Adjustable
Attenuator is a high-impedance resistive volt-
age divider covering a range of 80 db, with
three 20 db steps and a 20 db potentiometer.

SPECIFICATIONS

Source Impedance: 30 kQ— approximately equal to
output impedunce of crystal detector in slotted line at
low voltage levels,

Load Impedance: One megohm or grenter,

Initial Insertion Loss: Approximately 3 db.
Attenuation Range: S0 db; dial ean be read to nearest
tenth dhb,

Accuracy of Attenuation Increments: 0.3 db or
better whon operated between rated souree and load
impedances, Additionnl errors eansed by source imped-
anee between 15 k£ and 60 KQ are less than 0.3 db
Frequency Error: Negligible below 2 ke,

Maximum Input Power: !5 watt,

Terminals: Input, Tyee 938-W Binding Posts; Output,
shielded eable with Tyre 274-ND Shiclded Plug to fit
amplifier input terminals.

Circuit: Modified voltage divider.

Mounting: Metal cabinet.

Accessories Required: One Type S7T4-1132A Patch Cord
for conneetions between slotted line and attenuator.
Dimensions: 515 x 519 x 414 inches, over-all,

Net Weight: 2 pounds. 11 ounces.

'."r“u - il:l!v Word lrl’m‘
1231-P4 | Adjustable Attenuator. . ............. ANNEX $70.00
874-R32ZA | Pateh:Cord. . ... .. voimsm s oemiass vrsasios COAXFITTER 5.50

TYPE 1212-A UNIT NULL DETECTOR

USES: "I'he T'yre 1212-A Unit Null Detector is
designed primarily as a balance-indicator in
a-¢ bridge measurements. It is a sensitive,
wide-frequency-range voltage indicator with
an approximately logarithmie relation be-
tween input voltage and meter reading. This
null detector ean be used with the Tyre 716-C
Capacitance Bridge, Tyre 667-A Inductance

110

Bridge, Typr 561-D Vacuum Tube Bridge,
Tyrr 916-AL R-F Bridge, and over the lower
part of the ranges of the Tyer 916-A R-F
Bridge and the Tyer 821-A Twin-T Im-
pedance-Measuring Circuit.

DESCRIPTION: The instrument consists of a
three-stage broad-band amplifier with series-
peaking compensation. Germanium-diode elip-

GENERAL RADIO COMPANY
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pers are used between each stage to obtain the
quasi-logarithmic input-output relationship.
I'his method of shaping makes the speed of
esponse dependent only upon the meter
allisties.

FEATURES: > Wide frequency range — 20
cyeles to 5 megacyeles.

» Meter zero can be controlled from the
panel to correct for amplifier or system noise.
» Regulated tube voltages and a balanced
meter circuit maintain good stability with
‘.:n"\’inf_: line voltage.

» Meter \('Hr.lli\'il_\' control I)l'(l\'ill(‘il to set
the meter to full scale for the voltage display
runge desired,

AMPLIFIERS

> Ieadphones can be used at audio frequen-
cies for extra noise diserimination,

> Small size, miniaturized unit construction.
> Sensitivity of approximately 40 microvolts.
> On-scale range of approximately 120 db.

> Logarithmic input-output relationship pre-
vents overload caused by large unbalances
from masking the approach to balance. The
sensitivity is effectively incereased as balance
is approached, giving maximum precision
at the time needed.

> Allows use of high generator voltage,
improving the sensitivity and signal-to-noise
ratio and decreasing the effect of noise pickup.

SPECIFICATIONS

Sensitivity: Less than 40 microvolts input at 1 ke is
1'~|l“:1'11 to deflect one per cent of full senle on the meter.,
Voltage Response: See curve below
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Ty —
1212-A Unit Null Detector. . .........
1203-A Unit Power Supply..........

PATENT NOTICE., See Notes 3 and 4, page vi.

TYPE 1212-P1 HI

The Tyre 1212-P1 Filter is a shiclded, R-C
[Tigh-Pass filter designed to attenuate low-
frequency noise and hum often encountered
in bridge measurements. It provides about 50
Ib attenuation at 60 eveles when used in con-
junction with the Tyre 1212-A Unit Null

SPECIFICATIONS

Attenuation Characteristic: See curve,
Nominal Load Impedance: | megohm
Input Voltage Limit: 150 volts maximum.
Terminals: Tyru 874 Con
Dimensions: 74 inch diame
Net Weight: 3 ounces,

‘tor at cach end

r by 4% inches long.

(The Tyre 1212-1 High-Pass Filter is shown with the
Cyrr 1212-A Unit Null Detector in the photograph on

the facing page

Frequency Response: See curve below,

Tubes: Three Tyre 6AKS, one Tyrr 12AX7, and one
Tyre DA2 Tubes, shipped installed,
Accessories Available: Tyres 1212-P1 and 1051-A
Filters. Tyee 1203-A Unit Power Supply.

Dimensions: (Width)
0 inches, over-all,

Net Weight: 55 pounds,

915 x (height) 53¢ x (depth)

_ Code Word Price
...... ALACK $145.00
....... ALIVE 40.00

GH-PASS FILTER

Detectorand fed from alow-impedanece source.
It can be used effectively over a reasonably
wide range of input and output impedances
It is housed in a T'yee 874X Insertion Unit
equipped with Typr 874 Coaxial Connectors
on both ends.

Type 1212-P1 Attenuation Characteristie.

3

LOMD WPEDANCE | MEDOMM
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Ty Code Word Price
1212-P1 High-Pass Filter. . . . ................ } UNCLE $12.0
PATENT NOTICE. See Notes 3 and 4. pugo vi.
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TYPE 1951-A FILTER

The Tyre 1951-A Filter is a tuned circuit
designed for use at the input to a high-gain
amplifier to prevent overload by spurious
signal pickup. It is particularly useful for
measurements on three-terminal cirenits where
both sides of the unknown are above ground.
A capacttive voltage divider across the input
permits optimum impedance matching.

SPECIFICATIONS

Frequency: 400 ¢yeles and 1000 eyeles,
Maximum Allowable R-M-S Input Voltage:

Iupul Impedance Range 1000 ¢ 400 ¢ g g
0] - 5K 10 v 4 v ?}E
KO- B0 40 v 16 v (24
HOIKEL- 500K 145 v 58 v 3
HO0ILEL -— 200 v 165 v
Second Harmonic Rejection: See upper curve, E“'WNG imm REfISTAEY ;
Insertion Loss: See lower eurve,
Accessories Supplied: One Tyre 274-MB Double Plug, ]
one T'yprr 274-ND Shielded Plug, and one Typr 874-Q6 g
.\‘l:l|l|:ll'. z 10
Dimensions: 31§ x 34 x 434 inches, over-all, =
Net Weight: 134 pounds. o 9
2.0
Ty Codo Waord Price
1951-A | Filter .. Fieke | $75.00

USES: T'he Tyrr 715-A Direct-Cirrent Am-
plifier is designed primarily for use with the
sterline-Angus S-milliampere recorder. This
combination of amplifier and recorder is
capable of accurately recording small d-¢
voltages and cuwrrents. In addition to its
obvious use as a recording d-¢ milliammeter
or millivoltmeter, it has a1 number of appliea-
tions in process control and in measurements
in physical and chemical laboratories,

Since the introduction of this amplifier, it
has found application to a wide varviety of
mdustrial and research problems. It has been
used for the recording of frequency and for
recording the modulation level of broadeast
transmitters. Other applications include the
recording of the insulation resistance of elee-
trical machinery during dehydration, the

e — b R——- = J (Left) Tyre 7T15-AM Dircet-Current Awplifier,
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measurement of the emf of electro-chemical
cells, the recording of life tests on vacuum
tubes, and the recording of sound and vibra-
tion intensities. The instrument may equally
well be used to operate from photoelectrie
cells, resistance strain gauges, resistance ther-
mometers, and similar devices.

DESCRIPTION: The amplifier is a highly stable
a-¢ operated instrument and gives full-scale
output over a range of input voltages from
0.1 volt to 1.0 volt. Means are provided for
selecting input resistances between 100 ohms
and 10 megohms.

The circuit employs three pentode tubes
for the amplifiers in a degencrative circuit
arrangement giving high stability of calibra-
tion. A bridge-type balancing network using
a voltage regulator tube provides for balanc-
ing out the steady plate current in the meter,
so that the meter indicates current change.
Both fine and coarse zero adjustments are

AMPLIFIERS

provided for setting the meter for normal
zero. The circuit is unaffected by changes in
plate voltage caused by normal variations in
a-c supply voltage.

FEATURES: > ITigh gain and simplicity of
operation have been combined with stability
of calibration.

> A wide range of input voltages and resist-
ance combinations can be accommodated.

> Variations in the temperature of the
cathode of the first amplifier tube, a critical
point, have been overcome very effectively
by using a regulating transformer and a fila-
ment ballast lamp. This system maintains
the heater voltage constant for line voltage
changes from 105 to 125 volts.

> A-C operation and small size make this
amplifier a convenient adjunct to the graphic
recorder.

SPECIFICATIONS

Range: The instrument is provided with four calibrated
ranges, selected by meuans of a switch, giving 5 milli-
amperes linear output in the recorder ecircuit of 1000
ohms, for input voltages of 0.1, 0.2, 0.5, and 1.0 volt
applied at the input terminals with either polarity. The
gain is best expressed as a transconductance; the maxi-
mum value is 50,000 micromhos.

Accuracy: As a calibrated voltmeter, the aceuracy of
calibration is approximately 19 of full seale, this accu-
racy being maintained over a considerable period of time.

Input Circuit: Means are provided for selecting any
one of a number of input resistanees, so that the instru-
ment not only has an adjustable input resistance, but can
serve as a calibrated milliveltmeter or microamineter,
The input resistances range in powers of 10 from 100
ohms to 10 megohms. Short-cirouit and open-cireuit posi-
rions are also supplied on the selector switeh,

For those applications where relative values only are
of interest and where the voltage available exceeds 1 volt,
one of the switeh positions econnects the input to a vari-
able gain control, so that the voltage applied to the first
grid can be adjusted to any desired value. The input
resistance for this position is approximately 150,000 ohms.
Grid Current: The grid current in the input circuit is
less than 0.002 microampere,

Output Circuit: The output ecireuit is designed Lo oper-
ate a S-milliampere meter mounted on the panel and an
external meter or device such as the Esterline-Angus
S-milliampere recorder, and is provided with a manually
adjusted compensating resistance, The compensating
resistance is adjusted to allow for the resistance of the
external device, 50 that the instrument always works

into a normal resistance of 1000 ohms. Although the
instrument functions perfeetly when operating into
resistances from 0 to 2000 ohms, its ealibration is affected
slightly if the total impedance deviates materially from
the 1000-0hm value.

Temperature and Humidity Effects: Over the range
of room eonditions normally encountered (65° Fahren-
heit to 95° Fahrenheit; 0 to 957 relative humidity ), the
operation and stability are independent of ambient con-
ditions.

Power Supply: The instrument is intended for oper-
ation direetly from 105 to 125 (or 210 to 250) volts, 60
cycles, Other voltages or other frequencies can be sup-
plied on special order only,

Power Input: The power drawn from the 60-cyele line
is approximately 35 watts, No batteries of any kind are
employed.

Vacuum Tubes: The tubes used are: two 6J7-G, one
6F6-05, one 6X5-G, one 105-30, one 4A1, All are furnished
with the instrument.

Mounting: The amplifier is mounted in a cast metal ease
identicnl with that used on the Esterline-Angus recorder,
or in walnut cabinet, as desired.

Accessories Supplied: Seven-foot line connector cord;
spare fuses.

Dimensions: Tyre 715-AM, (height) 15} x (width)
9 x (length) 814 inches, over-all; Type 715-A1, (height)
15 x (width) 819 x (length) 834 inches, over-all,

Net Weight: With east metal ease to mateh Esterline-
Angus recorder, 2534 pounds; with walnut cabinet, 2214
pounds,

Tupe Caode Word Price
715-AE In Cast Metal Cases. . :vvvavssma sl ASIDE $390.00
715-AM In Walnut Cabinet..... SRS A R ALOFI 340.00

PATENT NOTICE. See Notes 1 and 2, page vi,
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TYPE 1233-A POWER AMPLIFIER

USES: "T'he wide frequency range and high
power output of the Tyrr 1233-\ Power
Amplifier make it adaptable to many uses in
the electronic and eleetro-acoustic laboratory.
It is capable of driving acoustic generators at
levels up to 15 watts.

At standard broadeast frequencies it can bhe
used in conjunction with a low-power oscil-
lator to excite antennas for measurements
with defleetion-type instruments. With its
input connected 1o a tuned antenna, it can
drive a Tyer 1931-A NModulation Monitor to
monitor remote transmitters.

A voltage-output connection is provided
for amplifyving oscilloscope deflection signals
over a range of 20 cycles to 3 megacycles.

DESCRIPTION: The amplifier consists of three
push-pull broad-band stages and three pos-
sible output circuits. The interstage couplings
are of the series-peaked type, designed for
constant gain up to 5 megacyeles,

Separate foroidal output transformers are
used for the 20¢-t0-20ke and the 20ke-to-1.5
Me ranges.

For the 20¢-to-3Me range, push-pull output
is supplied through a series-peaked video net-
work. A gradual roll-off above 3 megacycles
vields excellent  transient response. Pulses
with rise times as short as 0.1 microsecond
can be amplified with negligible overshoot.

2u second lp second

Typer 874 Coaxial Connectors are provided
at the input and output. Grounded binding
posts spaced 34-inch from the center condue-
tor of these connectors permit connection to
be made also by means of Type 271-MDB
Double Plugs. Two insulated binding posts
are used when balanced output is selected.

An output voltmeter is provided, which
indicates the output terminal voltage on the
20 to 20,000-cycle range and the 20ke-to-
1.3Me range. On the 20c-to-3Me range, the
output voltmeter is connected to the grounded
output terminals, which are not used for this
range, making the voltmeter available for
external use or permitting an external jumper
to be used to connect it to either of the
bulanced output terminals. The meter can
alzso be switched to indieate the plate current
of the output amplifier tubes.

The high-voltage power supply uses selen-
ium rectifiers in a full-wave voltage-doubling
cireuit and a two-section LC filter. A bias
supply, also using selenium rectifiers, pro-
vides fixed bias for the output stage.

FEATURES: > Wide frequency range.
> High output.

> Astatic output transformers.

> Output voltmeter is provided.

> [ixcellent transient response.

2u second

200 to 3 me Range:
input pulse rise time
03 miero-second;
three pulse lengths
shown,
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OUTPUT
VOLTMETER

Elementary schematie diagram of the Tyer 1233-A Power Amplifier,

SPECIFICATIONS

Frequency Range: Three ranges are provided:
IFor power, 20 eyeles to 20 kiloeyeles.
For power, 20 kiloeyeles to 1.5 megacycles.
For voltage, 20 eveles to 3 megaeyeles.
Power Output:
20c=-t0-20ke range 15 watts from 50 ¢ to 15 ke; 8
watts at 20 ¢ and 20 ke.
20ke-to-1.5Me range
S watts at 1.5 Me.
Maximum available power output at low distortion

15 watts from 20 ke to 0.5 Me;

depends upon power-line voltage. Rated output is obtain-
able at 105 line volts. At higher line voltages, output is
greater.

Voltage Output: 20c-to-3Me range
1530 volts balaneced, 50 volts grounded.
Tuned Output: I'ull output at any single frequency up
to 5 Me ecan be obtained by connecting a tuned cireuit

l'l':llhln-,w:l‘n,

as the output plate load.
Load Impedance:
200-10-20ke range — 600 or 150 ohms, balunced or
gprounded,
20ke-to-1.5Me range 50 ohms, grounded,
20e-to-3Ne¢  range deflection-plate  terminals of
eathode-ray  oscilloscope, connected with 36G-inch leads

and with an effective input resistance of at least one
megohm, Output may be balaneed or grounded,
Transient Response: 20c-to-3Me range — approxi-
nately 0.1 mierosecond rise time, with negligible over-
<hoot,

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

Distortion: Less than 39 at rated output on all ranges.
Noise Level: 20c-10-20ke range, 60 db below 15 watts
tput, or 200 gvolts input,

20ke-to-1.5Me range, 70 db below 15 watts output, or

W pvolts input.

20e-to-3Me range, less than 0.6 volt peak-to-peak
balaneed, or 600 pvolts peak-to [ll':l]( mput,
Frequency Response: Sce typieul curves,
Power Supply: 105 to 125 (or 210 to 250) volts, 40 to 60
exveles ne.
Power Consumption: Approximately 140 watts at 15
tely 120 watts at zero output.

Watts output; approxin
Voltmeter:
Bridge eireuit indieating full wave average value.

Ranges, 150, 50, and 15 volts full seale,

Ty pe

1233-A

PATENT NOTICE., See Notes 3 and 4, page vi,

Power AmpHREr. ... <. cosssns s [ ANGER

Aceurney, =570 of full seale.

Impedance, 15 k@2 compensated to 5 Me,

Mounting: The panel is designed for mounting in a 19
inch relay rack, but removable end frames are supplied
for table use.
Tubes: 2 —6ACT 2 — 6AGT

2 — 807 1 —6J6

Terminals: Type 874 Coaxial Terminals at input and
output. Adjacent ground posts for connecting by Tyrr
274-\M1B Plugs are provided.

Two insulated binding posts for balunced output.
Accessories Supplied: Seven-foot power cord; two I've
274-MB Double Plugs: two spare line fuses; two Tyr
874-C" Cable Connectors.

Other Accessories Available: Tyre S74-R21 Patch
Cords: Tyre 874 Connectors and Adaptors,
Dimensions: (Width) 1935 x (depth) 14Y4 x (height)

7} 9 inches, over-all,

Net Weight: 46!% pounds,

Typieal response curves for the three amplifier ranges.
The 20-cycle-to-:

roll-off at the high end to assure good transient response.

A:n'u:n'\t'lv range i\ given a smooth

Coele Woore Pry

\ $560.00
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UNIT INSTRUMENTS

General Radio Unit Instruments are small,
compact, laboratory-type instruments, de-
signed for high-quality performance at mini-
mum price. The basic unit is a power supply,
which plugs into the instruments as needed,
thus eliminating the expense of providing a
power supply in each individual instrument.
Mechanically, the Unit Instruments are de-
signed to make maximum use of interchange-
able parts, and accessories are available for
some of them, by means of which specialized
assemblies can be built up using the standard
units. They are designed for compact side-by-
side assembly with plug-type interconnections.

These Unit Instruments are useful, eco-
nomical additions for any laboratory and will
suve considerable time and money for many
everyday electronic engineering jobs. They

find particular application in educational
laboratories due to their low cost and versa-
tility. In production testing, compact, single-
purpose setups are possible,

The Unit Instruments with rectangular
sabinets can be bolted together with screws
provided to give a compact assembly.

Other Unit Instruments available are:

Tyre 1206-B
Tyre 1216-A

See Page 120
See Page 118

Amplifier
11" Amplifier
(30 Me)

QOscillators Tyres
1208-A, 1200-A Sece Pages 165-170
1211-A, 1215-A See Pages 165-170
Crystal Oseillator T'vee 1213-A See Page 217
Audio Osecillator  Type 1214-A See Puage 164
Null Detector Tyre 1212-A See Page 110
Pulse Generator Tryrp 1217-A See Page 172

TYPE 1203-A UNIT POWER SUPPLY

USES: This power pack is designed primarily
to supply a-¢ heater and d-¢ plate power for

various General Radio Unit Instruments. Tt
can also be used as a general-purpose source
of heater and plate power for other electronic
equipment.

DESCRIPTION: The elements of the power
supply are a power transformer, a rectifier
tube, and an R-C-type filter. Connections to
other General Radio Unit Instruments are
made through a multipoint connector. A
mating plug is furnished to facilitate connec-
tion to any other circuits.

FEATURES: » Low-priced and small in size.

> Can be permanently attached to some
General Radio Unit Instruments. Combina-
tion of units is very compact, oceupying a
minimum of bench space.

> Both the a-¢ heater supply and the d-c
plate supply are isolated from ground and
from cach other.

SPECIFICATIONS

Output Voltages: 6.3 volts ae, nominal; 3 amperes
maximum; 300 volts de, 50 milliamperes maximum,
No-load voltage is about 410 volts,

Hum Level: About 250 millivolts at 300 volts and 50
milliamperes d-c output.

Input: 115 volts, 50 to 60 eycles; 50 watts full load, A
line-connector cord is permanently attached to the
instrument.

Rectifier: One 6X4-type, supplied with instrument.
Output Terminals: A standurd multipoint connector
is mounted on the side of the unit,

T'ype

Accessories Supplied: A mating multipoint connector
for connecting the power supply to other equipment; a
10-32 serew with wing nut for permanently attaching the
power supply to other Unit Instruments. Also spare fuses.

Mounting: Black-crackle-finish aluminum panel and
sides. Aluminum cover finished in clear lacquer.

Dimensions: (Width) 5 x (height) 53¢ x (depth) 64
inches, over-all, not including power-line conneector cord.

Net Weight: 54 pounds.

Code Word Price

1203-A

116

|Uni0PowerSupply ..... l

ALIVE | $40.00

GENERAL RADIO COMPANY
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UNIT INSTRUMENTS

TYPE 1204-B UNIT VARIABLE POWER SUPPLY

-

P -
g ¥
Sy

UNIT.
VARIABLE POWER SUPPLY

USES: This instrument supplies fixed a-c
heater voltage and adjustable d-¢ plate volt-
agze for general laboratory use. General Radio
Unit Instruments can be plugged directly into
its multipoint connector.

DESCRIPTION: The d-c¢ plate supply is ob-
tained from a pair of selenium rectifiers in a
voltage-doubler circuit and is adjustable down
to zero by a VARIAC® control. An R-C filter
reduces hum to a low level, Both the d-¢ out-
put voltage and the d-¢ load current are
measured by a single switch-controlled panel
meter.

The output voltages are available at bind-
ing posts on the panel and also at a multipoint
connector mounted on the right-hand end.

FEATURES: » D-C output voltage is con-
tinuously adjustable from zero to full value,
with low output impedance over the entire
range.

> Both the a-c heater supply and the adjust-
able d-¢ plate supply arve isolated from ground
and from each other.

> Metered d-¢ output voltage and current.

SPECIFICATIONS

Output Voltages: 6.3 volts a-c, nominal; 3 amperes
maximum. The d-¢ output voltage is adjustable from
zero to 300 volts with a maximum load of 100 milli-
amperes. Maximum no-load voltage, 400 volts,

Meter: A panel meter indicates the d-¢ output voltage
and current.

Hum Level: About 250 millivolts at 300 volts, 100 milli-
amperes d-¢ load; about 150 millivolts at 350 volts, 50
milliamperes d-¢ load.

Input: 115 volts at 60 eycles; 75 watts at full output load.
A line-connector cord is permancntly attached to the
imstrument,

Tupe

Rectifier: Two selenium rectifiers used in a voltage
doubling eireuit.

Output Terminals: The outputs are available at four
insulated binding posts on the panel and also at a stand-
ard multipoint connector on the side of the instrument.
Accessories Supplied: Spare fuses; a mating multipoint
connector.

Mounting: Black-crackle-finish aluminum panel and
sides. Aluminum cover finished in clear lacquer.
Dimensions: (Width) 974 x (height) 5%{ x (depth) 64
inches, over-all, not including power line connector cord.

Net Weight: 1114 pounds,

Code Word Price

1204-B

GENERAL RADIO COMPANY

| Unit Variable Power Supply . .

" AGATE | $90.00
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AMPLIFIERS

TYPE 1216-A UNIT I-F AMPLIFIER

USES: The Unit I-F Amplifier is the basic
element in a general-purpose high-frequency
detector. With the Type 874-MR Mixer-
Rectifier and a heterodyning oscillator, such
as the Tyres 1208-A, 1209-A, and Tyre
1215-A Unit Oscillators, it can be used over a
frequency range of 50 to 5000 megacyeles.
This system is the recommended null de-
tector for the Tyre 1602-B U-H-F Admittance
Meter. It is also a suitable standing-wave
indicator for use with the Tyre 874-LB
Slotted Line.

The high sensitivity and wide frequency
range of this system make it useful as a
general-purpose high-frequeney  receiver for
laboratory use. The wide bandwidth of the
amplifier makes possible the detection of
pulsed signals. The built-in attenuator can be
used for the aceurate measurement of relative
signal levels and the attenuation of high-
frequency circuits.

DESCRIPTION: The Tyre 1216-A T-F Ampli-
fier is a 4-stage, high-gain, 30-Me amplifier for
use with a mixer and a heterodyning oscillator
to form a well-shicelded, sensitive, high-
frequency detector. In this application, the
signal to be detected and the oscillator signal
are both applied to the erystal diode in this
mixer-rectifier and the 30-Me difference-fre-
quency output fed into the i-f amplifier. The
30-Me signal, whose amplitude is proportional
to that of the r-f signal, is amplified and indi-
cated on a large meter.

Any modulation on the signal is amplified by

a cathode-follower amplifier having a 0.4-Me¢
bandwidth and is available at a pair of
binding posts on the panel. Reasonably short
pulses can, therefore, be puassed by the
amplifier.

The signal can be heterodyned with a
harmoniec of the oscillator as well as with the
fundamental, with some decrease in sensi-
tivity, and as a result the frequency range is
much wider than that of the oscillator used.

Automatic volume control is provided for
use in balaneing bridges and other null-type
doevices.

A built-in, precision, film-type-resistor,
step attenuator is included to make possible
accurate measurements of relative signal
levels as high as 70 db. The indieating meter
is calibrated in db, as well as in linear units,
for convenient interpolation between the
10-db attenuator steps.

The rectified erystal-mixer current pro-
duced by the oscillator signal on the Tyer
874-MR Mixer-Reectifier ean be measured on
the indicating meter. A knowledge of this
current is important il attenuation measure-
ments are to be made, since the oscillato
voltage must be above a certain limit if the
applied r-f signal is large. The current is also
an indication that the oscillator is functioning

Although this amplifier has been de-
signed primarily for use with the mixer and
oscillators previously mentioned, satisfactory
operation can be obtained with other mixers
and oscillators,

118 GENERAL RADIO COMPANY
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The assembly includes two a-¢ power
supplies, one for operating the amplifier and a
second for the Unit Oscillator producing the
heterodyning signal.

FEATURES:

> Accurate, resistor-type, step attenuafor.

> Laree meter for observation convenience.
> Meter calibrated linearly and in db for
interpolation between attenuator steps.

> Small and compact assembly.

> Contains two separate power supplies, one
for internal amplifier and one for external use
for driving local oscillator, such as Tyres
1208-\ or 1209-A.

> Mefter can also be used to measure rectified
loeal oseillator current from 874-MR to insure
excitation 1s within satisfactory range.

> Regulated sereen supply.

AMPLIFIERS

The Tyre 1216-A I-I7 Amplifier set up for nse as o high-
frequeney detector, using a Tyee 1200-A Unit Oscillator
as a heterodyning oscillator and a Tyre S7T4-MIL Mixer-

Reetifier.

> Cathode follower provided for amplifying
modulation. Can be used with phones. 0.4-Me
bandwidth of output circuits for pulses.

> AVC provided for null detector use.

SPECIFICATIONS

Center Frequency: 30 Mec.
Bandwidth: 0.7 Me at 3 db down; 9.5 Me at 60 db down.
Sensitivity: Less than 2 pvolt input from a 400-ohm
souree required for a 1970 meter deflection (above noise),
Less than 50 gvolt input from a 400-0hm source required
for full-seale meter deflection. Input voltages referred to
are open-eireuit source voltages,
Attenuator Range: 0 to 70 db in 10-db steps, A single
3=lb step is also provided.
Accuracy of Attenuator: 4=(0.3 db <= 197 of indicated
attenuantion),
Bandwidth of Qutput Circuits (modulation): 0.4
Me.
Qutput Impedance: 600 ohins,
Maximum Output Voltage: 2 volts open circuit.
Terminals: Input — T'yvre 874 Connector on end of 2-
font eable.

Output 3inding posts on #4-inch spacing.
Supplementary Power Supply Output: 300 volts de
at 40 ma; 6.3 volts ne at 1 a,

Type

Power Supply: 105-125 or 210250 volts, 50 to G0 eycles.
Power input with no load on supple-
mentary power suppls 20 watts at
115 wvolts. Power input with Tyes
1206-A Ozeillator connected to supple-
mentary power supply — 40 walts at
115 volts,

Tubes: Supplied with instrument:

1 GAKS 1—6ALD
1 —6US 1—OB2
22— B6

Accessories Supplied: Spare fnses; power cord is inte-

gral with the unit.

Other Accessories Available: Tyre 874-MR Mixer

Rectifier. Unit osecillator of appropriate frequency range

to provide heterodyning signal, T'ypre 1205-A, 1209-A, or

1215-A (pages 1658-170) is recommended.

Mounting: Black-crackle finish aluminum panel and

sides. Aluminum cover finished in clear laequer.

Dimensions: (height) 5% x (width) 104 x (depth)

624 inches, over-all.

Net Weight: 81y pounds,

Code Word Price

1216-A
PATENT NOTICE,

| Unit |-F Amplifier ..........

See Notes 3 and 4, page vi.

AMONG | Price on request

GENERAL RADIO COMPANY
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AMPLIFIERS

TYPE 1206-B UNIT AMPLIFIER

UNIT AMPLIFIER

USES: This amplifier is designed for general
Jaboratory use. Its voltage gain is sufficient
for use as a bridge-detector amplifier, its out-
put power is adequate for driving many
low-power devices, and its wide frequency
range makes it useful as an amplifier for the
Tyrr 1301-A and Typn 1302-A oscillators,
the Tyre 1217-A Unit Pulser and other signal
sources. The normal operating range covers
the audio and ultrasonic frequencies.

DESCRIPTION: The amplifier is a single-ended
push-pull cireuit,* with the advantages of
push-pull operation of the output tubes but
without the low and high frequency limita-

*A. P, G, Peterson and D. B. Sinelair, “A Single-Ended Push-
Pull Audio Amplifier”, Proce. LR.E., January. 1952, pp. 7-11,

tions of the output transformer usually
needed when single-ended output from push-
pull tubes is desired. The circuit consists of a
triode amplifier stage, a phase inverter and
series output tubes operated in push-pull
parallel. Degenerative feedback is returned
to the cathode of the input stage. The power
supply connections plug directly into the
Type 1203-A or Tyee 1204-B Unit Power
Supplies.

FEATURES: » Output power 3 watts into
600 ohms.

> Low distortion.

> Wide frequency range.

> Convenient unit construction.

SPECIFICATIONS

Power Qutput: With 300-volt plate supply, 6002 load:
3 watts from 20 excles to 50 ke.
1.5 watts from 10 eyeles to 100 ke.
0.5 watts at 250 ke.
Distortion: Less than 19; harmonic distortion with 2
watts output (29 with 3 watts) into 600 ohms from 20
eyeles to 40 ke,
Pulse Response: No Load 6002
Droop in 30-cyele square wave 15% 20%

Approx. Rise time: 50 v peak-to-peak 1 psec. 2 usec.
100 v peak-to-peak 2 psee. 4 usec.
Max. output, peak-to-peak magnitude: 260 v 120 v

Load Impedance: 600 ohms optimum. Blocking capa-
citor is 100 pf. (Source impedance nbout 100 ohms.)
Input Voltage: Less than | volt for full power output.
Input Impedance: 100,000 ohms in parallel with 35 puf.
Frequency Response: lissentially flat from 20 eyeles to
100 ke (See power output specification),

Voltage Gain: Continuously adjustable., Maximum gain
is 50 to 1, (34 db) with no load.

A-C Hum: Maximum a-e hum in output with Typre
1203-A Unit Power Supply is less than 15 mv rms,
Power Requirements: 6.3 volts, 2.7a; 300 volts, 50 ma.
Tyre 1203-A Unit Power Supply is recommended.
Power Supply: The amplifier plugs directly into the
Tyre 1203-A or Tyre 1204-B Unit Power Supplies. It can
be permanently attached with bolts supplied to form a
complete assembly,

Accessories Supplied: Multipoint connector.

Tubes: One 12AX7 and two 6W6-GT are supplied.
Terminals: Jack-top binding posts with standard
34-inch spacing,

Mounting: Black-crackle finished panel and sides.
Aluminum cover finished with elear lnequer.
Dimensions: (width) 97§ x (height) 534 x (depth) 614
inches, over-all,

Net Weight: 4 pounds.

Tupe Code Word Price
1206-B Unit Amplifler. . . «omomeons swveise oo ARBOR $85.00
1203-A Unit Power Supply. . ... covivivnnn.. ALIVE 40.00

PATENT NOTICE. Sec Notes 1 and 8, page vi

120

GENERAL RADIO COMPANY

File Courtesy of GRWiki.org



AMPLIFIERS

TYPE 1261-A POWER SUPPLY

USES: The Typre 1261-A Power Supply is an
a-¢ power pack for use in place of batteries
in battery-operated instruments. The power
pack is interchangeable electrically and
mechanically with a BA48 (Burgess Type
G6'TAGO) battery. It can be used in the follow-
ing General Radio instruments:

Typre 720-A Heterodyne Frequency Meter

Type 759-A or -B Sound-Level Meter

Tyre 1231-A or -B Amplifier and Null De-
tector

Tyee 1550-A Octave-Band Noise Analyzer

SPECIFICATIONS

OUTPUT:

Filament Supply: 1.5 volts or 3.0 volts; maximum
current 350 ma. Normal current needed through filter
choke to operate relay is 300 ma,

Plate Supply: With 115-volt, 60-cycle input and 300
ma filament current output, the plate supply voltage is:

133 volts open circuit 80 volts at 5 ma
107 volts at 3 ma 72 volts at 7 ma

8 ma maximum output current

Hum and Noise Level: Sufficiently low to assure
satisfactory operation of instruments listed under condi-
tions specified,

Input Voltage: 105-125 (or 210-250) volts, 40 to 60
eyveles,

Input Power: Approximately 10 watts,

Tube: One G116 is used, and is supplied.

Type

Terminals: A four-terminal socket fits the battery-cable
plug on the Tyrr 750-B, Tyre 720-A, Tyre 1550-A and
Tyre 1231-A or -B. An octal socket is also provided and
one of the following plugs to match is furnished. Please
specify the type wanted:

1261-Pl — for Type 759-A Sound-Level Meter.
(Attenuator settings below 40 db on the A range
and 50 db on the B and C ranges not recommended.)
1261-P2 — for Tyre 759-B Sound-Level Meter.
1261-P3 — for Tyer 720-A Frequeney Meter.
1261-P4 — for Tyrr 1550-A Octave-Band Noise
Analyzer and Tyre 1231-A or -B Amplifier and Null
Detector.
1261-P5 — to be wired by customer to meet his needs.
Dimensions: (Length) 10 x (width) 24 x (depth) 5
inches.
Net Weight: 74§ pounds.

Code Word Price

1261-A

| Power Supply..............

NUTTY | $128.00

When ordering, specify type of selector plug desired and type number and serial nunber of instrument
with which power supply is to be used. Extra selector plugs can be supplied at a price of $2.00 cach.

TYPE 1262-A POWER SUPPLY

USES: The T'yre 1262-A Power Supply is an
a-¢ operated power pack, replacing the bat-
teries normally used in the Typre 1551-A
sound-Level Meter.

DESCRIPTION: The Tyre 1262-A Power Sup-

ply is a small, lightweight unit constructed so

that it can be conveniently attached to the
end frame of the Tyre 1551-A Sound-Level
Meter. It provides two d-¢ filament supplies
and one plate-voltage supply as required by
the Sound-Level Meter. Selenium rectifiers
and R-C filters are used in each supply circuit.

SPECIFICATIONS

Filament Supply: No. 1 1.2 volts at 45 ma

1.5 volts open circuit

1.2 volts at 40 ma

1.5 volts open cireuit

Plate Supply: 60 volts at 2 ma; 68 volts open cireuit.
(Nominal voltages obtained with 115-volt, 60-cycle
input.)

Hum and Noise Level: Sufficiently low to assure satis-

factory operntion of the Type 1551-A Sound-Level

Meter. With 115-volt, 60-cyele input, nominal values are:
Filament Supply: No. 1 50 gvolts

No. 2

Input Voltage: 105-125 volts. 50-60 cycles.

Input Power: Approximately 2 watts,

Output Terminals: A small four-terminal molded plug
on a short flexible eable fits socket on the Type 1551-A
Sound-Level Meter panel.

Input Connection: Line cord is attached to power
supply.

Mounting: Fastens to end frame of Sound-Level Meter
with serews through power supply to inserts in the frame.
Dimensions: (Height) 6)4 x (width) 714 x (depth) 21,
inches over-all.

No. 2 50 pvolts Net Weight: 2 pounds 10 ounces.
Plate Supply: 100 pvolts
— Type Code Word Price
1262-A | Power SUppIy. ... .oavessesssassnssis | MANLY ' $75.00
GENERAL RADIO COMPANY 121

File Courtesy of GRWiki.org



COAXIAL ELEMENTS

The Tyre 874 Coaxial Elements are a
group of inexpensive, but precision-built,
coaxial parts that can be plugged together
quickly and easily to assemble different
measuring systems in the frequency range
from d-c¢ up to 5000 megacyecles.

The fundamental measuring tools are a
slotted line for impedance and standing-wave
ratio measurements, bolometer clements and
a bolometer bridge for power measurements,
and a crystal rectifier and indicator for volt-
age measurements. These devices are sup-
plemented by all the necessary accessory
parts, such as tuning stubs, “line-stretchers,”
a tee, an ell, line sections of various lengths, a
matehing resistance termination, fixed and
adjustable attenuators, low-pass filters, and
other specialized devices.

The }\'l‘_\'.\l()!l(‘ of this group of coaxial ele-
ments is the Tyre 874 Coaxial Connector.!
This unique connector, any two of which,
though identical, can be plugged together, is
ideally suited for use on coaxial measuring
equipment. and was specifically designed for
this purpose. Its quick-connect-and-discon-
nect feature simplifies the assembly of coaxial
elements into complete measurement setups,
and its low reflections at ultra-high frequencies
can be neglected except in very accurate work.

The use of the Tyrr 874 Coaxial Connector
makes it possible to assemble & given measur-
ing setup with a minimum of parts. Since all
connectors are identical, the necessity of
stocking similar items with both male and
female connectors is eliminated. This com-
plete interchangeability of the clements, as
well as the excellent electrical performance
k’\\'. R. 'l'h;n’-lun. “A Rudieally New Conxinl Connector for the

Laboratory,” General Radio Experimenter, Vol. XXI1I, No. 5,
October 1948,

Firoune 1, Tyre 874 Coaxial Connector (approximately

1?;, times normal size).

. ~ 1000 2000 3000
FREQUENCY — MEGACYCL

Tyre 874 Connector standing-wave ratio as a function of
frequency

of the connectors are essential characteristics
for measurement work.

The basic elements of the Typr 874 Coaxial
Connector are an mner conductor, an outer
conductor and a supporting polystyrene bead
Figure 1 shows one of these connectors as-
sembled at the end of a rigid, 50-ohm, air-
dielectrie, coaxial line. The inner and outer
conductors are similar in prineiple; each is
essentially a tube with four longitudinal slots
in the end and with two opposite quadrants
displaced inward. To make a joint, two con-
nectors are plugeged together so that the
undisplaced quadrants of one connector over-
lap the displaced quadrants of the other.
I'igure 2 is a cross-section sketeh of a joint in
which the elements of one connector are
shaded dark and those of the other light. The
mutual overlapping referred to can be scen,
as well as the resultant circularity of the
joined conductors.

A clip lock is available to prevent con-
nectors lrom being pulled apart in permanent
setups.

PATENT NOTICE. See Notes 3 and 1, page vi

) enlarged abour 2!

Fisure 2. Cross-=ection sketch

times) of overlapping joints
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COAXIAL ELEMENTS

EQUIPMENT FOR STANDING-WAVE MEASUREMENTS
TYPE 874-LB SLOTTED LINE

USES: One of the important basie measuring
instruments used at ultra-high frequencies is
the slotted line. With it the standing-wave
pattern of the electrie field in a coaxial trans-
mission line, having a known characteristic
impedance, can be accurately determined.
From a knowledge of the standing-wave pat-
tern several characteristies of the circuit con-
nected to the load end of the slotted line can
be obtained. Ifor instance, the degree of mis-
match between the load and the transmission
line can be caleulated from the ratio of the
amplitude of the maximum of the wave to the
amplitude of the minimum of the wave, which
is called the wvoltage standing-wave ratio,
VSWR. The load impedance can be calculated
[rom the standing-wave ratio and the position
of & minimum point on the line with respect
to the load. The wavelength of the exciting
wave can be measured by obtaining the dis-
tance between minima. These properties make
the slotted line valuable for many different
types of measurements on antennas, compo-
nents, coaxial clements, and networks.

DESCRIPTION: The Tyre 874-L.B Slotted Line
is a 50-ohm, air-dielectrie, coaxial transmission
line with a longitudinal slot in the outer con-
ductor. The inner conductor is supported at
its ends only, thus minimizing reflections and
discontinuities caused by dielectrie supports.

An electrostatic pickup probe, mounted on
v sliding carriage, projects through the slot
and samples the electric field within the line.
Coupling between line and probe is adjustable
by changing the probe penetration. The maxi-
mum longitudinal travel of the probe is 50
centimeters, which is one-half wavelength at
300 Me. The position of the probe is indicated
on an adjustable centimeter scale mounted on
the line.

For the measurement of high standing-wave

ratios by the width-of-minimum method, the
Typr 874-LV Micrometer Vernier is available.

To operate the slotted line, a source of
r-f power is required. For most measurements
one milliwatt is adequate, and in many cases
much less can be used. In general, the higher
the VSWIR, the greater the amount of power
required. Some detectors require modulation
of the r-f power.

Either a erystal rectifier or a receiver can be
used as a detector of the r-f voltage induced in
the probe. A built-in erystal mount is incor-
porated in the carriage, and a Tyrnr 874 Con-
nector is provided for the receiver. When the
erystal is used, it is tuned to the operating
frequency by an adjustable stub, which plugs
into a connector on the probe carriage.

The erystal output ean be measured with a
d-c¢ microammeter, but the sensitivity is poor.
Much greater sensitivity can be obtained if an
amplitude-modulated signal is used and the
crystal output, which then is an audio fre-
quency voltage, is fed through a calibrated at-
tenuator into an amplifier supplied with an
indicating meter, such as the Typr 1231-P4
Adjustable Attenuator and the Tyrr 1231-3
Amplifier and Null Detector. The erystal out-
put is very closely proportional to the square
of the r-f input voltage over a wide range of
input voltage.

Another detector, which is both sensitive
and selective, consists of a Typn S874-MR
Mixer Rectifier and a local oscillator, used in
conjunction with a wide-band i-f amplifier,
such as the Typr 1216-A Unit [-I" Amplifier.
A wide frequency range can be covered, since
harmonies of the local oscillator can be used.

FEATURES: > This slotted line is a well-
designed, rugged, and precisely constructed
instrument, capable of accurate measure-
ments,

Fop view of Tyre 874-LB Slotted Line with Type 874-LV Micrometer Vernier and Tyre 8§74-D20 Adjustable Stub.
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COAXIAL ELEMENTS

> Useful for measurement on UITE-TV an-
tenna systems using Typr 874-QU3 Adapters.
> [ts sturdiness and light weight make it eon-
venient for field use.

> A wide variety of accessory coaxial units
are available, all of which are fitted wilh
Tyre 874 Coaxiul Connectors.

> Usable up to 5000 megacyeles.

SPECIFICATIONS

Characteristic Impedance: 50 ohms +=17,.
Probe Travel: 50 centimeters; seale is calibrated in
millimeters.
Frequency Range: 300 to 5000 megacyeles. Operation
at frequencies below 300 Me is possible, if lengths of
Typr 874-L30 Air Line are added.
Dielectric: Air.
Accuracy: Constancy of Probe Penetration — 2147
or better.
VSWR of Terminal Connectors:

Less than 1,02 at 1000 Me.

Less than 1.07 at 4000 Me.
Crystal Rectifier: 1 N21B-type silicon erystal,
Accessories Required: (Tyer 874-D20) Adjustable
Stub for tuning the erystal rectifier; suitable detector and

Type

generator (see discussion on next page); one each Tyn
874-R20 Flexible Line and Typre 5874-R32A Pateh Con
for generator and detector connections.

Other Useful Accessories: Tvee S74-WM 50-Ohy
Termination, Tyre 87T4-WN or WN3 Short-Cireuil
Termination, and Tyre S74-WO or W03 Open-Cireul
Termination: Tyre 874-UB Balun; Tyre 874-M Comn
ponent Mount; and Typre 874-() Adaptors. A complet
kit of Tyre 874 Coaxial Elements, including the Slotte
Line, is listed below. FFor the measurement of high stand:
ing-wave ratios (greater than 10), a Tyee S74-LY
Micrometer Vernier is recommended.

Dimensions: 206 x 44 x 3% inches, over-all.
Net Weight: 814 pounds,

Cade Word Price

874-1B

| Slotted Line........................... | COAXRUNNER |

$220.00

TYPE 874-LV MICROMETER VERNIER ATTACHMENT
FOR SLOTTED LINE

For measurement of high standing-wave
ratios by the width-of-minimum method.

the slotted line, One turn of the micrometer
barrel advances the head hy one millimeter

Consists of a micrometer caliper head, cali-  Maximum range is 2 ems. Can be read
brated in centimeters, mounted on an arm  to 40.002 e¢m.
that can be attached to the rear base rod of  Net Weight: 0 ounces.
Ty e B Code Word ffr'£4ruf
874-LV | Micrometer Vernier Attachment. . ... ... .. | COAXREADER | $23.00
.

For other v-h-I and u-h-f impedance-measuring equipment, see Type 1602-B U-H-F |
Admittance Meter and Tyee 1601-\ V-T1-I" Bridge, pages 100 and 102. }

BASIC SLOTTED LINE KIT

For impedance and standing-wave measurements with the slotted line, a group of coaxial elements has heen
selected and is available as the Type 87T4-EK Basic Cloaxial Kit. The following items are ineluded.

Tupe Name Quantity Unit Price Price
874-A2 CRARTAL CABIE o ses-s/wwnimssmmsnsm fusm sy | 25 feot, [ $27.00/100 feet $ 6.75
874-B Basic Connector.......ccvevevenrnsnenas 2 1.15 2,30
874-C Cable Connector. ..ovvvevieronen e 2 1.70 3.40
874-C8 Cable CONNOLIOr ..o s iwstssssmmmabsess 2 1.70 3.40
874-D20 Adjustable Stub, . ..ci v ieisimie e 1 | 11.00 11.00
874-D50 Adijustable Stub, . .....covieiiiiiiiiien 1 12.00 12.00
B74-LA Adjustable Line.......covvvviieninnenis 1 14,50 14.50
874-LB Sloftad LInG i & sviiisiiim s e i eieee e 1 220,00 220.00
874-pP Panel Conneetor, . ..o vvvarennrnvinnnans 2 2.50 5.00
874-QNJ Adaptor to Type N Jack.......oovvvuinnn 1 3.75 3.75
874 -QNP Adaptorto Type NPlug........coovnennn 1 4.50 4.50
874-R20 Flexible Line (Patch Cord) ., .......ccvuu.. 2 6.00 12.00
874-R32A Paleh Cords s ¢ s sosmansnaniisisspanss s 1 5.00 5.50
874-T T o a0, N b w8 TN B 1 8.50
874-WM Matched (50 ohm) Termination ..... widsieats 1 17.50
874-WN Short-Circuit Termination. . .............. 1 2.25
874-WO Open-Circuit Termination, , .......oovunn 1 1.75
874-7 " e i iy Ky Lo J 1 15.00
TOTAL Type 874-EK Basic Coaxial KI¥ o « o vnnnassioniosinissesiosssnsssnesesssssssos . $349.10
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COAXIAL ELEMENTS

ACCESSORIES

If very high standing-wave ratios (greater than 10) are to be measured, o I'yee 8T4-LV Mierometer Vernier
Attachment should also be purchused as well as a harmonice filter,

Y rf pe Price
874-LV Micrometer Vernier Attachment, ... ovinininiiiiiaian A e T T e B $23.00
874-F1000 Low-Pass Filter (page 135) v.oovvnurieruncreans R R V0 P BN B AW o ! 10.00
874-F500 Low-Pass Filter (page 135) ......ovvvnnvnnninnns AR R RS TR N R S S H T R T A | 16.00

See below for a listing of suitable generators and deteetors,

GENERATORS AND DETECTORS FOR THE SLOTTED LINE

GENERATORS
The following generators are recommended:
Type 1208-A Unit Oscillator, 65-500 Mc (page 168)......covuvunuieinirnnnnnns R m—— A . $190.00
Type 1209-A Unit Oscillator, 250-920 Mc (page 168) ... c.uvernrarsrsnssroorsassamssanrssrssrsannsssens 235.00
Type 1215-A Unit Oscillator, 50-250 Mc (page 168).......... SRR Rty ST e R R aTes A e e . 190.00
The above Unit Oseillators do not inelude power supply; the Tyre 1203-A Unit Power Supply is recommended.
Type 1203-A Unit Power Supply (page 116)..........0.n T o T SRR e e s e s et o000
A pateh eord is required for conneetions between generator and Slotted Line.
Type 874-R20 Flexible Line (Patch Cord) (page 131) .............. D R L o S Yy $ 6.00
If a modulated signal is desived, the Typre 1214-A Unit Oscillator is recommended, to supply the modulating
signal,
Type 1214-A Unit Oscillator (page 164) ....... O R 90 R 0 L TR S R RSN e 19 I R veenees  $ 66.00

The Tyrr 1021-AU Standard Signal Generator (page 146) is also o satisfactory source,

DETECTORS

A number of satisfactory detector combinations are listed below,
1. Using audio-frequency oulpul of crystal rectifier in stotted line. Requires a modulated generator (see above).
Neeessuary equipment consists of the following items:

Type 1231-B Amplifier and Null Detector (page 107 ) ...\ .vurueriniuireraenrscarscrrecareanrasnssanssnnns $250.00
Type 1231-P2 Tuned-Circuit Filter (page 109) ................. Py Y T L SO, SRR I 25.00
Type 1231-P4 Adjustable Attenuator (page 110). .. ..uuuuitiiiiinnretiionanieronorecanonoreinsnnns sauns 70.00
Type 874-D20 Adjustable Stub, 275-5000 Mc (page 130) ......cvvvuuunann. P S W e e e el Wretnieue W arele 11.00
Type 874-R32A Patch Cord (page 239) ... ... .. et e e Sl SieTa ST o i T ST e T A Lo Er 5.50
TFOTAL &l e SRR o o o el Wi i e B baviaTey Mo bR SR $30T1450

. Using d-¢ output of crystal rectifier. This method doces not require a modulated generator.

1‘ or the measurement of relatively low standing ratios it is quite satisfactory, and its simplicity makes it at-
tractive for many field measurements. [t is relatively insensitive and is not c.xp.zhlv ol as great aceuraey as other
maethods,

Type 274-NF Patch Cord (page 239).....cuvieiiiniiarivninrrsoisrvnsnsnns corven P S IR PR SRS $ 200
Type 874-Q6 Adaptor (page 240)........... T T e e e e TP T T o (e e T3 T 2.25
Type 874-D20 Adjustable Stub (Bage T30 .« ooeivnises oo smwmi onsiiiossamm@srss o s b sos s vuenaias 68 homom e e 11.00

Microammeter with sensitivity of 50 pa or better.

3. Helerodyne system. The signal from the generator and a signal from an auxiliary oscillator are combined in a
Typre 874-MR Mixer Rectifier to produce a 30-megacyele difierence frequency, which is fed to a Tyre 1216-A
Unit [-F Amplifier. A single auxiliary oscillator, such as the Tyer 1215-A or T'yre 1208-A Unit Oseillators, can
be used to cover a wide range of measurement [requencies, beeause oscillator harmonies can be used with unl\ a
slight increase in conversion loss. The auxiliary Unit Oscillator operates from the power supply in the Unit
Il Amplifier.

This method of detection affords much better shielding than a receiver used directly at the operating frequency,
and, in addition, provides the high degree of selectivity needed for measuring high standing-wave ratios.

[Equipment required:

Type 874-MR Mixer Rectifier (page 129)........c00iiiirinnnn.. P PEPE NIt covense 9 32.50
Tvpe 874-R20 Flexible kine (Patth/Cord) (Page TIV) weicvssomvismis vmnwoess ssesis sadsdsis s s wsoa s seisaes 6.00
Type 1216=-A Unit1-F Amplifler (page T18) ... .uiuauii vessame s vaisnsen onhniassssssiss isss bty se Price on request

Unit Oscillators (one of the following)
Type 1215-A Unit Oscillator (page 168) .....coverrrerecrsrsrsesssssososes R (TN & Sk Rl A 190.00
Type 1208-A Unit Oscillator (page 168) . ......coviuriiiiirrrnenseiiiiiseriasraieassens A S 190.00
Type 1209-A Unit Oscillator (page 168) .............. Witk iAo T B R AT R S TR R e . 235.00
GENERAL RADIO COMPANY 125
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EQUIPMENT FOR POWER MEASUREMENTS
TYPE 1651-A BOLOMETER BRIDGE

1651-A Bolometer Bridge with T'yvee ST4-H25

Tyrr
Thermistor Unit in left foreground (see page 127) and

Tyre ST4-WL Lamp Termination in right foreground

(see page 133).

Uses: The Bolometer Bridge is a general-purpose in-
strument. for measuring r-f power, in the milliwatt
range, by either a d-¢ substitution or a direct-reading
method,

It is intended for use with General Radio Tyre
S§74-H25 and Tyre 87411100 Thermistor Units and
with Typre S7T4-11I" Fuse Bolometer, but is equally
usable with bolometers of other makes, sinee it can be
set to accommodate any bolometer resistance between
25 and 100 ohms and currents up to 100 ma.

In conjunction with a General Radio Tyre 874-LB
Slotted Line, the bridge can be used for calibrating
r-f voltmeters and chee ‘king the output of standard-
signal generators,

DESCRIPTION: The circuit is a d-¢ Wheatstone bridge,
with the bolometer element in one arm. The bridge is
supplied by a transformer and rectifier system, fed
from the 60-cycle line, through a VARIAC® auto-
transformer.

In the d-¢ substitution method of measurement, the
bridge is first balanced with r-f current in the boloms-
eter, the r-f power is removed, and the bridge re-
balunced by nereasing the d-¢ bolometer current,
R-F power is then determined by multiplying dial
and meter readings.

In this bridge all quantities are noted after the final
balanee has been made and after the r-f power has
been removed, which eliminates errors due to changes
in the r-f power level while readings are being taken
and, by permitting dial and meter indications to be
read slowly and carefully, tends to improve the
aceuracy,

In the direct-reading method, the meter seale is
standardized in terms of a substitution measurement,
after which it reads r-f power directly.

Condensed operating instruetions are mounted on
the panel,

FEATURES: > The Tyrr 1651-A Bolometer Bridge is
flexible in application and ean be adapted to a variety
of r-f power-measurement problems,

> Bolometers or power sensitive elements having a
wide range of resistance ean be used.

> Measurements ean be made by either a direct-read-
ing or a substitution metho:d.

> Resistance vs. current characteristic of bolometer
elements ean be measured.

> Measures power up to 0.5 watt directly.

SPECIFICATIONS

Range and Accuracy — Substitution Method
With T'yre 8T4-1H25 Thermistor Unit

Thermistor resistance set for max. sensitivity . .. .....
Thermistor resistance set at 30 ohms, . ... .., .. ovunnn ;

With T'ypee STA-11L00 Thermistor Unit

Thermistor resistance set for max., sensitivity . .. ... ..

Thermistor resistance set at 50 ohms. ., ........

With T'yee STA-HI Fuse Bolometer Holder, MJR }3-) Jmporc fuse

Fuse resistance set for max. sensitivity. . . ...
Fuse resistance set at S0 ohms, . ... ... ......
Fuse resistance set for max. power range.

With Tyre STI-HI Fuse Bolometer Holder, M. IR 1{ 2-ampere fuse

Fuse resistance set for max, sensitivity., .. ......
Fuse resistance set at 50 ohms

Bolometer Resistance Range: 25 to 400 ohms.
Current Range: 0 to 100 milliamperes.
Power Supply: 105-125 volts, 60 cveles,
Frequency Range: Determination of power is inde-
pendent of frequency. Practical range:

5 — 4000 Me with thermistor units,

5 — 1000 Me with fuse units,

T upe

1651-A
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IFuse resistance set for max. power range. . ... .......

| BolomefcrBridge.............................l

....... i vivenne 0 te 6 mw (109 4 0,05 mw)
.................... 0to 18 mw (109, + 0,12 mw)
............. veereee 0t 20 mw (109 + 0,15 mw)
...... Oto 70 mw 4=(109% + 0.5 mw)
........... Oto Smw (107 4 0.1 mw)

,,,,, 0to 14 mw (109 4+ 0.15 mw)

..... Oto 50 mw (109 + 0.3 mw)

............ vereeasa0to 20 mw (109 + 0.5 mw)
.......... veinereeen 010 100 mw (109 4+ 0.75 mw)
...................... 0 to 500 mw £(109, + 3 mw)

Accessories Supplied: One CAP-35 Power Cord; one

Tyrr 274-NEO Patch Cord; spare fuses.

Accessories Required: Bolometer eclement., Types

874-1125 and ST4-H100 Thermistor Units, and Type

874-HF Fuse Bolometer Holder are recommended.

Dimensions: (IHeight) 12 x (width) 12 x (depth) 834

inches, over-all.

Net Weight: 2214 pounds.
Code Word Price

$325.00

BEGIN I
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COAXIAL ELEMENTS

BOLOMETERS

Type 874-H25 Thermistor Unit
(25 mw)

Consists of a thermistor mounted in a coaxial
holder with a dise-type by-pass capacitor. Bind-
ing posts are provided for connections to bolometer
bridge. Can be used for power measurements over the
frequency range from 5 Me to about 4000 megacyeles.
A d-c path is required in the r-f source. Complete
with thermistor,

By-Pass Capacitance: Approximately 2000 puf.
Physical Length Over-all: 37% inches.
Maximum Total Power: 25 mw.

Type 874-H100 Thermistor Unit
(100 mw)

Similar to Tyee 874-1125, with maximum power
rating of 100 mw. Complete with thermistor,

Physical Length Over-all: 3% inches.

Type 874-HF Fuse Bolometer Holder

A coaxial holder for fuse bolometers 1 ineh long
by Y4 inch diameter (SAG size), Otherwise similar to
the thermistor units described above. Supplied with
one Type 874-HF-P1 Fuse Assortment,

Maximum Frequency Limit: Approximately 1000 Me.
By-Pass Capacitance: Approximately 2000 puf,
Physical Length Over-all: 4 inches.

Type 874-HF-P1 Fuse Assortment

Replacement fuses for Tyrs 874-11F. Includes five
M o-nmp fuses and five 14 .-amp fuses.
Connections between the bolometer bridge and the
bolometer units can be made by the Tyre 271-NEO

Pateh Cord.

Type 874-WL Lamp Termination

See page 133 for a description of a coaxially-
mounted Jamp useful for power measurements in the
50 to 100-mw. range.

VSW R of the Fuse Bolometer and Thermistor Units as
function of frequency, with d-c¢ resistance set at 50 ohins.

Power-measurement ranges of Iuse and Thermistor
Bolometers and the Bolometer Bridge, by substitution
method, as a funetion of bolometer re<istanece. Minimum
deteetuble power in milliwatts is indieated by the numbers

at the ends of each curve,

Tupe Code Ward Prive
874-H25 Thermistor Unit ............ SR RN Ty aré COAXWARMER $29.50
874-HP25 Replacement Thermistor for Type 874-H25.... ... THERM 15.00
874-H100 Thermislof Untt . c e onsovensesonsess A i (emal e b COAXHEATER 28.00
874-HP100 Replacement Thermistor for Type 874-H100...... CALDO 13.00
874-HF | Fuse Bolometer Holder ...cvvvvevcencnncanninns COAXHOLDER 18.00
874-HF-P1 FUSH Assorment . .5 s assinnnsseisions s anise FUSOR 3.50
274-NEO | WRHRI GO 554 b o 5y et s e et 6 R R0 v STAPLUGEYE 5.00

GENERAL RADIO COMPANY

Diagram of a transformer
made up of standard Typr
- 574 Coaxial Elements for
TYPE 1651-A

matching a bolometer ele-

BOLOMETER
BRIDGE

ment to a H0-ohm line.

should be modu-

Sourece

lated.
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EQUIPMENT FOR VOLTAGE MEASUREMENTS
TYPE 874-VR VOLTMETER RECTIFIER

— 2T

TYPE 874-VI VOLTM

Rectifier and Tyre S74-V1 Volt-
Indieator,

Tyre 8ST4-VR Voltmeter

ETER INDICATOR

The Voltmeter Rectifier and Voltmeter Indicator
are used to measure or to monitor the voltage n
coaxial systems, The rectifier unit is shown in the
accompanying schematic diagram. When a generator
is connected to the input end, the output is equivalent
to that of a 50-ohm gencrator whose open circuit
voltage is equal to the voltage at the crystal, less
any attenuation in the output line, and, hence, this
system can be used to convert any well-shielded
oscillator into a standard signal generator. The
rectifier is also uscful as a general-purpose high-
frequency detector.

The Voltmeter Indicator indicates the rectified
d-c output of the Voltmeter Rectifier and provides
means for measuring the voltage at any level bhetweer
0.1 volt and 2 volts by comparigon with a voltage
derived from the 60-cyele power line. The aceuracy is
independent of the crystal characteristies,

Schematic of Type ST1-VR Voltmeter Rectifier.

TO METER

OUTPUT

SPECIFICATIONS

Type 874-VR

Maximum Voltage: 2 volts,
Resonant Frequency: Approximately 38500 megacyeles,
By-Pass Capacitance:
eapacitance of erystal, approximately

BOU puf; shunt
I ppd,
Frequency Range for Voltage Measurements: 15 Me
to 2500 Me, subjeet to resonance correction above 1000
Me,
bhe 'Ill':l:lll'tl at both lower and ’.l;’]wl Zl|'1|u|-n<'il'~.
The

above

\|n;.l'-»\;l.’n::lt'l}

Voltage indications and correet vollage ratios can

resonance cvorrection eurve at right covers the

indieated Irequency range for accurate voltage
measurements,

(height ) 2% inches,

Dimensions: (Length) 3%; «x
Net Weight: 5 ounces.

Type 874-VI

Range and Accuracy of Calibrating Voltage: 0.1-2
volts 40.05 volt.

Crystal Current for Full-Scale Indication: 200 g,
Power Supply: 105 to 125 volts, 50 to 60 eveles

Input Resistance: GO0 ohms, minimum; 10,000 ohms,
maximum,

Tupe )
874-VR Voltmeter Rectifier. . .............
874-VI Voltmeter Indicator , . ............
874-R32A Pateh Cord ..vcovonian . il

128

| 2
THOUSAND MEGACYCLES

for resonance in the Tyer ST4-VR

Voltmeter Rectifier.

Correction factor

Accessories Supplied: Line connector cord

Other Accessories Required: Order one Type S74-
R32A Pateh Cord to connect rectifier to indicator,
Dimensions: 5% x 5% x 414 inches, over-all.

Net Weight: 3 pounds, 1 ounce,

Code Word Pririe
............. COAXRECTOR $30.00
............ i COAXVOLTER $70.00
...... /e COAXTPITTER 5.50

GENERAL RADIO COMPANY
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TYPE 874-MR MIXER RECTIFIER

Uses: The Mixer Reetifier is used as the first detector
n a heterodyne frequeney converter and permits a
general purpose receiver or a 30-Me wide-band i-f
unplifier to be employed as a detector for u-h-f
neasurements, The high-frequency signal which may
have a frequency between 50 and 5000 Me is mixed
with a signal from a loeal oscillator to produce a
fifference frequency below 40 megacyeles, which is
then fed to the receiver or i-f amplifier. The heterodyn-
ing signal of the local oscillator may be one of its
harmonies,

DESCRIPTION: The Tyrr 874-MR Mixer Reetifier con-
dsts of a short coaxial line with a 250-ohm series
resistor and a erystal rectifier terminated in a low-
pass filter having a cut-off frequency of 40 Me.

FEATURES: This mixer, in combination with a loeal
oscillator, makes it possible to use the Tyre 1216-A
Unit I-1" Amplifier as a detector for v-h-f and u-h-f
measurements over a range of 50 to 5000 megacyeles,
See dingram on page 168.

Schemntic dingram of Type 874-MR Mixer Rectifier.

CONVERTER OQUTPUT
0-40 Mc

SPECIFICATIONS

Operating Frequency Range: 50 to 5000 Me,
Maximum Crystal Current: 5 ma.

Maximum Input from Local Oscillator: 2 volts,
Cut-Off Frequency of Output Filter: 40 Me,
Conversion Loss at 30-Mc Output: Depends upon
load impedance and is about 6 db with the Tyre 1216-A
Unit I-F Amplifier when local oscillator fundamental
is used,

Accessories Required: Locual oscillator for heterodyning.
Tyee 1215-A, Tyre 1208-A and Tyer 12080-A Unit
Oscillators are recommended, For signal  frequencies
above the fundamental oscillator ranges, harmonices ean
be used. Patelh cords as indieated in the diagram on
page 168 are needed for connections. The Tyrr
30 Me Unit I-F Amplifier (page 118) is recommended as
a detector.

Terminals: Tyre 874 Coaxial Connectors.

Net Weight: 614 ounces

Code Word Price

- 2500
LOCAL OSCILLATOR SIGNAL INPUT
50-5000Mc 50-5000Me
Ty
874-MR | Mixer Rectifler. v vvvuvreonsanrnnss

$32.50

COAXVERTER

TYPE 874-M COMPONENT MOUNT

The Tyer 874-M Component Mount ig a shielded
enclosure with convenient inside terminals for mount-
ing smull components to be measured. It minimizes
lead"” reactance and stray eapacitance when the
impedance of ecircuit  elements and  networks s
measured over a frequeney range from d-c to 5000 Me.

The Component Mount connects directly to the
I'vre 874-L1B Slotted Line, the Type 1602-B Admit-
tance Meter, the Typr 874-LK Constant-Impedance
\djustable Line and all GR Coaxial Elements.

The Short- and Open-Circuit Terminations supplied
simplify  determination  of line-length  corrections
between the instrument measuring point amd  the
component being measured, without disconnection of
the component from the Mount.

=R

SPECIFICATIONS

“requency Range: D-c to 5000 Mec,

Accessories Supplied: One Typr S7T4-WN3 Short-
(Cirenit Termination, one Tyre ST4-WO3 Open-Clireuit
lermination,

Other Accessories Recommended: One Tyre 874-LEK

Constant-Impedance Adjustable Line when the Mount
is used with the Tyre 1602-B Admittance Meter
Dimensions: Diameter, 3 inches. Height of shield ean,

294 inches.

Terminal: Tyre 874 Coaxial Connector.

= Tupe = Code Word Priee
874-M Component Mount. ........ sasmuahense e kol COAXYMOUNT | $25.00
GENERAL RADIO COMPANY 129
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ADJUSTABLE LINES

| 36 CM. MIN.
61 CM. MAX.

An air-dieleetrie, conxial line that can be telescoped
to change its length. Used in matehing networks.
Contaets nre made by multiple spring fingers,

‘l'._i,';u
B74-LA

| Adjustable Line . ..... e T

Length Change: 25 cin.

Characteristic Impedance: Not constant — approxk
mately 50 ohms when fully collapsed. Approximately
57 ohms when fully extended.

]’f‘i’l‘a“

Code Ward
$14.50

COAXLAPI'ER |

58 CM
80 CM MAX,

MIN,

Type 874-LK Constant-lmpedance Adjustable Line

The Tyre S7T-LK Constant-Impedance Adjustable
Line is a line stretcher adjustable from 58 to 80 em
with 2 very low VSWR and a uniform characteristic
impedance of 50 ohms. A locking mechanism is pro-
vided for maintaining desired adjustments.

It is particularly useful for l.-fimituuling the usual
Smith-chart corrections for the length of the line
between the unknown and the impedance measuring
device, This is accomplished by adjusting the overall
line length to exactly a half wavelength or an even
integer thereof, 1t can be used to convert admittance-

measuring  devices to  direct-reading  impedance-
measuring instruments, and vice versa, by adjustment
of the overall line length exactly to an odd integer
multiple of a quarter wavelength, The Adjustable
Line can also be used as part of an impedance
matching transformer in coaxial systems.

Impedance: 50.0 ohms.

Length: Maximum, 80 em; minimum, 58 cm.

VSWR: Approximately 103 at 500 Me, 1.06 at 1000 Me,
LOS at 1500 Me and 1.10 at 2000 Me,

"’.’H" Code Word . Priee
874-LK Constant-Impedance Adjustable Line ........... ‘ COANKERPER ' $36.00
ADJUSTABLE STUBS
28 CM MIN. _|
1 48 CM MAX. ‘

H7A-D20

Type 874-D20 and Type 874-D50 Adjustable Stubs

For matching or tuning, and use as reactive ele-
ments. Can be used with indieator and secale as
reaction-type wavemcters, Stubs consist of a coaxial
line with & sliding short cireuit of the multiple-
spring=finger type. The short cireuit is moved by a
bakelite tube, The Tyre 874-D20 is calibrated in
stub length from the junction of the branch line with

T e
874-D20 Adjustable Stub (20 em) . ...... %
874-D50 Adjustable Stub (50 em) .......0uue
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the through line in a Type 871-T. The Tyre 871-D50
has no calibration but has a sliding reference marker.

Characteristic Impedance: 50 olins,

Maximum Travel of Short Circuit:
20 em for 8T4-120,
50 em for ST4-150,

Code Waord Price
..... FUE SR COAXTUBRER $11.00
casenes sy COAXBIGGER 12.00

GENERAL RADIO COMPANY

File Courtesy of GRWiki.org



COAXIAL ELEMENTS

Type 874-VC Variable Capacitor
USES: General-purpose tuning element in resonant-
line cireuits, matching transformers, and baluns
at low frequencies where the size of line-type
elements makes them awkward to use. General-
purpose shiclded eapacitor at lower frequencies.
FEATURES: > Low-loss capacitor.
> Milled-aluminum rotor and stator,
> High-temperature polystyrene insulation,
> Well shiclded.
> Small, precision ball bearings.
> Insulated shaft.
> Accurately engraved drum dial.

SPECIFICATIONS

Incremental Capacitance Range: 56 wuf at 1000
I'}'l"l'.~,
Effective Capacitance Range: High frequencies,
see curve. Low frequencies at Tyee 874 connector

14 ppf min., 7O pef max.: at Tee Junetion (see
curve) 16.5 pul min., 725 uul max.
Dial Calibration: 00— 100. (Not ealibrated in guf.) Size: 2% inches dinmeter x 514 inches high, over-all.
Capacitance Variation: Linear. Weight: 12 ounces.

T'f”n' Code Ward Price

874-vC

Varisble Capatitoryi s vivsiisasasiinsiisssies 4 COAXYFARAD

LINE ELEMENTS

Price on request

50-Ohm

Bra=Lzo

Air Lines

end, The clectrieal lengths are 10 em, 20 em, and 30
om, respectively.

For spacing stubs or other elements of a coaxial
systent, Liach air line consists of a length of 50-0hm,
air=dielectrie, coaxial line with a connector af cach

~ Type e Cade Ward Prie:

874-L10 50-L2 AlrLine (10 em) ovvvvnvnnnreannrsnnrnnae COAXDECKER $5.00
874-1L20 502 Al LIne (20°0m) .o ieesnicdsn v s seee COAXVENTER 5.50
B874-L30 S0-52.AlF LIne (30:€M) o vresvsiasnmmmemoensnsse COAXTRIPLY 6.00

NOTE: ALL CROSS-SECTION BACKGROUNDS IN THE PHOTOS BELOW ARE !4-INCH SQUARES.

A

Tyre 87T4-EL Typr ST4-IR

Tyre 874-T

374-1RR20

Tyre

Type 874-R20 Flexible Line (Patch Cord)

IFor making shielded connections. Consists of three
feet of double-shielded, 50-ohm Tyrr 87T4-A2 Poly-
ethylene Cable (specifications on page 138) with a
Tyrr 8§74-C Conneetor on each end. See page 239
for other pateh cords,

Type Code Word Price

874-R20 | Flexible Line, ... $6.00

Type 874-EL 90° Ell
IPor making a right-angle bend in a coaxial system.
Characteristic | mpedance: 50 ohuns,
Electrical Length: Approximately 7 em.
VSWR: Less than 1L.06 at 2000 Me; less than 1.15
at 4000 Me,

| coaxnarrer |

Type 874-T Tee

Used for connecting stubs and other elements in
shunt with a couxial line,

Ty Code Ward Pric
874% | Teeicvawires |

$8.50

COAXTOGGER |

Type 874-JR Rotary Joint
Used when one part of a svstem must be rotated
with respeet to another part, as when measuring
antenna patterns or when changing the coupling of a
]Ul)l].

VSWR: Less than 1.05 at 1000 Me; less than L3 at
4000 Me,

7":”31 - (o “-ﬁ.l'rfi Price *",..fj."“ Code Word Price
874-EL | 90° Ell........ | coaxaNcLer | $6.50 874-JR | Rotary Joint.. | COANJOINER | $9.00
GENERAL RADIO COMPANY 131
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COAXIAL ELEMENTS

TYPE 874-UB BALUN

Frequency Range: 51 to 1000 Mc with proper acces-
sories, as listed below,

Accessories Supplied: One Tyre 874-UB-P1 300-Q
Terminal; one Tyre 874-WN3 Short-Circuit Termina-
tion; one Tyre 874-WO3 Open-Cirenit Termination.,

ACCESSORIES REQUIRED FOR

Frequency Range

USES: The Tyrr 874-U"13 Balun is a balanced-
to-unbalanced  coaxial  transformer whicl
makes possible simple and accurate imped-
ance measurements of a balanced unknown
using generally available unbalanced imped-
ance-measuring equipment. When used with
the Tyer 874-LB Slotted Line or the Tyrr
1602-B Admittance Meter, it permits bal-
anced measurements over a frequency range
from 54 to 1000 Me without appreciable
insertion loss. When the Balun is used with
the Admittance Meter and the T'yre 874-LK
Constant-Impedance Adjustable Line, the
Admittance Meter will read balanced imped-
ance directly,

DESCRIPTION: The Balun makes the balanced-
to-unbalanced conversion accurately by using
a tunable artificial (or loaded) half-wave line
It is adjusted for proper operation at a par-
ticular frequency by means of shunt tuning
clements, such as the Tyee 874-D20 Adjust-
able Stub, the Tyre 874-VC Variable
Capacitor and the various fixed-length air
lines. The table below indicates the frequen-
cies covered with combinations of the Typg
871 elements.

A Type 874-WN3 Short-Circuit Termina-
tion and a Tyer 874-WO3 Open-Circuit Ter-
mination are supplied with the Balun. These
facilitate the correct tuning of the Balun. A
terminal plate is also supplied for use in
measuring balanced lines and systems having
a characteristic impedance of 300 ohms.

SPECIFICATIONS

Other Accessories Recommended: One Tyre 874-LK
Constant-Impedance Adjustable Line (for use with the
Tyre 1602-B Admittance Meter), one Tyre 874-Z
Stand, and tuning clements as listed below,

VARIOUS FREQUENCY RANGES

Acevsxory Eguipmoent

470 to 1000 Me 2-Tyre 874-D20 Adjustable Stubs
350 to 525 Me 2-Tyrr 874-D20 Adjustable Stubs and 2-Typr 874-L10 Air Lines
275 to 380 Me 2-Tyrr 874-D20 Adjustable Stubs and 2-Tyrr 874-L20 Air Lines
225 to 280 Me 2-Tyrr 874-D20 Adjustable Stubs and 2-Tyre 874-1.30 Air Lines
170 to 280 Me 2-Tyrr 874-D50 Adjustable Stubs and 2-T'vee 874-1.30 Air Lines
174 to 216 Me 2-T'vre 874-VC Variable Capacitors and 2-Tvypr 874-L10 Air Lines
140 to 174 Me 2-Type 874-VC Variable Capacitors and 2-Typre 871-1.20 Air Lines
88 to 140 Me 2-Tyer 874-VC Variable Capacitors and 2-Tyrr 874-1.30 Air Lines
54 to 88 Mc 2-Tyre 874-VC Variable Capacitors and 2-Tyre 874-XL Series Inductors
Type Code Word Price
B874-UB BRI oo a0t 0w i 0 B 6 6w [ W o9 COAXYBALUN “ $75.00
874-D20 | Adjustable Stub (20 em.) ............. R COAXTUBBER 11.00
874-D50 Adjustable Stub (50 em.)..... R R T TS el COAXBIGGER 12.00
874-L10 50-Q Alrkine (0 em.) coocnvvsasssnvosesssess COAXDECKER 5.00
874-120 50-2 AlrLine {20 em.) . ..cconvrnnsisiovovesss COAXVENTER 5.50
874-L30 50-0 AlrLine (30 em.) .cccuvercicnnessimeines COAXTRIPLY 6.00
874.vC Variable Capacitor......... SR SRR COAXYFARAD | Price on request
874-XL L T T A e L D o P R S S e S 1 COAXDUCTOR [ 11.00
132 GENERAL RADIO COMPANY
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COAXIAL ELEMENTS

TERMINATIONS

Type 874-WM 50-Ohm Termination
Provides a good impedance mateh for 50-ohm
couxinl  svstems  from  de to  several thousand
Illl',LE-'n'\'l'h-.\. Useful for establishing reference condi-
tions, for terminating filters and attenuators, and for
many other purposes, Consists of a 50-ohm eylindrieal
"I'*i"'\[]l' [lllll“]]l"i i” a lfl!”']'l'i! ("l:\\i.'ll il‘}]lll,'r.

OPEN-CIRCUIT AND SHORT

a )

N

po .

right: Tyre S7TI-WN, Tyer ST4-WN3, Tyrs
S74-WO, Tyee S7T4-WO3.

Type 874-WN Short-Circuit Termination
Type 874-WO Open-Circuit Termination

Useful for establishing reference conditions on
coaxial lines. Can be used in substitution measure-
ments when the unknown is to he replaced by a short
cireuit or an open circuit. The short-cireuit termina-
tion consists of a fixed shorting strap mounted in a
connector. The effective position of the electrical
short-cireuil is fixed. The open-circuit termination is a
shielding cap for open-circuited lines. Because of
unavoidable end capacitance, the effective position ol
the electrieal open-cireuit varies with frequency over a
distance range of 2 mm. On the average, it is 2 mm
from the effective position of the electrical short-
circuit produced by the short-circuit termination.

3000
FREQUENCY, Mc

Plot of standing-wave ratio of a typical Typee 874-WM
50-Ohm Termination as a function of frequency.

D-C Resistance: 50 ohms =19,

Maximum Power: 14 wutt.

VSWR: Less than 1.08 up to 2000 Me; less than 1,13
up to 4000 \Me

~-CIRCUIT TERMINATIONS

Type 874-WN3 Short-Circuit Termination

Type 874-WO3 Open-Circuit Termination

The Tyre 874-WXN3 and Tyre 874-WO3 present
short and open cireuits, respectively, at a point
exactly 3 em. bevond the face of the bead in the
Tyre 871 connectors. This distance corresponds
to the distance between the bead and the ground
plane in the Tyre 874-M Component Mount and the
distance between the bead and the unbalanced
terminal in the Tyre 874-UB Balun.

(‘ross-sections of the Type S74-WN3 (bp), and Tyre
S74-WO3 (bollom).

POLYSTYRENE -POSITION OF

" EFFECTIVE
SHORT CIRCUIT

POSITION OF
EFFECTIVE
OPEN CIRCUIT

Type 874-WL Lamp Termination

I'or rough indications of power in the 50 mw
to 100 mw range. Useful for making preliminary
tests on experimental oscillators. Consists of a flush-
light bulb in a serew-type, miniature socket on the
rear of a connector. Bulb has a straight-wire filament

’l"'/lﬂ'
874-WM 50-Ohm Termination .............
874-WN Short-Circuit Termination . .........
874-WO Open-Circuit Termination. . ........
874-WN3 Short-Circuit Termination..........
874-WO3 Open-Circuit Termination. .........
874-WL | Lamp Termination ........covuvuuun

GENERAL RADIO COMPANY

and is rated at 80 mw. Can be used with a photo-
clectric cell and meter (such as a photograyphic ex-
posure meter) in a d-¢ substitution method for more
accurate measurements,

Cade Word Price
............ COAXMEETER $17.50
............ COAXNULLER 2.25
............ COAXOPENER V7S
............ COAXTRINU 2.75
............ COAXTRIPO 2.50
............ COAXLAMPER 4.50

133

. File Courtesy of GRWiki.org



COAXIAL ELEMENTS

ATTENUATORS

Type 874-GA Adjustable Attenuator

A  mutual-inductance (waveguide-below-cutoff)
type attenuator useful for producing known voltage
ratios, for measuring attenuation, and for adjusting
voltage magnitude. Consists of a loop that can be
positioned longitudinally within a hollow tube by
rotating an outside sleeve. One turn of the sleeve
produces a 20 db change in attenuation, The sleeve
advances when it is turned, and complete turns
are indicated by engraved lines on the tube. Sleeve
and tube are calibrated directly in decibels, and unit is
read like micrometer calipers. The input system 1s a
short coaxial line with a connector at each end, one
end for connection to the power source and the other
for connection to a 50-ohm termination, an adjust-
able stub, or any desired load. The hollow tube of the
attenuator joins the input line at right angles and is
excited through a hole in the outer conductor by the
i]]“('l"l'(‘”l‘lui'l(”' (‘ll!‘f‘r‘llt.

Can be used in conjunction with Tyer 874-VR and
Tyrr 874-VI to convert a Tyre 1208-A, Tyrre 1209-A
or Typi 1215-A Unit Oscillator into a signal generator.

The output of the loop is brought out through three
feet of double-shielded flexible cable, which is ap-

-

T"" {

)|

ROTATING BARREL
,PICKUP LOOP

| | SLIDING TUBE,

A, K CABLE DIELECTRIC
. 500 RESISTOR
T~INPUT LINE

Cross-section of the coupling system used in the Tyes
S74-00A Adjustable Attenuator.

proximately matehed at the loop end by a 50-ohm
resistor between the low side of the loop and ground.

Calibrated Range: 120 db — usable range depends upon
shielding between input and oulput.
Insertion Loss at 1000 Mc:

With input line terminaled in 50 ohmas,

Minimum 18 db.

At beginning of accurately calibrated range 33db.
With dnput line terminated in adjustable stub, (to
produece voltage minimum under coupling loop),

Minimum — 20 db,

At beginning of accurately ecalibrated range

20 db. Insertion loss is approximately inversely propor-
tional to frequeney up to 1000 Me.
Accuracy of Attenuation:

Stub-terminated tnput, (19, of difference in attenua-
tion readings +0.2) db, direct reading.

50-0hm terminated input, (1159, of difference in
attenuation readings +0.2) db, when corrected. Cor-
rection chart supplied.
Waveguide Mode: 7 Fy,;; cutoff frequeney: 12,300 Me,
VSWR Introduced into Line: Less than 1.03 at 1000
Me; less than 1.2 between 1000 and 4000 Me,
VSWR of Output: Less than 4 at 1000 Me,

Less than 5 up to 4000 Me.

Frequency Range: 100 Me to 4000 Me.
Net Weight: 114 pounds.

Type 874-GF, GG Fixed Attenuators

A single-seetion, m-type resistunce attenuator useful
over the frequency range from de to geveral thousand
megacyveles, Consists of two dise resistors and one
evlindrieal resistor as the shunt and series elements
respectively.

Impedance: 50 ohms.

Maximum Power Input: 14 watt.
Physical Length Over-all: 215 inches.
Low-Frequency Accuracy: (.5 db.

Attenuation and standing-wave ratio of the Type 874-GF
Fixed Attenuator as a function of {requency.

Tupe Code Word Price
874-GA Adjustable Atenuator. . .....coiviiiiiennnnnans COAXLOSSER $55.00
874-GF Fixed Attenuator (20 db)........... PR AR COAXNEPPER 18.00
874-GG Fixed Attenuator (10db). ... .......covviuiiuenn COAXBELLER | 18.00
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COAXIAL ELEMENTS

FILTERS

i_ 3 I . ! LON~PASS FILTER 10

Type 874-F500, F1000 Low-Pass Filters

Reduction of harmonies from an u-h-f generator
by filters such as these is usually necessary for best
measurement results, particularly if a system contains
peak-reading voltmeters or sections that might
resonate at a harmonic frequency, or if high standing-
wave ratios are to be measured using a slotted line.
These filters are of the Tschebyseheff type, in which
very sharp cutoff is obtained at some sacrifice of
uniformity in the pass band. The alternately large-
and small-diameter sections of the inner conductor
form the equivalent of shunt capacitances and serics
inductances respectively. Unequal section lengths
reduce the likelihood of spurious pass bands above
cutoff.

Insertion Loss: Sce curve at right,

m
(=]
)
(]
(4]
(=]
=
=
2
-
[+ 4
w
(7]
=

"OPERATING FREQUEN
GUT-OFF FREQUENGY

Insertion Loss and VSWIR of the Typrs 874-1'500 and
874171000,

Cutoff Frequencies:

Tyer 874-1'500, 500 Me(—09, 1077

Tyrr 874-1"1000, 1000 Me(—0, +109).
Physical Length: Typre S74-I'500, 103§ in.; Tyre
8§74-1"1000, 714 in.

Type 874-K Coupling Capacitor

Consists of a short length of coaxial line having a
evlindrieal eapacitor in series with the inner conductor.
High frequencies are transmitted with small reflec-
tions, but de and low audio frequencies are blocked.
This unit is often necessary for separating d-¢ paths
in systems including two or more erystal rectifiers,
as in measurements of insertion loss.

Coupling Capacitance: Approximately 5000 wuf.
VSWR: Less than 1.06 at 1000 Me; 1.2 at 2000 Me.

Type
874-F500 500-Mc Low-Pass Filter. . .........
874-F1000 1000-Mc Low-Pass Filter. .........
874-K Coupling Capacitor. . oo v vvevvnn. ..

Code Word Price
............ COAXDIPPER ‘ $16.00
............ COAXMEGGER 10.00
............ COAXKICKER | 8.50

EXTERNAL COUPLING ELEMENTS

Type 874-MA Adjustable Coupling Loop

A general-purpose coupling loop. Consists of short
coaxial line with a one-turn loop at one end and a con
nector at the other. A collet is supplied for panel
mounting. The loop can be adjusted for desired degree
of coupling and clamped in that position by the collet.
Physical Length Over-all: 3 inches.
Maximum Diameter: 17§ inches.

Type 874-MB Coupling Probe
A general-purpose electrostatic probe consisting of a
binding post, mounted on a conunector.
Physical Length Over-all: 21¢ inches.

Type 874-LR Radiating Line

Allows coupling an external wavemeter or hetero-
dyvne fre quency meter 1o the fields within a coaxial
system, Consists of short coaxial line with opening in
outer conductor that ean be partially or completely
covered by a rotatable sleeve.
VSWR: Closed, less than 1. (D'> at 1000 Me, less than 1.4
at 3000 Me, and less than 1.2 at 4000 Me; open, less than
1.12 at 1000 Me, less than 1.6 at 3000 Me, and less
than 1.35 at 4000 Me.

(Left) Tyre STA-MA Adjustable Coupling Loop and,
(Right) Type 874-MB Coupling Probe.

Tyre S74-LR Radiating Line, shown partially open.

Tupe - - Code Word Price
874-MB L COUPHRGIPION G 590 50 Sanmas 5o damesamsumiss COAXPROBER $3.25
874-LR Radiating Line < s sivsimmaisanminsassavimean COAXMITTER 7.50
874-MA Adijustable Coupling Loop....ovviviiivnnnnnnn, COAXLOOPER 5.50
GENERAL RADIO COMPANY 135
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COAXIAL ELEMENTS

ADAPTORS

On this and the following page, a series of adaptors
are shown, enabling the user to connect the Tyre 874
Coaxial clements and instruments fitted with Tyee
874 connecctors to other common systems of con-
nectors, These include the General Radio Tyer 274
and Type 774 connectors, the type N, BNC, C and
UHF coaxial connectors, and standard 13{ inch

Tyrr 874-Q2 Adaptor Typr 8T4-Q7 Adaptor

T
874-Q2 Adaptor to General Radio Type 274
874-Q7 Adaptor to General Radio Type 774

Type 874-QU3 Adapior
to U-H-F 348" Rigid Line

Type 874-QV2A Adaptor
to V-H-F 154" Rigid Line

V-H-F transmission line and 3¢ ineh U-H-F trans
mission line.

The excellent voltage standing-wave ratio makes
them particularly useful, not only for connections
to Type 874 clements, but also for interconnection of
the wvarious military connectors and transmissior
lines.

Type 874-Q2 Adaptor to Type 274
The Tyre 874-Q2 Adavtor permits interconnectior
of the coaxial system with General Radio Typr 274

$a-inch-spaced banana plugs or binding posts.

Type 874-Q7 Adaptor to Type 774
The Tyrr 874-Q7 Adaptor plugs into any General
Radio Tyrr 774 conneetor, to permit connection to
Tyre 874 Coaxial elements,

Code Ward Price
............ COAXTIPPER $3.50
............ COANPASSER 3.75

These adaptors are used to conneet the rigid lines
in TV transmitting antenna systems to measuring
equipment using Typr 871 Coaxial Connectors, as,
for mstance, the Tyer 1602-3 U-H-F Admittance
Meter and the Tyrr 874-L1B Slotted Line,

The Typr 874-QU3 Adaptor (at left in photograph
ig designed for use between General Radio Typr 874
Connectors (50 ohm) and standard flange fittings on
315" U-H-F 50.0-ohm rigid line. The eurve at right
shows VSWR versus [requency for the Tyre 874-QU3
Adaptor.

The Tyre 871-QV2A Adaptor (at right in photo-
graph) is designed for use between General Radio
Tyre 874 Connectors (30 ohm) and standard flange
fittings on 154" V-11-F 51.5-ohm rigid line. The tapered
section has a characteristie impedanee of 51.5 ohms.
Correction ean be made for the possible error of 37,
in the measured VEWR of fairly flat lines produced
by the difference in line impedances. When the Type
1602-3 Admittance Meter 1 used to measure VSWR
or impedance, the effect of the difference in line
impedances can be made negligible without corrections
over the VIIF-TV band. The VSWR produced by

duced by the difference in line impedances is less than
1.02 over the VIIT-TV band.

Net Weight: Tyre ST4-Q173, 515 pounds.
Tyre ST4-QV2A, 11 pounds.

-y
]
1
2 ILINE TERMINATED
] 1 SO ONMS

TYPE a74-0us | TyPE sra-ous |
:" T aoarron
!

FREQUENCY ~ Nc

VSWR versus frequency for a pair of Tyre S74-QUA

discontinuity in the adaptor other than that pro- Adaptors,

'ype . Code Ward ) Price
874-QU3 Adaptor to U-H-F 34" 50.0 ohm Rigid Line COAXYULTRA $87.00
874-QV2A Adaptor to V-H-F 154" 51.5 ohm Rigid Line COAXYVERRA 46.00
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COAXIAL ELEMENTS

ADAPTORS TO TYPES N, BNC, C, UHF AND HN
COAXIAL SYSTEMS

Tyres ST4-QOBJ and S74-QBP Adaptors

The five types of adaptors available permit
connection of equipment using General Radio Tyree
874 Coaxial Connectors to units equipped with the
common AN types —type N, type BNC, type C,
type UHF, and type HXN. Since all of these adaptors
have a Tyre 874 connector on one end, they form a
very convenient system of interconnection between
the various AN type connectors, requiring a minimum
number of interconnecting units.

Curves of VSWR versus frequency are shown at the
right for the N, BNC and ' adaptors. No curve is
shown for the UHF-type connectors beeause they do
not have a constant impedance and introduce ap-
jn'm-iul»h- reflection in the line at higher frequencies,
I'hese curves, as indicated in the inset diagram, are
of VSWR for two Tyrr 871 terminating connectors
engaged with two Typre 874-to-AN adaptors,

g
3
H
*
é
§
g

FRIQUENCY 1N NEGACTCLES

Tupe No. Elements Used in Adaptor Code Word Price
874 -QNP Type 874 Connector and Type N Plug Connector . COAXNUTTER $4.50
874-QNJ Type 874 Connector and Type N Jack Connector . COAXNAGGER 3.75
874-QBP Type 874 Connector and Type BNC Plug Connector COAXBUNNER 4.75
874-QBJ Type 874 Connector and Type BNC Jack Connector COANBOGGER 4.75
874-QcCpP Type 874 Connector and Type C Plug Connector . COAXCUFFER 6.25
874-QCJ Type 874 Connector and Type C Jack Connector . COANCOGGER 4.75
874-QUP Type 874 Connector and Type UHF Plug Connector COAXNYUPPER 4.25
874-QUJ Type 874 Connector and Type UHF Jack Connector COAXYUNDER 4.00
874-QHP Type 874 Connector and Type HN Plug Connector. COAXHANGER 6.50
874-QHJ Type 874 Connector and Type HN Jack Connector. COANHAWSER 6.50

TYPE 874-A2 POLYETHYLENE CABLE

Bulk eable for permanent or semi-permanent
installations and for making long patch cords,
Characteristic impedance is 50 ohms =+59%. Cable
is double-shiclded and has good mechanical flexibility.
Nominal capacitance is 32 uuf per foot, Attenuution

Tupe

874-A2

*In lengths of 25 feet or over,

Polyethylene Cable.........c00uen

at 100 Me is about 2.6 db per 100 feet, and at 1000 Me
about 10.5 db per 100 feet. Consists of a No. 14
stranded inner conductor, separated from the two,
braided, tinned-copper shields by 0.244" OD Polvethy-
lene insulation, and an outer Plastex jucket 0.365" OD.

Code Word Price

$ .50 foot

COAXCUTTER $ 27 foot®

GENERAL RADIO COMPANY 137
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COAXIAL ELEMENTS

CONNECTORS

All Ty e 871 Connectors are supplied unassembled
with complete assembly instructions, No special tools
are needed.

Type 874-B Basic Connector

For use on rigid, 50-ohm, air-dielectrie, coaxial
lines. Consists of imner and outer conduetors, insulit-
ing bead, coupling nut, and retaining ring, Fits lines
mude from 5" O.D., %" LD. tubing, and 0.244"
D rod. The inner conductor is to be serewed into an
8-32 tapped hole in the end of the rod, and the
retaining ring for the coupling nut is to be snapped into

u iy deep, 0,035"-wide groove cut in the 54" tubing.

Cable Connector

Consists of the basie connector parts plus inner
and outer transition picces, a soft copper ferrule, and a
rubber guard, The transition pieces are tapered so as
to maintain the 50-ohm characteristic impedance of
the connector and eable throughout the change in
diameters. The cable inner conductor is to be soldered
to the inner transition piece, and the cable braid is
attached to the outer transition piece by crimping the
ferrule. The rubber guard prn\‘il"n-ﬁ strain reliel and 4
protective handle.

TYPE 874-C: Ior use on General Radio Typr 874-A2
polyethylene cable,

"iPIE 874-C8: I'or use on Army-Navy type RG-8, U
cable.

TYPE 874-C58: ['or use on Army-Navy types RG-29, U,
RG-55/1U, RG-38/U and RG-38A U ecables.

TYPE 874-C62: I'or use on Army-Navy types RG-62 U
and RG-549/U cables, (Note: RG-62/U has a charac-
teristic impedance of 95 ohms and RG-59,U has a
characteristic impedance of 73 ohms. Ilence the
50-ohm connector will introduee o discontinuity in the
line.)

Panel Connector — Type P

Is similar to the eable connector, except a panel
adaptor and nut are supplied in place of rubber
guard. The ]‘::uu'l adaptor fits into a 134" D hole in
punels from " to 14" thick and is designed to clamp
the connector in any desired orientation,

TYPE 874-P: Pancl termination for General Radio
Tyrw 874-A2 polyethylene cable.

TYPE 874-P8: Panel termination for Army-Navy type
RG-S/ U eable.

TYPE 874-P58: Danel {termination for Army-Navy
tvpes RG-29/U, RG-55, U, RG-58,U and RG-58A,U
cables.

TYPE 874-P62: [Iancl termination for Army-Navy
types ROG-62 17 and RG-59 U ecables. (See note
concerning characteristic impedances under Tyrr
874-0162,)

Tyrre 874-B Basic Conneetor

Tyre 874 Cable Connector

(Lefty Tyre S7T4-P Panel Connectar and, (fight) Tyre
S7T4-PB Panel Connector.,

Panel Connector — Type PB

Flange-mounted panel connector, Requires a
1" 1 hole in panel. Four number 29 holes (L1367 D)
drilled in flange, '#° center-to-center, to aceept
nuu;him- serews, Panel space requived is 1"«

TYPE 874-PB: Panel termination (flange-mounting)
for General Radio Tyrr 874-A2 polvethylene cable.
TYPE 874-PB8: Panel termination (flange mounting)
for Army-Navy type RG-8,U cable.

TYPE 874-PB58: ancl termination (flange mounting)
for Army-Navy types RG-29, U, RG-55/U, RG-38/U
and RG-58A,/U eable,

TYPE 874-PB62: PPanel termination (flange mounting)
for Army-Navy types RG-62/ 17 and RG=50/17 eables,
(See note concerning characteristic impedances under
Type 874-C62.)

Type Codr Ward Price
874-B Bosic ConRetton . sy o o4 iuiaiidis vahieina s bt da COAXBRIDGE $1.15
874-C Cable Connector for Type 874-A2 cable........ . COANCABLER 1.70
874-C8 Cable Connector for RG-8/U cable.............. COAXCORDER 1.70
874-C58 Cable Connector for RG-58/U, etc., cables....... COAXCALLER 1.70
874-C62 Cable Connectar for RG-62/U, etc., cables , . ..... COAXCANDOI 1.70
874-P Panel Connector for Type 874-A2 cable......... COAXPRGGER 2.50
874-P8 Panel Connector for RG-8/U cable.............. COANTPUTTER 2,50
874-P58 Panel Connector for RG-58/U, ete., cables. ..... i COAXPANNER 2.50
874-P62 Panel Connector for RG-GZ/U, efc., cables....... COAXPOLLER 2.50
874-PB Panel Connector for Type 874-A2 cable......... COAXAPPLER 2.50
874-PB8 Panel Connector for RG-8/U cable.............. COAXDATHER 2.50
874-PB58 | Panel Connector for RG-58/U, elc., cables. .. ... . COAXABATER 2.50
874-PB62 ' Panel Connector for RG-62/U, ete., cables. . ..... COAXBARKEL 2.50
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COAXIAL ELEMENTS

TYPE 874-X INSERTION UNIT

This unit is a hollow eylinder fitted with Tyre
874 Connectors at each end. Its cover sleeve slides
hack to allow aceess to a region inside of about 2
inches in length and %G ineh in diameter. In this
space between the Tyer 874 Connectors, almost any
arbitrary arrangement of small components, such as &
resistors, capacitors, or inductors, ean be mounted.
The insertion unit ean be used as a shiclded housing
for impedance matching networks, attenuator pads,
VHE transformers, filters, and a variety of other
networks. It offers good shiclding, minimum dis-
continuity in the line, and convenience,

Tuypre Cade Ward Price
$8.25

COAXHOPPER )

874-X

TYPE 874-Y CLIPLOCK

The Tyrr 874-Y Cliplock is a negator spring which
can be conveniently slipped over Tyri 874 connectors
alter they are engaged. Tt provides a seeure lock,
preventing accidental disconnection or slippage.

Type Code Word Pric

 874-Y

Cliplock .......| coOAXLOCKER | 10 for $1.75

TYPE 874-Z STAND T

Provides firm support for the parts of a wide
ariety  of coaxial systems, Consists of a  heavy
st-iron base with rubber feet, 22-inch and S-inch
stainless steel rods, and three universal elamps. The
vertical rod can be used to hold long tuning stubs.
The horizontal rod can be moved longitudinally or
interchanged with the vertical rod to provide support
where needed. Two bases can be used with one 22-inch
rod between them to support a long horizontal run
of coaxinl parts. Clamps will fit a range of dinmeters
and will hold between two rods of different diameters,
Any desired arrangement can be set up quickly. Base
can be serewed down to table top for permanent
setups.

Net Weight: 514 pounds.

T!H"‘-' Codde Ward Price
874-Z $15.00

| Stand......ceunen.| COAXBELPER

PATCH CORDS

A series of pateh cords, fitted with various GIR
Tyer 874 and 274 Connectors and Adaptors are
listed on pages 239 and 240 of this catalog. Flexible
single-shielded 50-ohm cable is used to make up these
units. They provide a versatile system of connections

GENERAL RADIO COMPANY

for both laboratory and production use,

The Typer 874-R20 Flexible Line listed on page
131 is suggested for applications requiring additional
shielding and very low VSWR
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STANDARD-SIGNAL GENERATORS

A standard-signal generator is an oseillator cali-
brated in both frequency and output voltage, so that
it furnishes an output signal of known frequency and
known amplitude. Such generators are used for test-
ing radio receivers, as standards of comparison for
radio field-intensity measurements, and generally, in
the laboratory for measuring gain, bandwidth, noise
level, frequency response, and other properties of
clectronie eireuits.

The elements of a standard-signal generator are
shown in Figure 1. A buffer amplifier 1s sometimes
added to reduce incidental |‘[’l'(11ll'11{'}' modulation.
The requirements for the oscillator are that it be
stable, that it have reasonably constant output over
any one frequeney range, that the waveform be good,
and that hum and noise modulution be negligible.

ADJUSTABLE
FREQUENCY
OSCILLATOR

OUTPUT

ATTENUATOR

Froune 1. Flements of a standard-signal generator,

QUTPUT SYSTEMS

The output system must be designed to produce a
known voltage at the output terminals. At frequencies
below 50 Me, resistive attenuators are commonly used,
A voltmeter indieates the voltage at the attenuator
input, which is held to a constant “ealibration” value
by manual adjustment of oseillator-output level. The
output voltage is then indieated by the voltmeter
indiecation and the attenuator getling. According to
Thévenin's theorem, the generator ean be represented
as a voltage source behind — i.e., in series with — an
impedance. This equivalent voltage is the open-circuit
voltage of the signal generator, and the equivalent
impedance is that seen looking into the system with
the terminals at which the voltage is measured short
cireuited. For low-frequency generators, the equi-
valent source impedance is usually made as low as
possible, 10 ohms or less.

At low and medium frequenecies, with a 10-0hm out-
put impedance, it 1s frequently possible to negleet the
effeet of the load on the output voltage and to assume
that the terminal voltage is the open-circuit voltage,
In any case, the correction for the load ean be de-
termined by ealeulation as indicated in Figure 2.

The effeet upon the output voltage and output
impedanee of the eable used to conneet the generator
to the load depends upon the frequeney and upon the
relative impedances of generator, cable, and load.

Itgune 2. Load voltage Iy, is ensily determined for a
lond Z; with o gend

cator of internal voltage 2, amd

internal I]liilr'll:llu'«' A

Four typical cases are shown in Figure 3, and their
charagteristies are tabulated in Figure 4,

Casge | corresponds to the Tyrr 805-C Standard-
Signal Generator when the termination unit is used,
and to the Tyre 1001-A Standard-Signal Generator
when the Tyre 1000-P1 Termination Unit and the
Tyee 1000-P2 40-Ohm Serics Unit are used.

Case IT corresponds to the I'yre 805-C without, the
termination unit and to the Tyre 1001-A with the
series unit but without the termination unit.

Case L illustrates the Type 1001-A with termina-
tion unit, but without series unit, while Case IV is
the T'yre 1001-A without either unit.

When an external load is connected, the load volt-
age will differ from the open-cireuit voltage at the
ond of the eable by an amount depending upon the
magnitude and phase of the load impedance.

At high frequencies the residunl renctance in a re-
sigtive attenuator becomes great enough to impair
its aceuracy and the mutual-inductance (waveguide-
below=cutoff) type is more satisfactory. The syvsten
used in the Tyer 1021-A Standard-Signal Generator
and whieh is illustrated in Figure 5, has the voltmete
conneeted across the output of the attenuator rather
than across the input. This system has the advantage
that the aceuracy of the output voltage at the refer-
ence point is determined by the voltmeter alone, and
is unafiected by the length of the eable from the at-
tenuator pick-up loop to-the point at which the volt-
age is measured, or by the perfection of the termina
tion at this point. The aceuracy of the effeetive output
impedance 18 determined by the resistor 18y alone be-
cauge if i immediately preceded by the voltmeter,
which ean be considered a zero-impedance souree
This makes the output system equivalent to that
shown in Case II, Figure 3. Resistor s at the at-
tenuntor pick-up loop is a matching resistanee to pre-
vent high-amplitude standing waves in the cable wher
the load is removed.

Voltages between 0.5 volt and 2 volts arve indicated
dircetly by the output meter. For voltages below 0.5
volt, the output is first set to 0.5 volt as indicated by
the meter: and the attenuator index, which is ad-

Frovre 3. Schematic diagrams of four types of generator
output system.

|€s| = I£g]
2
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SIGNAL GENERATORS

Freure 4. Summary of impedance and voltage characteristics of the four types of terminations shown in Figure 3.

The relative phase relationships of the voltages are not included, and it is assumed that Zg

justable, is set at the 0.5-volt point on the attenuator
dial. Lower voltages are then indicated directly on
the attenuator dial, so long as the load is not changed.
When the load is changed, the attenuator must be
standardized again at 0.5 volt for the new load,

For ultra-high frequencies, this svstem gives more
acceurate output indications than the more common
arrangement with the' voltmeter at the attenuator

input,
MODULATION

[nternal amplitude modulation at one or more
fixed frequencies is provided on all General Radio
Signal Generators. Provision is also made for modu-
lation over the entire audio range by an external
souree.

The Tyre 1001-A Standard Signal Generator is
capable of being modulated up to 807, the Tyre
805-C up to 1009, and the Type 1021-A up to 50%.
some frequency modulation is present in all these
signal generators. It is most noticeable in the 1021-A,
where the modulation voltage is super-imposed on the
plate voltage of the oscillator tube. The two lower-
requency signal generators use amplifiers between
the oscillator and the output circuit. They are
modulated in the amplifier stage, and their incidental
frequency modulation is low enough to be of no
consequence in most measurements,

For measurements where incidental frequency
modulation must be eliminated entirely, and also
where amplitude modulation at video irequency is
Iii'.-iil'wi. the unmodulated and attenuated ullt!rlll of
the signal generator can be modulated by the external
Tyee 1000-P6 Crystal Diode Modulator. This
modulator is a small, inexpensive unit, deseribed in
detail on page 149, It consists of a crystal diode
between input and output terminals and provides
means for applying bias and modulating voltages to
the crystal. It can be used at carrier frequencies

GENERAL RADIO

is a pure resistunce.

between 20 and 1000 mtr;’::‘u'}'t'h's and ecan ;sl'mhlr‘t}! up
to 309, amplitude modulation from 0 to 5 megacycles.
The output of the Typr 1000-P6 Crystal Diode
Modulator is limited to approximately 10 millivolts.

The Tyer 1000-P7 Balanced Modulator, deseribed
in detail on page 150, is another external modulating
unit for use with signal generators and oscillators, It
consists of two erystal diodes, a tunable section
of coaxial line between ih]nl? and output terminals,
and some associated circuits for applying bias and
modulating voltages, Tt is designed for use at earrier
frequencies from 60 to 2800 megacyeles and can
produce up to 1007 amplitude modulation from
either sine wave or pulse sources,

Froune 5. Functional diagram of the Type 1021-A out-
Put systern.

BUTTERFLY
TUMING UtaT

CABLE TERMNATION
R-2

ATTENUATOR:

CALIBRATED ATTENUATOR
. QUTPUT METER

VOLTMETER
RECTWIER

e
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SIGNAL GENERATORS

TYPE 1001-A STANDARD-SIGNAL GENERATOR

USES: The Tyrr 1001-A Stundard-Signal
Cienerator is a laboratory instrument for use
in determining the performance of receivers
and other equipment at radio and supersonic
frequencies. Its sturdy construction and sim-
plicity of operation make it suitable for pro-
duction testing. Because of its small size. low
weight, and low power consumption, it can
be adapted for use in field strength measure-
ments.

With the Tyer 1000-PG Crystal Diode
Modulator, the generator output can be
modulated at video frequencies for testing
television i-f civeuits,

DESCRIPTION: T'he welded aluminum cabinet
of the Tyre 1001-A Standard-Signal Genera-
tor houses three separate groups of cireuits.
The power supply is at the top, the completely
shielded radio-frequeney portion in the middle,
and the modulation and control cireuits at
the bottom.

The Hartley-type carrier-frequency oscilla-

tor covers in eight ranges the frequency
speetrum from 5 ke to 50 Me. The plates of
the main tuning capacitor are shaped to give
a logarithmie variation of frequency with
angular rotation. The precision of frequency
setting, therefore, is constant, and the vernier
dial is calibrated directly in percentage fre-
queney inerements,

A buller amplifier is used between the
oscillator and the low-impedance output cir-
cuits. The amplifier is grid modulated to
provide amplitude modulation from 0 to 80
percent. Loose coupling between the oscillator
and the amplifier minimizes incidental fre-
quency modulation. The attenuator system
and the output meter are coupled to the ampli-
fier through a high-pass filter, which reduces
voltages of the modulation frequency in the
output.

The output voltage is determined by estab-
lishing a fixed carrier level at the attenuator
input and by setting two attenuator controls.
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The carrier level is set by adjusting the plate
supply voltage of the oscillator and is indi-
cated by a vacuum-tube voltmeter at the
attenuator input. The attenuator system
consists of a continuously adjustable L-network
controlled by the output dial and a decade
ladder-network attenuator,

The modulation circuits include a 400-cycle
R-C oseillator for internal modulation and a
germanium  erystal rectifier to determine
modulation percentage. Percentage modula-
tion is read on the same panel meter that
indicates the carrier output level.

SIGNAL GENERATORS

FEATURES: > Output cable termination can
be removed for matching into a 50-ohm
system.

> Very low residual output and stray field.
> Aperiodic¢ output amplifier avoids sideband
cutting and minimizes reaction of attenuator
setting or load on carrier frequency.

> High stability and low drift are assured by
high-quality components, low power con-
sumption, and stabilized power supply.

> Simplicity of design and construction has
resulted in an unusually sturdy instrument of
small size, low weight, and long life.

SPECIFICATIONS

Carrier-Frequency Range: 5 kiloeyeles to 50 mega-
eycles covered in cight direct-reading ranges as follows:
5to 15 ke, 15 1o 50 ke, 50 to 130 ke, 150 to 500 ke, 0.5 to
1.5 Me, 1.5 to 5 Me, 5 to 15 Me, and 15 to 50 Me,
Frequency Calibration: Logarithmic up to 15 Me,
departing slightly from the logarithmic scale at higher
frequencies. Aceuracy, =179,

Incremental-Frequency Dial: Frequeney inerement
is 0.17 per dial division, at frequencies up to 15 Me,
Frequency Stability: Warm-up drift is of the order of
0.25%. Half the maximum drift is reached in 124 hours.
Output Voltage Range: Open-circuit output voltage
at the attenuator jack is continuously adjustable from
0.1 microvolt to 200 millivelts, With output eable tormi-
nated at both ends, output voltage is continuously adjust-
able from 0.05 microvolt to 100 millivolts, Open-cireuit
output voltage at the 2 VOLTS panel jack is measured
directly by the output meter and is 2 volts if the meter
is sot to the reference mark. This voltage is availuble up
to at least 15 Mo.

Output Impedance: Output impedance at the attenu-
ator jack is L0 ohms (50 ohims when the series unit is used)
except for the highest output position of the attenuator,
where it is 50 ohms,

Output impedance at the end of the terminated cable
is 25 ohms. Output impedange at the 2 VOLTS panel
jack is about 300 ohms,

An output impedance of one ohm (with output voltage

redueed 100:1) ean be obtained with the Typr 1000-P3
Voltage Divider, a standard (IRE) test impedance with
the Tyrs 1000-P4 Dummy Antennn, and a known indue-
tion field for testing loop receivers with the Tyee 1000-P10
Test Loop.
Accuracy of Output Voltages: At frequencies below
10 Me, when the output dial is set at about full seale or
at ahout one-tenth full seale, the output voltage is cor-
rectly indicated to (69 4+ 0.1 pv), With the output
dinl set in the mid-seale region, the error may be greater
by 49. At frequencies above 10 Me, when the output
dial is set at about full scale, the output voltage is
correctly indicated to an aceurncy of 4 (109 + 0.3 pv)
and the error may be as much as 109 larger or smaller
at other output dial settings.

The aceuraey ol the open-cireuit output voltage at the
2 VOLTS panel jack is 3% up to 15 megacycles,
Amplitude Modulation: Adjustable from zero to 80%,.
Modulation percentage is indicated on the panel meter
and is accurate within <109, of the indicated value,
with a possible additional error of 27 in modulation level.

The internal modulation frequeney is 400 eyeles 5%,

The external modulation characteristic is flat within

=1 decibel from 20 eyeles to 15 kiloeveles, To provide
80 modulation, the external audio osecillator must
supply 12 volts into a 4000-0hm load (30 milliwatts),
Incidental Frequency Modulation: At 8097 ampli-
tude modulation, the incidental frequeney modulation
varies from about 30 to 300 parts per million over each
carrier-frequency range except for the highest frequency
range (156 to 50 Me) where it may be three times as great,
At lower modulation porcentages, frequency modulution
is approximately proportional to modulation percentage.
For applications above 20 Me, where incidental

frequency modulation must be very low, the use of the
Tyre 1000-P6 Crystal Diode Modulator (page 148) is
recomimended.
Carrier Distortion: Of the order of 770 on all except
the lowest range, where it may increase to 157,
Envelope Distortion: About 69, at 807, amplitude
modulation,
Noise Level: Carrier noise level corresponds to about
0.1%, modulation.
Leakage: Stray fields at 1 Mc are substantially less than
one microvolt per meter two feet from the generator,
Terminals: Typr 874 Coaxial Terminals ure provided
for the attenuator output and for the constunt 2-volt out-
put.
Power Supply: 105 to 125 (or 210 to 250) volts, 40 to
G0 eycles, Power input iz approximately 65 watts at 115
volts.
Tubes: Supplied with the instrument,

1 — G4 1—5Y3-GT

1 — 6L6 22— VIR105

1 — GALS 1 — GBIN7-GT
Accessories Supplied: Tyre 874-R21 3-foot Coaxinl
Cable, Tyee 1000-P1 50-Ohm Termination Unit, Typre
1000-P2 40-Ohm Series Unit, Type 874-002 Adaptor,
Tyre TO-44 Adjustment Tool (stored in cabinet), Typr
274-MB Plug, spare fuses, and & power cord,
Other Accessories Available: Not supplicd but avail-
able on order are the Tyrer 1000-P3 Voltage Divider, the
Tyee 1000-P4 Standard Dummy Antenna, the Tyew
1000-P10 Test Loop, and the Tyre 1000-P6 Crystal Diode
Modulator, See pages 1458 and 1449,
Mounting: The instrument is assembled on an aluminum
panel finished in black erackle laequer and mounted in
an aluminum eabinet with a blaek wrinkle finish, The
cabinet is provided with carrving handles, A recessed
compartment is built into the top of the eabinet for stor-
ing accessories.
Dimensions: (Height) 14%§ x (width) 20)4 x (depth)
1094 ¢ inches, over-ull,
Net Weight: 54 pounds.

Tupe Code Word - __Price
1001-A | Standard-Signal Generator. . . . ... ... [ ARGUS | $695.00
PATENT NOTICE. See Notes 2, 3, 4, and 9, page vi.
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SIGNAL GENERATORS

TYPE 805-C STANDARD-SIGNAL GENERATOR

USES: The Tyre 8S05-C Standard-Signal Gen-
erator is designed primarily as a precision
laboratory instrument for rapid and accurate
testing of radio receivers. Because of its
aceuracy, wide frequency range, and high
voltage output, it is a valuable instrument for
laboratories engaged in research and design
on radio receivers and allied apparatus, while
its speed and simplicity of operation make it
well adapted to produetion testing,

It can be adapted for testing television i-f
cireuits by the use of a Tyre 1000-P6 Crystal
Diode Modulator.

DESCRIPTION: IFunctionally this instrument
consists of (1) a earrier-frequency oscillator,
(2) a tuned radio-frequency amplifier, (3) a
resistive output attenuator and a voltmeter
to read the output level, (4) a modulating
oscillator (100 eyveles and 1000 eyeles) with
a voltmeter for reading percentage modula-
tion, and (5) a well-regulated power supply.
The oscillator and amplifier assemblies are
virtually identical in construction, and the
coil switching assemblies, as well as the tuning
capacitors, are ganged and driven from com-
mon panel controls. Seven coils covering the
frequency range from 16 ke to 50 Me are
carried on a selector dise in each assembly. An
eighth coil position is also provided, so that
an extra set of coils may be installed if de-
sired. The dises are driven from a panel knob
through a gear mechanism, which also brings
into panel view a frequency range identifica-
tion dial. As each coil is rotated into posi-
tion, it is connected into circuit through siiver-

144

overlaid contact blades, which firmly engage
silver alloy brushes, mounted on the tuning
capacitor. The contacts are mounted on
polyvstyrene strips, insuring both low capaci-
tance and low dielectric losses.

The main tuning capacitors are exception-
ally rugged, utilizing the cast frame type of
construction, with ball-bearing supports for
the rotor. The plates are shaped to give a
logarithmic variation of frequency with angu-
lar rotation. The two capacitors are driven
through a set of gears, which also drive the
direct-reading frequency dial.

The output system consists of a vacuum-
tube voltmeter, a resistive attenuator net-
work, a 3-foot, 75-ohm output cable, and a
terminating unit. This unit terminates the
cable in its characteristic impedance. It pro-
vides, in addition to the normal output at
37.5 ohms, outputs reduced by factors of 10
and 100, with corresponding output im-
pedances of 7.1 and 0.75 ohms. \ standard
broadeast band dummy antenna output is
also [)l'()\'il]('(lA

FEATURES: > Output
variable up to 2 volts.

voltage ('unlinlmllsl_\'
> Amplitude modulation up to 1007%.

> Direct-reading incremental-frequency dial
with 0.019; frequency change per division.

> Simplified controls, well suited to produc-
tion-line testing by relatively unskilled per-
sonnel.

GENERAL RADIO COMPANY
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> Tuned amplifier minimizes reaction of out-
put cireuit on carrier frequency.

> Tuned eireuit is heavily damped to prevent
side-band clipping,

SIGNAL GENERATORS

> Minimum backlash in gear trains.

> Regulated power supply eliminates  the

effects of line-voltage finctuations.

SPECIFICATIONS

Carrier Frequency Range: 16 kiloeyveles to 50 megn-
eveles, covered in seven direct-reading ranges, as follows:
16 to 50 ke, H0 to 160 ke, 160 to 500 ke, 0.5 to 1.6 Me
1.6 to 5.0 Me, 5.0 to 16 Me, 16 to a0 Me, g
position 1z provided so that a speecial set of coils ean be
installed if dexired,

Frequency Calibration: Each r: sling
to an aceuracy of =19, of the indieated frequency.
Frequency Drift: Not greater than 0.1, on any
frequency range for a period of 5 hours' continous
operation.

Incremental Frequency Dial: A slow-motion vernier
drive dial is provided, by means of which frequeney
increments as small as 0,019, may be obtained.
Output Voltage Range: Continuously adjustable from
0.1 microvolt to 2 volts, The output voltage (at the termi-

ge i direet

nation of the 75-ohm output cable) is indicated by a panel
meter and seven-point multiplier.

Output System: The output impedance at the panel
jack is 75 ohuns, resistive. A 75-0hm output cable is pro-
vided, together with o termination unit that furnishes

constant output impedances of 37.5, 7.1, and 0.75 ohms.

i

The calibration of the panel voltmeter l|ri;r|l|-: com-
bination is in terms of the actual voltuge across the
37.5-ohm output. When the 7.1- and 0.75-ohm positions
g st be divided
by 10 and 100, respeetively. A standard dununy-antenna
output is also available at the tecmination unit.

Output Voltage Accuracy: [or multiplier settings
below 1 velt the maximum error in output voltage is the

are used, the indicated output volts

sum of the attenuator and voltmeter errors listed below,
Maximum Voltmeter Error: £57 of indicated reading
up to 25 megaeycles. Ahove 25 megaeyeles, an additional
frequency error oceurs, amounting to a total of LT'; at
cles. At 1o full
A transit-time ervor of —35% in the voltmeter tube,
Maximum Attenuator Error:

Below 3 Me, (3. --0.1 microvolt

3 to 10 Me, (539 40.2 microvolt)

10 to 30 Me, (107,404 microvolt

30 to 50 Me, =0157.40.8 microvalt

There is no attenuator error for the l-volt multiplier
setting.,
Modulation: Continuously variable from 0 to 1007.
The pereentage of modulation iz indicated by a panel
meter to an aceuracy of 4=10% of the meter reading up
to S0%, for earrier frequencies helow 16 Me; 157 for

le and 50 Me, there is also

a0 moegac

higher carrier fregquencies,

Type

805-C
PATENT NOTICE,

See Notes 1, 2, 3, 4, and 0, page vi.

AUDIO OSC, MOD. CONTROL MEDULATOR

EXTERNAL

GENERAL RADIO COMPANY

| Standard-Signal Generator.

R.F. 0SC. i

Internal modulation is available at 400 eyeles and 1000
eveles, aceurate in frequency within 5%,

I'he generator can be modulated by an external oscil-
Istor. Approximately 10 volts oss H00,000 ohms
required for 8077 modulation. The over-all modula

are

ion
characteristic is as follows:

(Carrier Froqueney Audio Range Level
0.5—30 Me Slle —15.000¢ +1 db
0.1—0.5 Me¢ e —10,000¢ +1.5 db

16~—100 ke A0e —1095 of Currier +=1.5 db

i"rm[llr‘m‘\‘
Frequency Modulation: On the highest carrier fre-
queney range the frequency modulation is about 0.05%,
for 10075 modulation, and 0.0297 for 307 modulation,
At lower earrier frequencies the frequeney modulation is

less than these pereentages

Abave 20 Me for applications where incidental fin must
be negligible or for wideband (video) modulation, the
Tyre 1000-P6 Crystal Diode Modulator should be used.
Distortion and Noise Level: The envelope distortion at
a modulation level of 8077 is less than 577 at 1 Me earvier
frequency. Ciurrier noise level is at least 40 db below S0
modulation
Leakage: The mugnetie induction leakage is loss than 5
microvolts per meter at 4 distance of 2 feet from the gen-
erator. The 3-foot output cable permits the reeeiver
under test to be kept bevond this limit. Radiation fields
are rt|<;_tli.u‘1'||i|'
Power Supply: The instrument operates from any 40 to
60 exvele, 113=volt (or 230-volt) line. An electronie voltage
regulator compensates for line voltage fluctuations from
105 to 125 volts (or from 210 to 230 volts), A maximum
input power of 150 watts is required.
Tubes: Supplied with instrument,

1 — 6C8-G | 013

33— 6L6 1 —O6ALS

1 —5U4-G | — 616G

2— 273 | — Amperite 3-4

| (e U
Accessories Supplied: Line connector cord, shielded
output cable and termination unit, and spare fuses.
Mounting: The panel is finished in black crackle and the
cabinet is black wrinkle finish.
Dimensions: (Height) 16 x (width) 33 x (depth) 12
inches, over-ull.

Net Weight: 11714 pounds.

Code Word Price

""" . $1495.00

LEPER

Gonged
T s Sk L——;-r
R.E AMP /
/

QUTPUT
VOLTAGE
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TYPE 1021-AU STANDARD-SIGNAL GENERATOR
(250-920 Mc)

TYPE 1021-AV STANDARD-SIGNAL GENERATOR
(50-250 M«c)

USES: The Tyre 1021-A Standard-Signal
Cienerators are as reliable and as convenient
at very high and ultra-high frequencies as
conventional Standard-Signal Generators are
at much lower frequencies. Their main use is
the determination of radio-receiver and am-
plifier characteristies in the engineering labor-
atory and in production. In addition, they
are convenient and well shielded sources of
power for v-h-f and u-h-f bridges, slotted lines,
and other measuring devices.

The simple Tyer 1000-P6 Crystal-Diode
Modulator and a souree of video signals can
be used to produce television picture modu-
lation of the signal-generator output on all
channels between 50 and 920 Me, A con-
venient source of television video signals is
a standard television receiver tuned to a
local television station.

In combination with the Tyre 1000-P7
Balanced Modulator, up to 1009 amplitude
modulation and pulsing with very low residual
level is possible.

DESCRIPTION: liach ‘I'vee 1021-A Standard-
Signal Generator isa compact and light-weight
instrument of simple, vet rugged and durable
design. For flexibility and economy, cach
signal generator is made up of two units. The
power supply, modulator, and metering sys-
tem make up one unit, the Typrr 1021-P1
Power Supply, which occupies the left-hand

side of the welded aluminum cabinet. The
right-hand side of the cabinet houses one ol
two readily interchangenble carrier-oscillator
units: The Tyer 1021-P2 U-H-I" Unit for 250
to 920 Me or the Tyrr 1021-P3 V-I1-I" Unit
for 50 to 250 Me.

As noted in the price table, additional tun-
ing units can be furnished to convert either
generator into the other.

The internal modulation frequency is 1000
cycles. Fixternal modulation is possible over
the audio-frequency range. Modulation is
continuously adjustable from 0 to 509. A
single panel meter is used to indicate either
carrier output voltage or modulation percent-
age. With the Tyee 1000-P6 Crystal Diode
Modulator, the generntor output can  be
modulated externally over a range of 0 to 5
megacyeles, with negligible incidental fre-
quency modulation,

With the Tyrr 1000-P7 Balanced Modula-
tor the generator output can be modulated by
pulses with rise-time as short as 20 millimicro-
seconds or by sinusoidal signals up to 1009
over a range of 0 to 20 Me.

The ecarrier oscillator units for the two
instruments differ only in the frequency range
covered. INach uses a butterfly cireuit as the
tuning clement and covers its range in a single
band. A mutual-inductance-type attenuator is
used, with a dial ealibrated from 0.5 pv to
0.5 volt. Voltages over 0.5 volt are read
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directly on the panel meter, The meter is
actuated by a standard silicon erystal con-
nected across the output cable. The erystal
is followed by a 50-ohm matching resistor and
an be standardized against the regulated
power supply.

FEATURES: > C(ienerator is as easy to operate
and as reliable as low-frequency types.

> Up to one volt output.

> Both output voltage and output impedance
are accurately known.

> No sliding contacts are used in tuned cir-
cuit. Worm-driven tuning element covers
frequency range smoothly in a single band,
with 1100 dial divisions.

SIGNAL GENERATORS

> Good stability and low drift are insured by
ruggedly built butterfly oscillators and regu-
lated power supply.

> Clear beat tones are produced when output
is heterodyned.

> Residual output and stray fields are below
the sensitivity of most receivers. Oscillators
are doubly shielded and all supply leads are
well filtered.

> Output terminals are Type 874 Coaxial
Connectors, and a wide variety ol accessories
is available (see pages 122 to 139).

> Unit design provides flexibility. V-IT-F and
U-H-F oscillator units are easily interchanged.

SPECIFICATIONS
Type 1021-AU U-H-F Standard-Signal Generator

Carrier Frequency Range: 250 Me to 920 Me in one
band.

Frequency Calibration: Direct reading to 17,
Output Voltage: C'ontinuously adjustable from 0.5 pv
to 1.0 volt, open-cireuit.

Qutput Impedance: 50 ohms =107,

Output Voltage Accuracy: Over-all accuraey of output
voltage is better than =209, The accuracy of output
voltmeter calibration between 0.5 volt and 1.0 volt is
better than #4109, The accuracy of the attenuator dial
calibration for voltages between 1.0 pv and 0.1 volt is
botter than 59 from 0.1 volt to 0.5 volt, better than
4109, At 920 Me, the resonanece error in the voltmeter
is +-069.

Amplitude Modulation: Adjustable, 0 to 50%. Inter-
nal, 1000 ¢ 59, External, flat within 3 db from 30 e to
15 ke. For 5077 modulation, external audio oscillator
must supply 18 volts across a 100 kilohm load.
Envelope Distortion : Less than 57 at 507, modulation.
Noise Level: Carrier noise level corresponds to about
0.29, modulation,

Incidental Frequency Modulation: For 507, ampli-
tude modulation the ineidental fm is approximately 100
parts per million for frequencies up to 400 Me and is
approximately 1000 parts per million at 920 Me, When
lower values of incidental i are required, the Typer
1000-P6  Crystal Modulator or the Tyee 1000-P7
Balanced Modulator (page 150) is recommended,

Leakage: Stray fields and residual output voltage cannot
be detected with a receiver having 2 to 3 pv sensitivity,
Terminals: Tyre 874 Coaxial Terminals are provided
for the output conneetion.
Power Supply: 115 or 230 volts, 50 to 60 eycles. Power
input is approximately 50 watts,
Tubes: Supplied with the instrument.:
1—S8ylvania Tyre RT-434 1—Amperite 6-4
1—6X5-GT 2—0C3
1—6K6-GT
Accessories Supplied:
1 Tyer S7T4-R20 3-foot Coaxial Cable (50 £2)
1 Type 874-C Coaxial Cable Connector
1 Type CAP-35 Power Cord
Other Accessories Available: Not supplied, but avail-
able on order are Tyre ST4-GTE 20 db Attenuator Pad,
Tyre S74-GG 10 db Attenuator Pad, Tyre S74-K
Coupling Capacitor, Tyee 1000-P6 Crystal Modulator,
and Tyre 1000-P7 Balanced Modulator.,
Mounting: The aluminum eabinet has a black wrinkle
finish. The left-hand side houses the Tyre 1021-P1 Power
Supply; the right-hand side houses the Tyes 1021-P2
U-H-1" Unit. Panels are black erackle-finished aluminum.
Dimensions: (Height) 143€ x (width) 204 x (depth)
109{ ¢ inches, over-all.
Net Weight: 3714 pounds.

Type 1021-AV V-H-F Standard-Signal Generator

Same as Tyre 1021-AU (above) except as noted,
Carrier Frequency Range: 50 Me to 250 Me in one
band.

Incidental Frequency Modulation: IFor 507, ampli-
tude modulation the incidental fm is approximately 100
parts per million for frequencies up to 100 Me, and is
approximately 500 parts per million at 250 Me. When
lower wvalues of incidental fm are required, the Typn

1000-P6 Crystal Modulator or the Typg 1000-P7 Bal-
anced Modulator (page 150) is recommended.
Tubes: Supplied with the instrument:

12A17 (Oscillator instead of RT-434),

Other tubes as listed nbove.
Mounting: Cabinet is same as for Type 1021-AU, above.
Generator consists of the Type 1021-P1 Power Supply
and Type 1021-P3 V-H-I" Unit.

Type Code Word Price
1021-AU U-H-F Standard-Signal Generator, 250-920 Mc EVADE $615.00
1021-AV V-H-F Standard-Signal Generator, 50-250 Mc EVENT 595.00

To cover the complete frequency range of 50 to 920 Me, an additional tuning unit can be
furnished with either generator. Tuning units are easily and quickly interchanged.

Tupe Code Word Price
1021-A Standard-Signal Generator with both oscillator
ONIE 505920 M e 27t b by et st s ismoradsiaselute EXERT $1015.00
1021-P2 U-H-F Oscillator Unit only, 250-920 Mc...... ETHIC 420.00
1021-P3 V-H-F Oscillator Unit only, 50-250 Mc....... LEVOKE 400.00

PATENT NOTICE. See Notes 3, 4, 10, page vi.
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SIGNAL GENERATORS

TYPE 1000-P SIGNAL-GENERATOR

TYPE 1000-P3 VOLTAGE DIVIDER

This voltage divider, used with the Tyee 1001-A
Standard-Signal Generator, provides a known voltage
across a one-ohm resistor, which ecan be inserted in
series with a loop antenna for testing loop receivers

[t plugs into the output jack of the signal generator
(Tyre 1001-A) and divides the indieated output volt-
age by a factor of 100,

Input Impedance: 50 ohms,

Output Impedance: | ohm.

Terminals: Tyre 874 Coaxial Connectors,
Net Weight: 314 ounces.

Tups Code Word  Priee

1000-P3 100:1 Voltage Divider' suson $17.50
PATENT NOTICE. Seo Notes 3 and 1, page vi.

TYPE 1000-P4 DUMMY ANTENNA

Conneeted to the terminated output of o standard-
signal generator of 50 2 output impedance (25 ), this
dummy antenna provides the output characteristies
s|wrili<-ni by the Institute of Radio Engincers in then
1048 “Standards on Radio Reeeivers, Methods of
Testing Amplitude-Modulation Broadeast Receivers.”
Terminals are Typre 874 Coaxial Connectors, which
fit both the signal generator output jack and the out-
put eable
Net Weight: .

Tupe Code Word Price

1000-P4 Dummy Antenna .... AHRROW $15.00
PATENT NOTICE. See Notes 3 and 4, page vi

14 ounces.

TYPE 1000-P10 TEST LOOP

With this shiclded test loop, radio receivers with
loop antennas ean be tested by the preferres « method
of the 1948 “Standards on Radio Receivers, Methods
of Testing Amplitude-Modulation  Broadeast te-
ceivers,” published by the Institute of Radio Lngi-
neers. The 3-turn loop is inclosed in copper tubing for
electrostatie shielding, Cirenit constants are chosen
to make the field strength in volts per meter, at o

Ty
1000-P10
PATENT NOTICLE, See Notes 3 and 4. page vi,

TYPE

Shielded Test Loop . ... ocvuvvivns

ACCESSORIES

1000-P10 Test lLoop,. the Ty
1000-14

View of the Tym
1000-P3 Voltage Divider, and the Tym
Standard Dummy Antenna.

distance of 19 inches from the loop, equal to one-tenth
the signal generator output in volts, with a 50 ¢
generator

Terminal: Tyre ST4 Coaxial Connector
Dimensions: (IHeight) 16'% x (width) 11%5 x (depth
319 inches.
Net Weight: 115 pounds.
Code Ward Price

ARIEAY $40.00

1000-P5 V-H-F TRANSFORMER

50 Ohms, Grounded, to 300 Ohms, Balanced

The Tyrs 1000-125 V-11-F Transformer is designed
to plug into a standard-signal generator having a
50-ohm unbalanced output and produce an equal
balanced open-cireuit  voltage behind a 300-ohm
balanced impedanee for r-f measurements of f-m and
=V receivers

The transformer is mounted in a evlindrical con-
tainer terminated at one end in n Typre 871 Coaxial
Connector and at the other in a socket designed to
receive the Alden Tyre HAY02P Connector for stand-
ard 300-ohm open parallel-wire line

J-HoF TRANSEORMER __ 00

~ TYPE 1000-P5
WL WERAL RADIO OO

Frequency Charscteristics of Tyer 1000-P5 V-H-I
I'ransformer. Shaded areas show tolerances.

s, |
”’;ﬁ'l”"% -

OPEN- CIRCUIT

300 OH TERMINATION

-"’ l
dihas s S AN,
it —-ﬁ
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Frequency Range: 50 Me to 250 Me.

Frequency Characteristic: Sce plot.

Input Impedance: Approximately 300 ohms. Designed
to work out of 50-ohm sourece.

Terminals: Input — General Radio Tyre S74 Coaxial

Tupe

1000-P5
PATENT NOTICE.

V-H-F Transformer.....
See Notes 3 and 4, page vi.

TYPE 1000-P6 CRYSTA

RYSTAL DIODE

MODULATOR

USES: The crystal diode modulitor is an absorption
modulator for amplitude modulating the output of a
radio-frequency generator over the earrier range from
20 to 1000 megaeyeles, It ean be used to modulate the
output of standard-signal generators and other oseil-
lators over a modulating-frequency range of 0 to 5
megaeyeles. It is particularly useful where wide-hand
modulation, as for television receiver testing, is re-
quired, or for radio recejver tests where incidental fm
must be negligible.

SIGNAL GENERATORS

Connector.

Output — Fits  Alden Tvype
mating connector is furnished.
Dimensions: (Length) 43¢ x (dianmeter) 74 inches.
Net Weight: 3!, ounces.

HAY02P Connector;

Code Ward Price

$27.50

| ARSON |

L DIODE MODULATOR

DESCRIPTION: The modulator consists of a erystal
diode between input and output terminals, a simple
output filter to prevent appreciable modulating volt-
age appearing in the output, and a means of isolating
and applying modulating and bias voltages. Sinee the
resistance of the erystal diode is a funetion of the
voltage across it, this resistance ean be modulated by
applying a varying voltage. Inserted between o radio-
frequency generator and its load, the unit produces
amplitude modulation by variation of load impedance.

When the modulator is used with a standard-signal
generator, the output attenuator of the generator pro-
vides sufficient isolation to prevent reaction of the
modulator on the generator frequency. With an oscil-
lator not equipped with an output attenuator, it is
recommended that a Tyer 874-GF (20 db) or a Tyre
S874-GG (10 db) Attenuator be used.

FEATURES: > When used with a standard-signal gen-
erator, the erystal diode modulator works on the out-
put side of the attenuator, so that reaction on the
oscillator frequency, and henee frequency modulation,
is practically negligible. The power required for modu-
lation is very low.

> For testing television reeeivers, a video signal, con-
veniently obtained from a standard receiver tuned
to a local station, ean be applied to the modulator.
The picture modulation can then be put on any de-
sired channel by tuning the signal generator,

SPECIFICATIONS

Carrier Frequency Range: 20 to 1000 megacyeles, The
insertion loss inereases approximately 10 db at a carrier
frequency of 10 megaeyeles due to output filter.
Modulating Frequency Range: 0 to 5 megacyeles.
Response is approximately 2 db down at 5 megaeyeles
with a gradual roll-off to prevent serious phase distortion
of video signals.

Impedance: The impedance looking into cither the
input or output terminals is a funetion of the bias and
modulating voltages. This unit was designed for use with
a 50-ohm source and a 50-ohm load. The impedance at
the modulation terminals is approximately 600 ohms.

Modulation: With no greater than 50 millivolts r-f
input, 307 amplitude modulation eun be obtained at
earrier frequencies between 20 and 1000 Me. For optinum
sine-wave modulation, an average erystal requires 1.5
volts at the bias terminal. The insertion loss under these
conditions is approximately 12 db, and approximately
0.2 volt r-m-s at the modulation terminals will produce
30%, modulation. Maximum percentage modulation is an
inverse function of earrier frequency, and at 1000 mega-

Type
1000-P6 | Crystal Diode Modulator..........
PATENT NOTICE. See Notes 3, 4, page vi.

GENERAL RADIO COMPANY

eveles is limited to about 307, Peak modulation voltage
with respeet to ground should not exceed 4 volts.
Terminals: The radio-frequency and modulating termi-
nals are provided with Tyre 874 Coaxial Connectors,
The modulation terminals will nceept either a T'yre 874
Coaxial Connector or a Type 274-M Plug.
Crystal Diode: IN21B.
Accessories Supplied: One Typre 274-MB Plug.
Other Accessories Required: Terminal adaptors, unless
generator and load are cquipped with Typr 874 Coaxial
Connectors; 1.5-volt battery for fixed bias, or a 3-volt
battery and a 10.000-ohm rheostat for adjustable bias,
Accessories Available:

Tyee ST4-GF Fixed Attenuator, 20 db

Tyre S7T4-GG  Fixed Attenuator, 10 db

Tyre 874-R20 Pateh Cord

Tyer 1000-P5 V-H-I" Transformer

(IFor deseriptions and prices, see pages 122 to 139, and

148.)
Dimensions: (Width) 5 x (height) 4 x (depth) 1}
inches, over-all.
Net Weight: | pound,

Code Word

Price

$40.00

AP'PLE
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SIGNAL GENERATORS

TYPE 1000-P7 BALANCED MODULATOR

USES: The T'yrr: 1000-P7 Balanced Modulator
is an insertion-loss modulator for amplitude
(and pulse) modulating the output of a radio-
frequency generator over the carrier-frequency
range of 60 to 2500 megacycles. The principal
uses are for pulse modulation where a high
degree of carrier suppression is desired with
good rise-time characteristies, or where full
1009 linear amplitude modulation is required
over a modulating frequency range of 0 to 20
megacyeles. Television and radar receiver
testing and tests on narrow-band systems
where incidental frequency modulation must
be negligible are a few of the applications for
which this modulator is particularly suitable.

The Balanced Modulator is particularly

useful in conjunction with the Type 1217-A
Unit Pulser for pulse-modulating the output
of the Typr 1021-AU and Typr 1021-AV
Standard-Signal Generators,
DESCRIPTION: The Balanced Modulator uses
crystal diodes in two separate signal paths
between the input and output. A coaxial
phasing line set to an odd multiple of one-hall
wave-length at the carrier frequency is inserted
in one of the signal paths. There is a simple
high-pass filter in the output circuit.

For small r-f signals the impedances of the
diodes can be controlled by varying the
applied bias. The diode shunt capacity, which
ordinarily limits the frequency range of a
diode, is neutralized in the phasing line.

Bias and balance controls are provided for
setting the operating points on the diode
characteristics. The carrier can be balanced
out, or any amount of carrier insertion can he
provided by means of these adjustments.
FEATURES: » Iligh carrier suppression for
pulse applications.
> Fast rise time.
> Linear 1009, modulation.
> 0-20 Me modulation frequency range.
> Useful up to 2500 Me.
> Low incidental frequency modulation for
testing narrow band v-h-f and u-h-f systems.

SPECIFICATIONS

Carrier-Frequency Range: 60 to 2500 megacycles.
Modulation-Frequency Range: Flat from 0 to 20
megacyeles. For pulsing, the rise-time contribution is
less than 20 millimieroseconds.

Impedance: The impedance looking into either input or
output terminals is a funetion of the bias and modulating
voltages. The source and load impedances should be
50 ohms. The impedance at the modulation input is
50 ohms =57/, It is recommended that a Tyre S7T4-GT
(20 db) or a Tyre S874-GCG (10 db) fixed attenuator be
used at the input and another at the output whenever
the attenuation can be tolerated. The attenuator at the
input is useful for isolation to minimize reaction on the
oscillator frequeney and hence frequency modulation.
The attenuator at the output provides a known source
impedance for gain and noise measurements and insures
that the proper load is presented.

Modulation: Double-sideband suppressed-carrier modu-
lation, pulse modulation with 60-db ecarrier suppression
between pulses, and 1007, amplitude modulation ean be
obtained throughout the earrier frequency range. One
volt, peak, at the modulation terminals is sufficient to
produce full r-f output from azero output initial condition.
R-F Output: A maximum output of 10 millivolts into
a 50-ohm load ecan be obtained during pulses or at
modulation peaks, with a source of 50 millivolts be-
hind 50 ohms. At this level and at lower input levels
the modulation characteristics are independent of

input voltage. However, somewhat higher input volt-
Type
1000-P7 | Balanced Modulator. ............ |

PATENT NOTICE. See Notes 3 and 4, page vi,

150

ages and, consequently, higher output voltages are
permissible if bias and balance readjustments are made
for each change in level. The r-f zource must not ex-
ceed 0.5 volt behind 50 ohms or the erystal diodes may
be damaged.

Bias Supply: Bias is supplied by a self-contained battery
consisting of readily available, inexpensive flashlight cells,
Terminals: The radio-frequency input and output
terminals and the modulation input terminals are Type
874 Coaxial Connectors. The radio-frequency input
terminal is of proper elevation to plug directly into the
output connector of the Tyre 1021-A Signal Generator.
Crystal Diodes: T'wo Tyre IN21-B.

Accessories Supplied: One Tyre 1000-P7-28 40-cm
Cable; one Tyre 1000-1’7-28-2 80-cm Cable: one Tyre
874-C' Cable Connector.

Other Accessories Required: Terminal adaptors, unless
generator and load are equipped with Type 874 Coaxial
Connectors; suitable coaxial cable for connecting modu-
lation source.

Accessories Available: Type S74-GF Fixed Attenuator,
20 db; Tyee 874-GG TFixed Attenuator, 10 db; Type
1000-P5 V-H-I" Transformer; Type S74-R20 Pateh Cord;
Tyre 874 Adaptor to types N, BCN, C, and UHF
connectors and to Tyre 274 Binding Posts,
Dimensions: (Including fully extended adjustable line
30 inches (width) x 3 inches (height) x 5 inches (depth
over-all. Net Weight: 6 pounds.

Code 7[!'ord Price

AWAKE |

Price on Request

GENERAL RADIO COMPANY
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OSCILLATORS AND GENERATORS

A source of power or test voltage is a pre-
requisite to nearly all types of measurements
— impedance, transmission, waveform, sensi-
tivity, and many others. Since 1919 the
General Radio Company has been supplying
laboratory oscillators for this purpose and has
always pioneered in new designs and circuits.

Functionally, these oscillators can be
grouped under the following classifications:

(1) Resonant-circuit (I.-C) types — the fre-
quency of oscillation is determined by
inductive and capacitive elements.

(2) Beat-frequency types — the output fre-
quency is the difference between the frequen-
cies of two oscillators, one variable and one
fixed. This type covers a wide frequency range
with a single control.

(3) R-C degenerative types — the fre-
quency is determined by a selective circuit
composed of resistive and capacitive elements
and the circuit is highly degenerated except
at the pass frequency. This type of oscillator
also covers a wide frequency range with a
single control, and alternatively can be de-
signed to produce a number of fixed fre-
quencies, as selected by a switch. Excellent
waveform can be obtained from the R-C
degenerative oscillator at low power levels.

(4) Electro-mechanical types — the fre-
quency is determined by a vibrating element.

Oscillators are often designed for specific
applications, so that emphasis in the design
must be given to a single characteristic, such
as high output power, pure waveform, fre-
quency stability, or wide frequency range.
While any one of these characteristics, or in
many cases, two, can be achieved, it is not,
in general, economical to combine all four in
a single instrument.

The General Radio Company manufac-
tures all of the functional types listed above,
and the characteristics of available models are
tabulated in convenient form on the next page.

Tuned-Circuit Types: The importance of the
tuned-L-C oscillator as an audio-frequency
source has declined in recent years, because of
the relatively expensive array of inductors and
capacitors necessary. Where only two or
three fixed frequencies are to be generated,
however, the L-C ecircuit can be used to ad-
vantage. General Radio makes two audio fre-
quency oscillators of this type. Of particular
interest is the Tyrr 1307-A Transistor Osecil-
lator, a miniature instrument designed pri-
marily for calibrating sound measuring equip-
ment. The Type 1214-A Unit Oscillator, a
conventional vacuum-tube oscillator, gen-
erates fixed frequencies of 400 and 1000 cycles

and is useful for modulating high frequency
oscillators and as a power source for bridge
measurements.

At radio frequencies where tuning can be
accomplished by air capacitors, the L-C
circuit is the best and most economical
frequency-determining  system. The Tyre
1330-A Bridge Oscillator uses tuned circuits
to cover a frequency range of 10,000 : 1. The
Types 1211-A, 1208-A, 1215-A and 1209-A
Unit Oscillators cover a wide range of fre-
quencies up through the u-h-f television
bands. The latter two of these two units use
the butterfly eircuit which varies inductance
and capacitance simultaneously, with no
sliding contacts. The butterfly eircuit is a
General Radio development.

Beat-Frequency Types: The first commereial
beat-frequency oscillator was produced by
General Radio in the middle 1920’s. As the
development of tubes and circuits has pro-
gressed, increasingly better models have been
developed, culminating in the present Tyre
1304-B, whose logarithmic scale greatly
facilitates frequency-response measurements.

The Typr 700-A delivers output frequencies
up to 5 megacycles and hence can be used in
testing wide-band systems. The Tyre 1303-A
produces two output frequencies simultane-
ously, for measurements of intermodulation
distortion in audio systems.

R-C Types: The R-C degenerative type is a
General Radio development, covered by a
basic patent under which other manufacturers
are licensed. Two models are offered, the
Type 1301-A, whose primary characteristic
is low distortion, and the TyreE 1302-A de-
signed for a wide frequency range. The former
finds its greatest use as a tone source for
distortion measurements, and the latter as a
signal source for measurements up to 100 ke.
Electro-Mechanical Types: The General Radio
Company manufactures a number of electro-
mechanical oscillators.  Quartz-crystal-con-
trolled types, for use as frequency standards,
are listed in the FREQUENCY section of this
catalog. Listed in the following section is an
audio-frequency tuning-fork, the Tyrr 723. It
is a useful source for continuous operation,
as in modulating beacon transmitters,
Miscellaneous Types: The Tyre 1390-A
Random Noise Generator delivers a continu-
ous noise spectrum, as generated by a gas-
discharge tube.

The Tyre 1217-A Unit Pulser is a compact
wave-shaping device that can be excited
either internally or from an external source up

to 100 ke.
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May beexcited externallyv. (12 fixed frequencies)

rise time

Supply

OSCILLATORS
Frequency Maximum Open-Cireuit Nominal Load Harmonie Power  See Page
Type Name Class - Range ) Outpd Volls {waluilnv{cr Distortion Supply No.
Beat-Frequeney Sk 2 20-20,000 eycles ; ¥ 600 ohms, balanced o7 gy =
1304-18 Oscillator Beat-Froquency 20,000-40,000 eyeles 1 weatt & or grounded <Y A-C Line 154
; : ’ . 600 ohms, balanced B
1301-A (I;o:.\l-ll ):2“"“0“ R-C' Degenerative (23_’:- :&23(":;‘0‘!1? alod) 8 mw 6.6 or grounded <0.1% A-C Line 158
e AEERes 100 mw 30 5000 ohms, grounded
> 40 mw 10 600 ohms, balanced
€ 1302-A Oscillator R-C Degenerative 10-100,000 cyeles 20 mw 3 300 ohms, grounded <1% A-C Line 160
§. SO0 mw 20 5000 ohms, grounded
E (1) 20-20,000 cyeles
% (2) 20,000-40,000 cyeles
- ana.a  Two-Signal Audio . . (3) Two signals sep- Normal—10 mw 5 <0.2% S
2 1308-A (3 anerator Beai-Fraquenty arately adjustable High—1 watt 5 800 ehms; grountied <1% A<C Line 153
] (4) Two signals with a
..g fixed difference
2 : R L 400, 1000 eyeles . 8000 ohms, grounded N :
1214-A  Unit Oscillator Tuned Cirenit (2 fixed froquencies) 200 mw SO oF RiroRnced <3% A-C Line 164
_ . Transistor 1 T 400, 1000 eyeles P N o7 Mereury s
1307-A Oaoilfinot: Tuned Circuit (2 fixed froquencies) 6  mw >2 600 ohms <5% Cells 153
723 Vacuum-Tube Fork  Electro-Mechanical ?meog‘d:’:l:;o cycles 50 mw 31 max. 50, 500, 5000 ohms <0.5% A-C Line 164
Wide-Range Beat- ’ . 50 eveles—i10 ke = ‘ p .
T00-A Frequency Oscillator Beat-Frequency S0 et WEs 0.1  watt 10-15 3500-0hm pot. <3% A-C Line 156
i a b 0.5-5 Me 2 w & Unit Power
211~ - i b:
1211-A  Unit Oseillator Tuned Circuit 5-50 Me 200 mw 50 ohms Stpply 165
23 y . —_— 400 eyeles, 1000 eycles 0.75 watt 12 50 ohms aty
1330-A  Bridge Oscillator Tuned Circuit 5 ke—50 Mo 1 watt 10 20-80 ohms <3% A-C Line 166
1200-A Unit Oseillator Butterfly Tuned Cireuit - 250-920 Me 00 mw 50 ohms LoEraR e
1215-A  Unit Oseillator Semi-Butterfly 50-250 Me S0 mw 50 ohms g:::)l]: OWer 188
1205-A  Unit Oseillator Tuned Circuit 65-500 Me 100 mw 50 ohms !Jnit P_owm' 168
Supply
_— 30 eycles—20 ke ; o
— g 13907 - i Gas Discharge 30 cyeles—500 ke i Gaoise  A-ClLine 171
23 30 cyeles—5 Me grogRse Uit
o
& é R-C Internal oscillator. 30 ¢—100 ke Flat-top Pulse 17, ... pooer
1217-A Unit Pulser 4 20 max. 0.05 psec 172
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OSCILLATORS

TYPE 1307 -A TRANSISTOR OSCILLATOR

\
| rRtovencY
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JSES: The Tyre 1307-A Transistor Oscillator tor. The oscillator uses the Ilartley circuit.
is & convenient battery-operated source for  The inductor of the tuned ecircuit contains an
the Typrr 1552-A Sound-Level Calibrator (see  additional winding for supplying the output
page 15). Because it is so easy to carry and load, and a rectifier-type voltmeter is con-
use at any location, it is also useful in con- neeted across this winding to indicate the
tinuity checks of audio systems, in setting voltage at the output terminals.

operating levels, in checking the sensitivity
U} oscillographs, and in making other prelimi- FEATURES:

nary calibrations of electronic systems. In > Small and compact; easily carried in
addition, it is a convenient power source for pocket.

bridge measurements at 400 and 1000 eyveles. > Battery operated.

DESCRIPTION: The Tyrr 1307-A Transistor > Meter indicates output voltage.
Oscillator uses a P-N-P junction-type transis- > Fits Tyee 1535-P1 carrying case.

SPECIFICATIONS

Frequency: 400 and 1000 cyveles aceurate to #4397 at 2
volts output into n G00-ahm resistive load, The flm;lj‘i'lu',\'
decrenses ~||.'.',|11|\ \\H|‘| inerease in 1|ll1i|l1[ 1L‘\'r'|. A re-
active load will shift the frequency, since the load is
coupled directly into the tuned cireuit,

OQutput: Adjustable. Maximum output is at least 2 volts
ueross GO0-ohim load,

Distortion: Less than 3% at 2 volts across 600-ohm
load.

Voltmeter: 3 volts full seale, ealibrated direetly in volts
1t the output terminals,

Output Circuit: The output cable is terminated in a
274-MDB double plug. No connection is made to the ease,
Batteries: T'hree mercury A batteries (Mallory RM-1 or
cquivalent) are supplied.

Transistor: One P-N-P junection transistor (Rayvtheon
I'ype 721 or equivalent) is supplied.

Case: Aluminum, bluck finish, Dimensions: 6 x 35§ x 214 inches, over-all but excluding
Carrying Case: A leather case with straps is available, output cable,
Tyre 1555-P1. Net Weight: 1 pound, 14 ounces, with batteries,
Ty T - B (,l)rh Ward Price
1307 -A Transistor Oscillator . ..., ........... ' OMEGA Price on Request
1555-P1 Leather Carrying Case. ... ........... CASER \ $10.00
GENERAL RADIO COMPANY 153
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OSCILLATORS
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TYPE 1304-B BEAT-FREQUENCY OSCILLATOR

USES: This is a general-purpose beat-fre-
quency oscillator that is particularly useful as
a power source for tests on audio-frequency
lines and associated networks. It is also useful
as a voltage source for bridge measurements,
for modulating signal generators and test oscil-
lators, and for supersonic tests up to 40,000
cycles. Because the frequency scale is loga-
rithmie from 20 ¢ to 20 ke, the Tyrr 1304-1B
Oscillator can be used in conjunction with a
recorder to plot frequency charvacteristies
directly.

DESCRIPTION: The Tyrr 1304-B Beat I're-
quency Oseillator has a number of unusual
design features that contribute to improved
performance and ease of operation. Two radio-
frequency oscillators, one fixed and one vari-
able, feed a pentagrid converter through
buffer amplifiers. The resulting difference fre-
quency, after passing through a low-pass filter,
is amplified in a degenerative amplifier. The
output stage of this amplifier is the recently
developed low-distortion, single-ended, push-
pull circuit.®

The oscillator output level is eontinuously
adjustable, and the output can be connected
for either balanced or unbalanced use. The
unbulanced output eircuit contains o three-
step attenuator. The output voltmeter is cali-
brated in dbm and open-cireuit output volts.

The output voltmeter is used to standardize
*A. P. G, Peterson and 1D, B, Sinelair, A Single-Ended Push-

Pull Audio Amplifier," Proc. LIE., vol, 40, pp. 7-11; January,

1952,
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the frequency calibration of the oscillator
when the output frequency is set to either
the power-line frequency or to zero beat.

The frequency dial carries a logarithmic
frequency scale for the range 20 ¢ to 20 ke,
and it is driven by a slow-motion gear-reduc-
tion drive, essentially free from hacklash. A
cycles-inerement dial provides a means of
varving the frequency over a range of =50
cycles at any setting of the main dial.

I'or permanent or relay-rack installation,
output terminals are provided at the rear of
the instrument, through standard multipoint
connectors. The panel output terminals are
Tyrr 938 binding posts on #{-inch spacing.

FEATURES: > The outpuf voltage of this oscil-
lator is essentially constant over the entire
20-¢ to 20-ke range, and over most of the
20-ke to 40-ke range.

> The output voltmeter facilitates precise
adjustment of the output to the desired level.
> Frequency coverage from 20 ¢ to 40 ke.

> A high degree of stability, in output voltage
as well as frequency, is obtained by the use
of highly stable elements in the oscillator
circuits and stabilization of the power supply.
> Very low hum level.

> lixcellent waveform is achieved by means of
careful oscillator cireuit design in conjunction
with degeneration in the audio amplifier.

> Small size and light weight make the oseil-
lator conveniently portable and contribute
greatly to its general utility.

GENERAL RADIO COMPANY
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OSCILLATORS

SPECIFICATIONS

Frequency Range: 20 to 40,000 ecycles in two ranges.

Frequency Controls: The main control is engraved
from 20 to 20,000 eycles per second and has a true
ogarithmice frequency scale. The total scale length is
approximately 12 inches. The effective angle of rotation
s 240°,
ange, throwing a panel switeh adds 20 ke to the scale

or 80° per decade of frequency. For the higher

frequency. The frequeney mmerement dial is ealibrated
rom 50 to 50 eyeles,
Frequency Calibration: The calibrution of the fre-
quency control dial ean be relied upon within (19 +
0.5 eyele) after the oscillator has been correetly set to
the line frequeney or to zero beat. The 20 ke added by
the range switeh is accurate within 20.59. The ac-
curacy of ecalibration of the frequency-inerement dial
is =1 cyele.
Zero-Beat Indicator: The output voltmeter is used to
indicate zero beat.
Frequency Stability: The drift from a cold start is less
than 7 eveles in the first hour and is essentially completed
within two hours.
Output Attenuator: The output attenuator is for use
only with single-ended output. It has three steps of
20 db each, with an aceuracy of 419 of the nominal
attenuation,
Output Control: FFor each step of the attenuator the
out put \'nitns:-' can bu varied continuously from zero to
the maximum voltage.
Output Voltage: Full-scale, open-circuit output volt-
wes of 50 millivolts, 500 millivolts, 5 volts, and 50 volts
are provided. For a 600-ohm resistive load the variation
of output voltage with frequencey is as follows:
NORMAL Range: Between 20 and 20,000 eyceles the
output voltage varies less than +0.25 dh.,

ADD 20 KC Range: Between 20 and 30 ke the output

Ty

| 40

cuit

voltage varies less than 0.5 db. Between 30 ¢

ke the variation is less than =1 db. For open-¢
operation the output voltage rises considerably at the
3!‘1-,.{}11'(' I-l'rqnn-nv‘ln'\.
Output Voltmeter: Calibrated in volts output at open
circuit, and in dbm. Above 109% of full scale the cali-
bration is aceurate within 5% of the reading.
Output Impedance: 600 ohms, resistive, within 429,
With zero attenuation setting of the output attenuator,
the output i
grounded. With one side of the output grounded, the

wy be used either balanced or with one side

attenuator may be used throughout its entire range,
OQutput Power: | watt maximum into a 600-ohin resis-
tive load.

Harmonic Distortion: The total harmmonie content is
less than 0.25%; from 100 to 10,000 eyveles. Below 100
eyeles the harmonie content inereuses and may reach
0.5% at 50 cveles. Above 10,000 eyveles the harmonie
content is less than 17,

A-C Hum: Less than 0.19 of the output voltage for
output voltmeter readings above 109 of full scale.
Terminals: Tyrr 938 Binding Posts and standard
Western Eleetrie double output jack on panel; a standard
four-terminal socket at the rear.

Mounting: 19-inch relay rack panel. Aluminum cabinet
with removable aluminum end pieces.

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to

60 eveles. Power consumption is about 100 watts,

Tubes: 2 GSL7-GT 1 GSAT
- GAUS-GT 12017
& oD3 | aV4-G

Accessories Supplied: Power cord, four-terminal plug
and spare fuses.

Dimensions: 10%¢x 15!
Net Weight: 39 pounds.

+ x 7Y inches, over-all.

Code Word i

1304-B Beat-Frequency Oscillator. . . . . ... .. ‘ 555.00

PATENT NOTICE. See Notes 1, 2, 15, page vi,

CAROL

OTHER BEAT-FREQUENCY OSCILLATORS
Other types of beat-frequency oscillators are deseribed on pages 156 and 212, Tyee
700-A (page 156), with an upper frequency limit of 5 Me, is designed for wide-band
measwrements. Type 1107-A (page 212) has a linear scale from 0 to 5000 cyeles, and is
used as an interpolation device in [requency measurements. Tyee 1303-A (page 162)
is designed particularly for intermodulation distortion tests.

FIAED GSCRLAM
s casne ool AT TENOATOR

Low-Mm3S
rrer

ELEMENTARY SCHEMATIC DIAGRAM

VARIABLE OSCRLLATOR
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OSCILLATORS
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GENESAL RADIO GO
Camtmel WAL B

TYPE 700-A WIDE-RANGE BEAT-FREQUENCY
OSCILLATOR

USES: This oscillator is usetul for taking selec-
tivity curves on tuned circuits over a wide
range of frequencies, for measuring the trans-
mission characteristies of filters, and for test-
ing  wide-hand systems such as television
amplifiers and coaxial cables. The instru-
ment is also an excellent general laboratory
oscillator for use as a source for bridge
measurements  and  ax a  modulator for
standard-signal generators.

DESCRIPTION: Two high-frequency oseil-
lators, one fixed and the other variable, feed
a detector from which the difference fre-
queney is obtained. The detector is followed
by a low-pass filter and a two-stage wide-band
amplifier,

Both oscillator eciveuits are mounted in a
heavy, cast-aluminum, divided box to assure
uniform heat distribution and good shielding.
T'wo ranges are provided for by changing the
frequencies of both the oscillators by a factor
of one hundred. A single switeh on the panel
changes from one range to the other,

Degeneration is employed in the amplifier
to minimize hum and distortion, and to
equalize the frequency response. Low-piss
filters are provided to maintain o high ratio
of desired output voltage to heating voltage
A pentagrid mixer tube and a bulfer ampli-
fier are used to isolate the two oscillators
electrically.

FEATURES: » Covers a wide range of fre-
quencies with single direct-reading control
dial.

> The frequency variation with dial setting
is approximately logarithmie.

> An ineremental frequency  control, also
direet reading, can be used to make small
variations in frequeney at any point.

> A low-frequency range has been incor-
porated into the oscillator for ¢convenience in
working at audio frequencies.

> A high degree of output voltage stability is
obtained by a delayed automatic volume
control circuit, which also helps to eliminate
variations caused by line voltage fluctuations.

SPECIFICATIONS

Frequency Range: Two ranges are provided: 50 cycles
to 40 kiloeyeles, and 10 kiloeyeles 1o 5 megaeyeles.

Frequency Control: The main dial is direet reading in
frequency and earries two approximately logarithiie
frequeney scales covering the ranges specified above. A
frequency range switeh is provided for rapidly changing

from one range to the other, There is also an ineremental
frequency control which is ealibrated between —100 and
<+ 100 eveles on the low range and —10 and 410 kilo-
eyveles on the high range. Any frequeney change made
with this control adds algebraically to the frequency of
the main control.

156 GENERAL RADIO COMPANY
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Frequency Calibration: The ealibration muay be stand-
ardized at any time by setting the instrument to zero
beat with the zero adjustment control. This adjustment
ean be made within 5 eyeles on the low range or 2 kilo-
cycles on the high range,

After the oseillator has been correctly set to zero beat,
the calibration of the main frequeney-control dial ean be
relied upon within (27 4+ 5 eveles) on the low range
and =277 4+ 2 kiloeyeles) on the high range. The
calibration of the incremental frequency dial is within
+5 cveles or =500 eycles on the low and high ranges,
respectively.

Frequency Stability: Through careful design adequate
thermal distribution and wventilation are provided for
minimizing frequency  drifts. The oscillator can  be
aceurately  reset to zero beat at any time, thereby
eliminating errors caused by any small remaining fre-
queney drift.

Output Impedance: The output is taken from a 3500-
ohm Ayrton-Perry-wound potentiometer. One output
terminal is grounded.

Output Voltage: The maximum open-cireuit output
voltage of the oscillator is greater than 10 volis, Because
of the automatic volume control eireuit, this voltage
remains constant within 1.5 decibels over each entire
frequency range.

Waveform: The total harmonic content of the open-
cirenit voltuge is less than 497 for frequencies above 300
eveles on the low range.

A-C Hum: When the oseillator is operated at any supply
frequency from 40 1o 60 eycles, the power-supply ripple
is less thun 19 of the output voltage on either range.,

Type

OSCILLATORS

Voltmeter: A vacuum-tube voltmeter cireuit is used in
the oseillator for measuring the output voltage. The indi-
cating meter on the panel is ealibrated directly in volts at
the output terminals.
Controls: In addition to the main frequency-control dial
and the incremental frequency dial, there is a frequeney
range switch, and a zero beat adjustment. The output
voltage is varied by a potentiometer control provided near
the output terminals.
Terminals: The output terminals are jack-top binding
posts with standard ?4-inch spacing, The lower terminal
is grounded to the panel and shields.
Mounting: The instrument is normally supplied for
table mounting, but can be easily adapted for relay-rack
mounting by removing two walnut frames at the ends of
the panel.
Power Supply: A-C power supply, 105 to 125 volts, 40
to 60 eycles, is used. A simple change in the connections
to the power transformer allows the instrument to be
used on 210 to 250 volts,
The total power consumption is approximately 85

watts.
Tubes: The following tubes are used:

2—=iJa-GT/G 2 —25L6-GT

1 —6J7 1—6116

1—6L7 1—5U4-G

1 =Tyre 2LAG-949
All tubes are supplied.

Accessories Supplied: Power cord, spure neon lap,
spare fuses, and one Type 274-ND Shielded Plug.
Dimensions: (Width) 1944 x (height) 11 inchesx (depth)
13 Y inches,
Net Weight: 571, pounds,

Code Waord Price

700-A
PATENT NOTICE. See Notw 2, page vi,

| Wide-Range Beat-Frequency Oscillator |

ORGAN | $750.00

TYPE 700-P1 VOLTAGE DIVIDER

The Typr 700-P1 Voltage Divider extends
the readable range of the output voltmeter-
potentiometer combination of the Typr 700
Oseillator down to 100 microvolts. It is also
recommended for use with the Tyre 1390-A
Random-Noise Generator to obtain low out-
put levels. The voltage divider consists of a
ladder-type resistive network, mounted in a
metal container, which is connected to the
oscillator output by means of a shielded plug
and cable. Multiplying factors of 0.1, 0.01,
0.001, and 0.0001 can be selected.

Measurements  on  high-gain, wideband
systems are possible because the frequency
characteristic of the divider is flat within
109, for all settings at frequencies up to 5
megacycles.

VOLTAGE DIVIDER
Tt .—

GENERAL RADIW CO 4
preem et r T

SPECIFICATIONS

Accuracy: The accuracy of attenuation at low frequen-
cies is £=3%.
Impedance: The input impedance is 2000 oluns; the

Type

700-P1

GENERAL RADIO COMPANY

|VoltugeDivider....................|

outrput impedance is 200 oluns.
Dimensions: (Height) 414 x (diameter) 4% inches.
Net Weight: 114 pounds.

Code Word Price

$50.00

OTTER I
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OSCILLATORS
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TYPE 1301-A LOW-DISTORTION OSCILLATOR

USES: The Tyee 1301-A Oscillator was de-
signed particularly for use as a tone source
for distortion measurements and as a power
source for bridge measurements at audio fre-
quencies. It is also satisfactory for use as a
general-purpose laboratory oscillator.

The output frequencies include those rec-
ommended by the FCC for distortion meas-
wrements on  broadeast transmitters. This
oscillator is thus ideal for use with the Tyen
1932-A Distortion and Noise Meter for rapid
distortion measurements.

The unusnally pure waveform delivered hy
this oscillator at low [requencies makes dis-
tortion measurements possible at low fre-
quencies.

DESCRIPTION: The oscillator is of the resist-
ance-capacitance type and uses an inverse
feedback circuit developed by the General
Radio Company. Separate feedback networks
gontrol the frequency and amplitude inde-
pendently, thus providing high stability and
low distortion,

The degenerative feedbuck which controls
the frequency iz obtained by means of a
parallel-T network including mieca capacitors
and wire-wound resistors. The regenerative

SPECIFIC

Frequency Range: 27 fixed lrequencies between 20 and
15,000 eyeles.

Frequency Control: The frequency is controlled by
two push-button switches, The first provides frequencies
of 20, 25, 30, 40, 50, 60, 75, 100, and 150 eyeles, while the
second multiplies these frequencies by 1, 10, and 100, The

158

network includes an antomatie control system
whereby a high degree of stability is obtained
together with low harmonie distortion, with-
out requiring any manual feedback adjust-
ments.

The desired {requency is selected by push-
button switches, Another push-button switeh
selects the output impedance. A control is
provided for adjusting the output voltage.

FEATURES: > Very low distortion,

> A high degree of frequency stability. The
frequency stability makes this  oscillator
particularly adaptable for use with distortion
meters employing R-C null networks.

> Instant selection of any one of 27 fre-
quencies from 20 to 15,000 eycles by push-
button control.

> Any other desired frequency within the
normal range can be obtained by the use of
plug-in resistors.

> An internal range-extension unit, the Typw
1301-P1, is available which plugs into the
oscillator and provides a multiplying factor
of 0.1 for all frequencies. The frequency range
is thus extended downward by a full decade
to cover from 2 to 15 cycles.

ATIONS

frequencies included cover practically the entire audibl
range in approximately logarithmie increments.

The Tyre 1301-P1 Range lixtension Unit is available
to provide a multiplying factor of (0.1 (see price list on
next page). This range extension unit plugs direetly into
jacks provided inside the oscillator.

GENERAL RADIO COMPANY
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Frequency Calibration: Each instrument is adjusted
within (1149 + 0.1 cvele).
Frequency Stability: The internal voltage regulator
eliminates frequency changes resulting from changes in
plate supply. Changes in load have no effect upon the
frequency. The (requency drift is not greater than 0.029;
per hour after the first 10 minutes of operation.
Qutput Impedance: Three output cireuits are provided.
Seleetion among them is obtained by means of a push-
button switeh on the panel. The output impedances are
as follows

1. 600-0ohun balanced to ground.
G00-ohm unbalaneed.

3. 3000-ohm unbalanced.

The volume control is a potentiometer in the 5000-ohin
cireuit. The actual output impedance of the 3000-0hin
cirenit will vary between 1000 and 6000 ohms, depending
upon the setting of the volume control. Suitable resistance
pads keep the impedanece of the 600-ohm output eirenit
exssentially constant, regardless of the wvolume control
setting, The 600-phun balanced output ecireuit is balanced
at all frequencies when operating into a balanced load of
any impedance,

Qutput Power: 18 milliwatts into 600-0hm load, or 6.6
volts open circuit; 100 milliwatts into 5000-nhmn load, or
30 volts open cireuit. The output voltage, for either im-
pedance position, will remain constant within =41 db
throughout the frequency range.
Waveform Distortion:
5000-ohm output:— Not more than 0.1 between
10 and 7500 exeles,
Not mare than 0.15%- nt other
frequencies.
600-ohm output: —Not more than 0,19 hetween
S0 and 7500 eveles.
Not more than 0.25% between
20 and 50 exeles.

Not more than 0.15% above

7500 eveles

When the range extension unit is used, distortion will be

less than 197 for the added range.

1301-A

FRI-412 Aluminum End Frames. . .
PATENT NOTIOE. See Not

tes 2, U, page vi.

—~~———Dégeneration Path

|
FREQUENCY— |~

Regeneralion

Confrol Tube
Controlled—>"

Rageneralion

[ rfer frfrgto i |
I Kegulated
Plate |

GENERAL

Low—Distorﬁon Oscillator. . .
1301-P1 ‘ Range Extension Unit (2 to 15 c.p.s.)

OSCILLATORS

Temperature and Humidity Effects: The operation
of the instrument is 2ubstantially independent of elimaric
changes in temperature and humidity, Under extremely
high temperature and hwmnidity the two highest fre-
QUENeies may

be affected somewhat during the warme-up
period of the instrument.

Power Supply: 105 to 125 (or 210 to 250) volts, 25 to 60
eyeles ae. The total power consumption is approximately
45 watts. Specify line frequency when ordering.

Tubes:

| —6Y 6~
I—687
1-—68K7
16807
1—NE-17
I—OXS-0°1
1—6B4-(;
|—6SL7-GT
1—0123

Terminals: Jack-top hinding posts with stundard 34-inch
spacing and standard Western Eleotrie double output
jack are provided on the panel. A ground terminal is also
provided, A standard multipoint  connector  provides
taplicate output terminals on the rear of the instrument
for relay-rack installation. These terminals are ris-
connected when a plug is inserted in the Western Electrice-
tape panel jack.

Accessories Supplied: Power rord, multipoint connector
and spare fuses,

Mounting: The instrument is relay-rack mounted. Iind
frames are available to adapt the instrument for table
mounting, (See price list below.)

Panel Finishes: Standard General Radio black erackle.
Certain standard finishes which can be processed in quan-
tity can be supplied at extra cost.

Dimensions: Panel (length) 19 x (height) 7 inches
depth hehind panel, 12 ineches.

Net Weight: 31'4 pounds

Code Ward i

 OZONE $495.00
80.00

OVATE
ENDFRAMDIG 10.00 Pair

OUfPU.T

Outpul SELEGTOR =

Conlrol
6000
QUTPUT

—— ffogonera!ion

Amplifier

Daloy Bios
Volfage
Regulotor - SJ~
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OSCILLATORS

TYPE 1302-A OSCILLATOR

USES: The Tyrr 1302-A Oscillator is a con-
venient source of power for bridges and other
networks, especially where the frequency range
needed extends bevond the normal limit of
audio oscillators into the supersonic range.
It is particularly recommended for use with
the Typrr T16-C Capacitance Bridge. The
entire audio spectrum is covered down to 10
cveles, and the upper frequeney limit of 100,000
eveles extends far enough into the radio-
frequency range to overlap the low end of r-f
generators. The oscillator ean be used on
either balanced or unbalanced systems.

DESCRIPTION: This instrument is a resistance-
tuned oscillator employing an inverse feed-
back circuit. The frequency-determining net-
work is a Wien bridge, in which the capacitive
elements are controlled by the main frequency
dial, and two resistive elements are selected by
a range switch.

The amplitude of oscillation is held con-
stant by using a second bridge section, one
arm of which is a non-linear resistance. A
buffer amplifier is inserted ahead of the output

level control to minimize reaction on the
oscillator frequency.

The output amplifier is arranged to provide
balanced-to-ground output for 600-ohm loads
as well as unbalanced output for 300- o
5000-0hm loads. The cireuit design is such that
considerable variations in load values from
these nominal outputs can be tolerated with-
out appreciably inereasing the distortion.

FEATURES: > Wide frequency range, extend-
ing from 10 eyeles to 100,000 cycles.

> I'requency multiplier is arranged in con-
venient decade steps.

> Excellent frequency stubility is obtained by
means of the bridge-type feedback circuits.
> [Marmonic distortion has been kept low.

> A\ semi-logarithmie scale eliminates crowd-
ing at the low-frequency end and still allows
the high frequencies to he set with the same
precision as the low frequencies.

> Voltage regulation in the power supply
removes effects of line-voltage transients and
allows the instrument to operate from a wids
range of supply voltages,

SPECIFICATIONS

Frequency Range: 10 to 100,000 eyveles, in four ranges.
Each range covers a deecade (10-100 eyeles, 100-1000
eveles, 1000-10,000 eyeles, and 10,000-100,000 eycles)
continuously variable,

Frequency Control: The main control dial is engraved
from 10 to 100 eycles over a seale length of approximately
834 inches. Four multiplier switehes multiply the seale
frequencies by 1, 10, 100, or 1000,

160 GENERAL RADIO COMPANY
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Frequency Calibration: Each instrument is adjusted
within #=(1149% + 0.2 eyele).

Frequency Stability: The warm-up drift is less than
19/ in the first ten minutes and is less than 0,29 during
the next hour,

Output Impedance; Two output cireuits are provided,
balaneed 600 ohims and unbalanced 5000 olims.

The internal impedance of the 600-0hm output is con-
stant at 350 ohms unless the LOW output terminal is
connected to ground by means of the strap provided on
the panel, The output impedance is then halved and the
output is unbalanced to ground.

The 5000-ohtn output position is intended for 5000-
ohm loads, unbalanced to ground. although the effective
internal impedanee of the oscillator averages about 400
olims in this position,

Output Voltage: Approximately 20 volts open circuit
on 5000-0hm output, and 10 velts open circuit on 6G00O-
ohm output. The output voltage is constant within
1.0 db over the entire frequency range.,

Output Power: A maximum power output of 80 milli-
watt= can be obtained into an unbalanced 5000-ohm load.
A maximum of 40 milliwatts ean be obtained into a
balanced-to-ground 600-ohm load (20 milliwatis into an
unbalanced 300-0hm load).

Waveform: Harmonic content is less than 19 for all
output values and at all frequenecies within its range,
for 5000-ohm output. It is less than 0.5% for 600-0hm
output.

A-C Hum: 5000 2 output, 24 millivolts, maximum.
GO0 2 output, 12 millivolts, maximum.

Terminals: Jack-top binding posts with standard 34-
ineh spacing. The separate ground terminal has a strap
which ean be used to ground the LOW output terminal,
Output is also available at a multi-point connector at the
rear of the instrument. A mating connector is supplied.
Mounting: The instrument is normally supplied for
relav-rack mounting, but can be easily adapted for table
mounting by the wddition of two frames at the ends of
the panel (see price list below).

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
60 eyveles.

Totul power consumption is about 90 watts,

Tubes: The following tubes are used and are all supplied
with the instrument,
LN I—6V6-GT
1—6Ja-G'T
1—5V4-(3

2—GRL7

2—6GB4-Cy
I—6AKG

OSCILLATORS

A dieleetrie mensurement assembly  using the Tyry

1302-A Oscillator as the generator. The other instruments

in the assembly are the Type 1231-BRIFA Amplifier and

Null Detector, the Type 716-C Capacitance Bridge, and
the Tyer 1690-A Diclectric Sample Holder.

Accessories Supplied: A line conmector cord, Tym
274-N1) Shielded Plug, spare fuses and multipoint con-
nector.

Dimensions: Panel, (width) 19 x (height) 7 inches:
depth belind panel, 12 inches.

Net Weight: 30 pounds.

(ode Ward Price

1—6I6-G'T 1—0D3
e -
1302-A | Oscillator. .. ...oviveonnns

FRI-412 Aluminum End Frames

PATENT NOTICE. Sce Notes 1, 2, 9, page vi.
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OSCILLATORS
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TYPE 1303-A TWO-SIGNAL AUDIO GENERATOR

USES: The Tyre 1303-A Two-Signal Audio
Generator is designed primarily as a con-
venient test-signal source for intermodulation
distortion measurements. It is suitable for
use in measurements by all three of the usual
non=linear distortion measurement methods.
These are:

(1) The harmoniec method.

(2) The intermodulation method using a
strong low-frequency tone and a weaker high-
frequency tone (standardized by the SNIPTE),

(3) The intermodulation method. some-
times called o double-tone test, using two
tones of equal intensity (recommended by
the CCII").

The Tyer 736-A Wave Analvzer is recom-
mended as a detector for these distortion
tests.

The Two-Signal Audio Generator is also
useful as a general purpose andio-frequency
source for tests on audio-frequency lines,
networks, and amplifiers; for modulating
si;{ll:ll generators and test oseillators; and as
a voltage source for acoustic tests, recording
tests, and bridge measurements,

DESCRIPTION: The Typr 1303-A Two-Signal
Audio Generator utilizes a beat-frequency
system to provide the various signals available
at the output. Three radio-frequency oscilla-
tors are included, one fixed and the other

two adjustable. When a signal output of a
single-frequency tone is desired, the fixed and
one of the adjustable oseillators feed a penta-
gridd converter. The resulting diflerence fre-
quency, after passing through a low-pass
filter, is amplified in a degenerative amplifier.
When a signal output of two tones is desired,
the third oscillator and one of the other two
oscillators feed an additional pentagrid con-
verter. The resulting difference frequency.
alter filtering, 18 added to the output of the
first  pentagrid converter. This  combined
signul is amplified in o degenerative amplifier,

The ontput level is adjustable by an output-
level control and a “T-pad attenuator. This
level is indicated by a voltmeter calibrated
in voltage and in decibels with respeet to
an output of one milliwatt into a 600-ohm
load. Following the voltmeter is a six-position
6G00-ohm attenuator also calibrated in deci-
bels.

For bench use the signal generator is sup-
plied with end supports that can be removed
to permit permanent installation of the in-
strument in a standard 19-inch relay rack.

FEATURES: > Can be used as a single-fre-
quency beat-frequency oscillator from 20 to
40.000 eycles.

> Supplies combinations of two frequencies
for intermodulation distortion tests.

162 GENERAL RADIO COMPANY
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» The ratio of the voltages of the two fre-
quencies is adjustable.

> The constant-difference-frequency feature
of the two-signal output is particularly con-
venient for the CCIF method of testing,

> Harmonies and intermodulation products
in the oscillator output are very low.

OSCILLATORS

> Output voltage is essentially constant over
entire frequency range.

> Irequency and voltage stability arve high.
> Output meter and attenuator are provided,
s0 that the oscillator can be used as a standard-
signal generator for such measurements as
voltage, gain, and attenuation.

SPECIFICATIONS

Frequency Range: The four settings of the OUTPUT
FREQUENCIES control, labelled A, B, C, and D,
respectively, correspond to the following output com-
binutions;

A 20 to 20,000 eycles.

B: 20,000 to 40,000 eyeles.

C: One frequeney, fi, of 20 to 20,000 cyeles and a
second frequency, fo, higher than fi by a fixed amount,
which may be between 0 and 10,000 eyeles, As fy is varied
the difference frequency remains constant.

D: One frequency, fi, of 20 to 20,000 eycles and a
second frequeney, fi, of 20 to 10,000 eyeles,

Frequency Control: The main control is engraved from
20 to 20,000 eycles per second and has a true logurithmic
frequency seale. The total scale length is approximately
12 inches, The effective angle of rotation is 240° or 80°
per decade of frequency. The frequency-inerement dial
is ealibrated from 450 to —50 eyveles. 20 ke is switehed
in to give 20 ke to 40 ke, A 3Y4 inch auxiliary frequency
dial, fi, is engraved from 0 to 10,000 exeles over approxi-
mately 180° of dinl rotation. The seale distribution is
approximately logarithmic above 500 eyeles and approxi-
mately linear below 500 ey cles.

Frequency Calibration: Main dial, 20 to 20,000 cycles:
The ealibration ean be standardized within 1 eyvele at any
time by setting the instrument to zero beat, The ealibra-
tion of the frequency control dial can be relied upon within
=+ (19 + 0.5 eyele) after the oscillutor has been correctly
set to zero heat,

The acouracy of calibration of the frequency-inerement
dial is £ 1 cyele,

Auxiliary Dial, 20 to 10,000 cycles: The frequency can
be stundardized within 1 eyele by setting to zero beat,
The calibration of the dial can be relied upon within
(37 4 10 eycles).

Zero Beat Indicator: The output voltmeter ean be used
to indicate zero beat,

Frequency Stability: The drift from a cold start is less
than 7 eyeles in the first hour and is essentially completed
within two hours.

Output Attenuator: The output attenuator has six
steps from — 100 to 0 db with an accuracy of %1% of
the nominal attenuation.

Output Control: For cach step of the attenuator the
output voltage can be continuously varied from zero to
maximum voltage, With two-frequency output, the ratio
of the voltages at the two frequencies can be andjusted
from less than 0.1 to greater than 10 by meuns of a control
culibrated from 0.1 to 10,

Output Voltage: NORMAL output provides full-scale,
open-cireuit output voltages of 50 microvolts, 500 micro-
volts, & millivolts, 50 millivolts, 500 millivolts, and 5
volts, HIGH output provides full-scale, open-cireuit
output voltages from 500 microvolts to 50 volts, When
the output voltage is of two frequencies, the indieated
voltage is the sum of the voltages at the two frequencies.

For & matched resistive load, the variation of output
voltage with frequency is as follows:

f, range A, and fi, ranges €' and D: Between 20 and
20,000 eyeles the output voltage varies less than =0.25 db.

J = 20 ke, range B: Between 20 and 35 kilocycles the

Tupe

output voltuge varies less than 0.3 db. It may drop
1 db at 40 kilocyeles,

fa. range C': Between 20 and 20,000 eycles the output
voltage varies less than 0.3 db. It may rise 0.75 db at
30 kiloeycles.

fa, range D: Between 20 and 10,000 eycles the output
voltage varies less than =40.25 db.

Qutput Voltmeter: Calibrated in volts output at open
circuit and in dbm. Above 109 of full seale, the calibra-
tion is accurate within 457 of the reading.

Output Impedance: 600 ohms, resistive, within =295,
One side of the output eireuit is grounded.

Output Power: IIGIH output is 1 watt maximum into
a matched load. NORMAL output is 10 milliwatts,
maximuim, into a matehed load.

Harmonic and Intermodulation Distortion: Dis-
tortion is not affected by the load impedance or the
settings of the output control and attenuntor except on
HIGH output with the 0 db attenuator position, On
HIGH output with the 0 db attenuator position and with
a load less than 600 ohms the distortion will be higher
than the vulues guoted below, which apply to all other
conditions of load and output settings.

Harmonic Distortion: IFor NORMAL output the totul
harmonic content is less than 0.25%: from 100 to 8000
eveles. Below 100 eyveles the harmonie content increases
and may reach 0,57 ut 50 eveles. For HIGH output the
total harmonic content is less than 17, from 100 to 8000
eveles. Below 100 eyeles the harmonice content inerenses
and may reach 295 at 50 eycles.

Intermodulation Distortion: (1) CCIF: Quadratic
and cubie distortion for frequencies above 1000 eycles
and a difference frequency greater than 100 eyeles are
each less than 0,159 on NORMAL output and less than
0.5% on HIGH output.

(2) SMPTILE: The square root of the sum of the squuares
of the quadratic and cubie distortion for fi between 40
and 300 eyeles and f3 between 1000 and 15,000 eyeles is
less than 0.5 on NORMAL output and less thun 3%
on HIGIT output.

A-C Hum: Less than 0.19 of the output voltage.
Terminals: Tyre 938 Binding Posts on punel. 4-terminal
socket in back.

Mounting: 19-inch relay rack panel with walnut end
pieces.

Power Supply: 103 to 125 (or 210 to 250) volts, 50 to
60 eyveles. Power consumption 135 watts,

Tubes: +—63L7-GT I -3R4GY
3—0SAT I—0Y6-G
2—6Vo-GT 1—63J7
2—O8N7-GT 1I—0D3
105G 1—3-4

1610
Accessories Supplied: Power cord, multipoint plug,
and spare fuses,
Other Accessories Required: For mensurements of
harmonic and intermodulation distortion the Typrr 736-A
Wave Analyzer is recommended as a detector.
Dimensions: (Width) 194 x (height) 1774 x (depth)
1774 inches, over-all.
Net Weight: 31 pounds.

Code Word Price

1303-A
PATENT NOTICE. See Note 2, page vi.
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OSCILLATORS

TYPE 1214-A UNIT

The Typr 1214-A Unit Oscillator is a com-
pact and inexpensive audio oscillator with two
fixed frequencies, 400 and 1000 cycles. It
is a convenient modulator for the high-fre-
quency unit oscillators and is useful as a power
source for bridge measurements. The distor-
tion is low, and the output level is adequate
for most applications. T'he unit can be used
with the output ungrounded. The a-¢ power
supply is built into the instrument.

SPECIFICATIONS

Frequency: 400 and 1000 cyeles aceurate to 4277,
Output: The power output is over 200 milliwatts into a
lond of 5000 olins with the output control (10 k£2) at
maxinim, Open=cireuit outpit voltage is about GO volus.
Distortion: Less than 3% into matching load,

Output Circuit: The output can be isolated from ground
for using the oscillator as a modulator in the plate circuit
of a high-frequeney oscillator, such as the General Radio
Unit Oseillators,

Controls: A toggle switech to seleet frequencey, an output
control and a power switeh,

Terminals: The output terminals are jack-top binding
post< with standard 34-inch spacing: a ground terminal
is provided, adjacent to one of the output terminals,

Type

OSCILLATOR

Power Supply: Unlike most instruments of the Unit line
the power supply is built into the instrument; 115 volts,
H)-60 eyeles; power consumption is about 16 watts,
Accessories Supplied: Rpare fuses: the power cord is
integral with the unit,

Tube: One L17N7-GT', which is supplied with the instru
ment,

Mounting: Aluminum panel and sides finished in black
erackle lacquer. Aluminum dust cover finished in clear
lacquer.

Dimensions: (Height) 534 x (width) 3 x (depth) 64
inches, over-all, not including power-line connector cord

Net Weight: 4!, pounds,

Code Word Price

1214-A

PATENT NOTICE. See Note 2, page vi.

| Unit Oscillator (including power supply). .. |

$66.00

ALLAY

TYPE 723 VACUUM-TUBE FORKS

The Tyee 723 Vacuum-Tube Forks are
compact, stable fixed-frequency electro-me-
chanical oscillators. Their excellent waveform
makes them useful for distortion measure-
ments, in addition to use as modulators for
oscillators, signal generators, and beacon-
transmitters. They can be used as power
sources for impedance bridges and for trans-
mission measurements on lines and cables.
Precisely adjusted frequeney makes them use-
ful as sources of timing pulses for oseillo-
grams, An a-¢ power supply is ineluded, which
may be replaced by batteries, if desired.

SPECIFICATIONS

Frequencies: Two frequencies are available, 400 and
1000 eyeles,

Frequency Stability: The temperature coeffictent of
frequency is approximately — 0008 per degree Fahren-
heit. The frequency is entirely independent of load imped-
anve. An initial downward drift of frequency oceurs as
the termperature of the fork is affected by heat generated
in the power-supply unit. The total frequeney drift is of
the order of 0.157; to 0.2°7. Most of this drift, however,
oceurs in the first 30 minutes of operation.

The voltage coefficient of frequeney is negligible.
Accuracy: The stabilized frequeney is adjusted to within
+0,05% of its specified value, at a room ambient of 25°
Centigrade.

Qutput: Approximately 50 milliwatts to a matehed load.
Internal Qutput Impedance: 50, 500, and 5000 ohms.

164

Waveform and Hum Level: The total harmonie content
is less than 0.5%¢. The power supply bum is negligible
Power Supply: 105- to 125-volt, 40- to 60-cyele line
Power pack can be removed and batteries substituted for
field use. For battery operation one Burgess 4FIH (115
volt) and two Burgess Z30NX (45-volt), or equivalent
are required, The ON-OF switeh is arranged to contro
the = line or the h:l(h‘l‘)‘ current.,
Vacuum Tubes: 1—IAS-GT/G

1—OC3
The necessary tubes are supplicd.
Accessories Supplied: A line connector cord is supphied
Mounting: The oscillator asscmbly is mounted on
phenolie panel and is enclosed in a walnut cabinet,
Dimensions: (Length) 1025 x (width) 614 x (height
7% inches, over-all,

Net Weight: ol 1 ]I(I\”l(l’.

Type Frequeney Code Word Price
723-C | 1000 cyeles | =oLID $185.00
723-D | 400 cycles | sULKY 185.00

GENERAL RADIO COMPANY
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TYPE 1211-A UNIT

USES: The Tyepr 1211-A Unit Oscillator is a
compact, inexpensive and well shielded radio-
frequency power source. It can be used with
the Tyee 916-A and Tyee 916-AL R-F
Bridges and the T'vre 1601-A VHE Bridge.

DESCRIPTION: The 100:1 frequency span of
0.5 to 50 Me is achieved in two bands by
varying simultaneously the capacitance and
inductance of the Hartley-type tuned circuit.
An inductance variation of about 4:1 is ob-
tained by two sickle-shaped cores carried on
the tuning capacitor shaft. One core is made
of powdered magnetic material and is centered
within the tuned-cireuit inductance coil at the
low frequency end. As the tuning capacitance
is reduced, this core is withdrawn and replaced
by the second core made of aluminum.

The oscillator can be externally amplitude
modulated by superimposing an audio-fre-
queney voltage on the plate supply.

The output eircuit is inductively coupled to
the oscillator and includes a variable voltage
divider.

FEATURES: > Compact unit design.
> Two ranges, 0.5 to 5 Mc and 5 to 50 Me.

OSCILLATORS

OSCILLATOR

> Logarithmic calibration of the main fre-
quency dial, with a slow-motion dial calibra-
ted in frequency inerements of approximately
0.29%, per division.

> Carefully shielded mechanism and filtered
power input leads.

> Typr 874 Coaxial output system.

> Power output of at least 200 milliwatts
over the entire range, with considerably more
over the lower band.

SPECIFICATIONS

Frequency Range: 0.5 to 50 Me in two ranges.
Frequency Calibration Accuracy: --2% at no load.
Frequency Controls: A two position range switch, a
i-inch dial with approximately logarithmie ealibration
and a slow-motion dial to indicate frequency inerements
of 1,29 per dial division.
Qutput System: The oscillator output is available at a
coaxinl connector at the rear of the instrument. An
adjancent ground terminal also permits eonneetion by
means of a Typer 274-MB Double Plug. The output is
controlled by a small dial, calibrated in arbitrary units.
Output Power: At least 200 milliwatts into a 50-ohm
load For the 0.5-5 Me range, the output power is of the
order of 2 wutts,
Modulation: Direet amplitude modulation over the
asudio-frequency range can be obtained with an external
andio  oseillator.  The impedance at the modulator
terminals is whout 8000 ohms, and 25% modulation is
obtained with about 45 volts. Under these conditions
envelope distortion is of the order of 3%. The audio
souree must be eapable of earrying the d-¢ plate eurrent
of the oscillator.

To obtain amplitude modulation at video frequencies
up to & Me and modulation free of incidental f-m, the

Tyrr 1000-P6 Crystal Diode Modulator can be used at

carrier frequencies above 10 Me.

Circuit: Two-range Hartley oscillator, coupled directly

to output. Frequeney wvariation is obtained by simul-

taneously changing the tuning capacitance and the cores

of two tuned-cirenit inductances,

Power Supply Reguirements: 300 volts at 50 ma de.
6.0 wvolts at 0.75a ac

or de.

The Tyee 1208-A Unit Power Supply is recommended.
Tube: T'yer 5763 Miniature VI Beam Power Amplifier
is supplied.

Mounting: The oscillator is mounted on an aluminum
casting and is shielded with a spun-aluminum cover. The
assembly is mounted on an L-shaped panel and chassis,
finished in black-crackle lacquer,

Accessories Supplied: Typer S74-R21 Pateh Cord,
Type 874-Q2 Adaptor and a multipoint connector.
Accessories Available: Tyre 1000-P6 Crystal Diode
Modulator, Type 1214-A Unit Osecillator, Tyre 1203-A
Unit Power Supply, Tyre 1204-B Unit Variable Power
Supply and the Tyre 874 Coaxial Elements,
Dimensions: 7 x 8 x 12 inches over-all.

Net Weight: 1114 pounds.

Type ‘ Code Word Price
1211-A | Unit Oscillator* (0.5-50 Me)........ ATLAS I $295.00
1203-A | Unit Power Supply . . ...ooivvinnnnn. ALIVE I 40.00

‘PATENT NOTICE. See Notes 3 and 4, page vi,

GENERAL RADIO COMPANY
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TYPE 1330-A BRIDGE OSCILLATOR

USES: The DBridge Oscillator is a stable,
variable-frequency source of power for bridge
and other meusurements at audio and radio
frequencies. It supplies three fixed audio
frequencies and a wide range of radio fre-
quencies, continuously adjustable, with power
output sufficiently high for most laboratory
measurements. It covers the frequency range
of the Tyrr 916-A and Tyre 916-AL Radio-
Frequency Bridges and the Typir 821-A
Twin-T. At audio {requencies it can be used
with the Type 716-C Capacitance Bridge, the
Typr 667-A Inductance Bridge, and the
Typr 561-D Vacuum-Tube Bridge. Its power
output of about one watt is adequate for most
resonant circuit measurements. The Type
1330-A DBridge Oscillator is an economical
general-purpose laboratory source of maxi-
mum utility and adaptability.

DESCRIPTION: Both the circuit and the me-
chanical construcetion of the Bridge Oscillator
are similar to those used in the Typrr 1001-A
Standard-Signal Generator (page 142), but a

higher power oscillator tube is used, and the
aperiodic output stage has been omitted.
Tuning capacitor and inductors are ruggedly
constructed to assure frequency stability, the
oscillator cireuits are doubly shielded to
minimize stray fields, and a modulating cir-
cuit of unusual design provides excellent
modulation characteristics over the radio-
frequency range.

Modulation is available at two audio fre-
quencies and at two levels, selected by
switches.

Output terminals are Tyer 871 Coaxial
Connectors, and coaxial cables and adaptors
are supplied to permit complete shielding
from the oscillator to the measuring circuit.

FEATURES: > Wide frequency range.

> One watt output over much of the radio-
frequency range.

> [ixcellent shielding.

» Good frequency stability and low distor-
tion,

The Tyee 1330-A

Osecillator used as u source for

the Tyer 821-A Twin-T Imn-
pedance-measuring circuit.

Bridge

GENERAL RADIO COMPANY
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OSCILLATORS

View of the oscillator unit re-
moved from the cabinet. The
servicing cable is shown coiled

in its storage position. This

cable makes possible the opera-
tion of the r-f section when it
is removed from the cabine

for complete servicing.

SPECIFICATIONS

Frequency Range: Three fixed audio frequencies (power
line frequency, 400 ¢, and 1000 ¢) and a continuous fre-
queney spectrutn from 5 ke to 50 Me in eight direct-
reading ranges as follows: 5 to 13 ke, 15 to 50 ke, 50 to
150 ke, 150 to 500 ke, 0.5 to 1.5 Me, 1.5 to 5 Me, 5 to 15
Me, and 15 to 50 Me.

Frequency Accuracy: =57 for the 400- and 1000-cycle
fixed frequencies, £=29, for the earrier frequencies above
150 Kiloeyeles, and 23" for the earrier frequencies helow
150 kiloeyeles under no-load conditions. A 50-ohm resis-
tive load may cause a frequeney shift of as much as 5%
at some of the lower earrier frequeneies; above 150 kilo-
eyeles, the frequeney shift due to a 50-ohm load is usually
less than 195, From 5 kiloeyveles to 15 Me, the dial
calibration is logarithmie.

Incremental-Frequency Dial: The slow-motion dial
indicates frequency inertments of 0,19 per division from
S ke to 15 Me,

Output Voltage and Power: The AUDIO output jack
provides a fixed voltage output of about 12 volts open
cireuit, or a power output of about 4 watt into a mateh-
ing 50-ohm load; the output at the R-I° jack is controlled
by the R=1" control and supplies adjustable output for the
3 ke to 50 Me range; over the mid-frequeney range, the
open cireuit output voltage is about ten volts, and the
output power into a d0-ohm load (output control at maxi-
mun) is about one watt, The output falls off at the upper
and lower ends of the frequency speetrum,

Output Impedance: 50 ohms at the AUDIO jack; be-
tween 20 and S0 ohims, depending on frequeney, at the
=17 jack when the 250-0hm output control is at maximum.
Modulation: The R-I" range (15 ke to 50 Me) can be
internally amplitude-modulated at either 400 ¢ or 1000 ¢
at the two modulation levels of approximately 30, and

60, There is no provision for external modulation.
Envelope Distortion: Less than 6 at the 60%% modu-
Intion level: less than 3% at 30 modulation,

R-F Distortion: 3, over most of the range; at the lower
radio frequencies it is about 69,

A-F Distortion: Approxinately 3% at 400 and 1000
eycles,

Leakage: Stray fields at 1 Me are about 50 uv per meter
at two feet from the oseillator. With the instrument out

Tupe

of its cabinet, the stray field muy be greater by a factor
of ten,

Controls: A switeh for selecting between AUDIO (LINE,
400 e, or 1000 ¢) and R-I" output (CW or MODulated
— 100 ¢, or 1000 ¢); & switeh for selecting between [TIGH
and LOW modulation; a voltage divider for eontrolling
the R-1' output; a range switeh; a ealibrated dial and o
vernier dinl for setting the radio frequeney; a power
switeh,

Accessories Supplied: Typrr 874-R21 3-foot Coaxial
Cable, Typre 87402 Adaptor, Tyre 8714-0Q7 Adaptor
Tyre TO-44 Adinstment Tool (mounted on r-f shield
cover), spare fuses, and a power cord,

Mounting: Aluminum punel finished in black-crackle
lacquer. Aluminum eabinet is finiched in black wrinkle
and is provided with carrying handles. Cabinet ean be
removed for relav-rack mounting,

Power Supply: 115 (or 230) volts at 40 to 60 cyeles. The
power input is about 30 watts,

Tubes: Supplicd with the instrument: Two GAQS-type
tubes and one 6Xd-tvpe tube.

Terminals: I'vre 874 Coaxial Terminals are provided
for both the AUDIO output and the R-F output.
Dimensions: (ITeight) 71o x (width) 2134 x (depth) 1124
i]ll"u'-‘ U\‘i'!'-.’l”.

Net Weight: 3714 pounds,

AUDIO OSCILLATOR

Code Word Price

1330-A

PATENT NOTICE. Sco Notes 3, 4, page vi.

| Bridge Oscillator. .........

ACORN | $525.00

GENERAL RADIO COMPANY 167
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OSCILLATORS

V-H-F AND U-H-F UNIT OSCILLATORS

USES: The Tyres 1215-A, 1208-A and 1209-A
Unit  Oscillators are compact, moderately
priced, general-purpose power sources for the
eleetronies laboratory and production testing.
They cover Irequency ranges of 50 to 250
Me, 65 to 500 Me, and 250 1o 920 Me respec-
fively and can deliver 80 to 500 milliwatts of
power. Output terminals ave T'yei 874 Coaxial
Connectors for convenient  connection  to
General Radio measuring equipment as well
as to the wide variety of Tyrr 874 Coaxial
Flements. Adaptors on pages 135 138 permit
interconnection with other systems of coaxial
connecltors,

TYPE 874-R3)
PATCH CORD \ L

TYPE 1216A
I-F AMPLIFIER

Functional diagram of the unit oscillator and mixe
rectifier used as a frequeney converter.

These oscillators are recommended as power
sources for the Tyer 874-L13 Slotted Line,
the Tyre 1601-A V-H-I Bridge and the Tyri
1602-B U-H-I" Admittance Meter. In con-
junetion with Tyer 874 Coaxial Elements
such as attenuators, vectifiers, filters, termina-
tions, modulators, and coupling devices, they
can be adapted for a wide variety of uses in
the laboratory, which would otherwise require
specialized and expensive equipment.

Connected to o Tyre STI-NR NMixer Recti-
fier, the unit oscillators can provide the local
His_{tl;ll n a }‘H"I(*t‘n(l_\‘m‘ converter, to :Iti;lpl i
low-trequency communications receiver, or an
i-I amplifier such as the Typr 1216-A, for use
as a sensitive detector for v-h-f and u-h-f
signals. This combination makes an excellent
null detector for the Tyre 1601-A V-H-F
Bridge and the Typer 1602-B U-TT-F Admit-
tance Neter.

The Unit Oscillators can be used as signa
generators if means are provided to measur
and to attenuate the output. The Tyrr 874
VIR Voltmeter Rectifier, the Tyrr 874-V]
Voltmeter Indicator and the Tyer S74-GA
Adjustable Attenuator are suitable for this
purpose. At frequencies above 300 Me,
Tyrr 871-1D50 Adjustable Stub is required as
well, and, at lower Irequencies, a I'yver 871
WN Short Circuit Termination. The Tyei
S7T1-LA Adjustable Line should be added to
inerease the output. It should be kept in mind
however that the shielding of this system is
not sufficient for accurate measurements i
the microvolt region.

Amplitude modulation over the audio range
can be obtained by superimposing a-" voltage
in the plate supply. Convenient terminals
have been provided for this purpose, and the
Tyre 1214-A Unit Oscillator is recommended
as a modulator. The audio source must be
capable of carryving the d-¢ plate current of
the oscillator. Incidental fm inherent in this
system is of the order of 0.019; for 309, am
in the lower part of the tuning range and in-
creases rapidly at the high-frequency end.

In combination with a Tyee 1000-16
Crystal Diode Modulator and a Typrw 871-
GA 20-db Fixed Attenuator any unit oseillator
is a convenient source of television signals
over its entire carrier-frequency range if video
modulating voltage is available. The video
mocdulating voltage required can be obtained
from a standard television receiver tuned to
a loeal station. Since the modulator is sepa-
rated from the oscillator by an attenuator
pad, amplitude modulation free from inci-
dental frequency modulation is obtained.

With the Tyes 1000-’7 Balanced Modu-
lator (page 150), the output of the Unit
Oscillators can be modulated up to 10095 with
sinusoidal or pulse waveforms, and rise times
as short as .02 microseconds can be obtained.

The Unit Oscillators cover very wide
ranges in that part of the frequency spectrum
that is beyond the region of conventional
lumped cireuit, techniques and below  the
region of lines and cavities. Oscillators in

Funetional diagram of the unit oscillator and accessories, connected to operate as a standard-signal generator.

TYPE 874-R20 TYPE 874-GA
PATCH CORD ADJUSTABLE A

TYPE 874-LA
ADJUSTABLE LINE

\_~

TYPE 874-VR
VOLTMETER RECTIFIER

OSCILLATOR

TYPE 874-D50

TYPE 874-V1
VOLTMETER

T YPE 874-R20
PATCH CORD
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this range cannot be put together readily
from standard components, and much time
and effort will be saved by using the small,
convenient and reliable Unit Oscillators.

The output system used in all of these oscil-
lators is a short coaxial line with a coupling
loop and a Typewr 874 Coaxial Connector on
the output end. Coupling to the oscillators
can be adjusted over a wide range.

Plate and heater power can be furnished
conveniently by the small Typre 1203-A Unit
Power Supply, although for some applications
a well-regulated power supply with lower hum
voltage may be desirable. (See specifications.)

The oscillator is supported by an L-shaped
bracket which requires a minimum of bench
space. All components are mounted on a flat
base easting which carries the supply line
filters on one side and the tuned eircuit on

GENERAL SP

Output System: Short coaxial line with a coupling loop
at one end and a Tyee 874 Coaxial Connector on the
other end. Maximum power can be delivered to load
impedances normally encountered in conxial svstems,
Mounting: The oscillator is mounted in an aluminum
easting and is shielded with a spun-aluminum cover, The
assembly is mounted on an L-shaped panel and chassis,
Accessories Supplied: Type ST4-R20 PPatch Cord,

TYPE 1215-A UNIT

The tuning element in this oseillator is a
semi-butterfly ecireuit, which has no moving
contacts and in which the inductance and
capacitance are varied simultaneously. The
G-inch main tuning dial is calibrated directly
in frequency, and the 4:1 slow-motion drive
is provided with an aribtrary linear scale.

The oscillator cireuit consists of a twin-
triode connected in push-pull across the high
impedance portions of the tuned civenit. This
oscillator is similar to the v-h-f oscillator unit
used in the Tyee 1021-A Standard Signal
Generators deseribed on pages 146 and 147,

OSCILLATORS

TYPE 814-GF
FRED ATTENUATOR

Funetional diagram of the unit oscillator with video
modulator to form a television signal generator.
the other. The tuned cirenit is enclosed in a
evlindrical shield which carries the output

cireuit.

FEATURES: > Wide frequency range.

> Smooth frequeney adjustment.

> Adequately high output over the entire
range.

> Good frequency stability.

> Small warm-up drift.

> [xtremely versatile when used with the
wide variety of accessories available.

ECIFICATIONS

Tyer 874-C Cable Conneetor, Typre S7T4-1 Panel Con-
nector, and Tyer CDMS-466-4 Multipoint Connector.
Accessories Available: T'vre 1000-P6 Modulator, Tyeg
1000-P7  Balanced Modulator, Tyre 1203-A  Power
Supply, Tyee 1204-B Power Supply, Tyrs 1214-A
Oscillator, and the Tyrr 874 Coaxial Elements such as
adaptors, nttenuators, voltmeters, mixer, cte,

OSCILLATOR (50-250 Mc)

SPECIFICATIONS

Frequency Range: 50-250 Mue.

Tuned Circuit: A semi-butterfly with no shiding contaces,
Frequency Control: A fi-<inch dial with direet frequeney
calibration over 140 degrees, Slow motion drive, 4:1 ratio,
Frequency Calibration Accuracy: 17, at no load.
Warm-Up Frequency Drift: Approximately 0.4%.
OQutput Power: At least SO0 milliwatts into a 50-ohin
lond.

Power Supply Requirements: 370 volts d-¢ at 23 mu

Modulation: Direct modulation over the

amplitude
audio-frequency range can be obtained with an external

andio  oscillator. The impedance at the modulation
terminals is about 15,000 ohms. A convenient audio source
is the Tyre 1214-A Unit Oscillator, which will deliver
about 55 volts at 400 or 1000 exeles and will yield about
250 modulation,

Tube: Tyer 12477 wimature twin-triode.

and 6.3 volts a-¢ or dee¢ at 0.3 ampere. The Tyee 1203-A Dimensions: 7 x 8 x 9 14 inches, over-ull,
Tnit Power Supply is reconmended, Net Weight: 71 pounds,
Tuype = Code Word Priee
1215-A Unit Oscillator®, 50 to 250 Me .. ....... .. ADOPT ‘ $190.00
1203-A Uit PoWer SUPPIV . coeonewn v s as o s ; ALIVE 40.00

*PATENT NOTICE, See Notes 3, 4 und 10, page vi.
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OSCILLATORS

TYPE 1208-A UNIT OSCILLATOR (65-500 Mc)

The Tyre 1208-A Unit Oscillator has a
tuned circuit of the sliding contact type,
combining a variable air capacitor and a
variable inductor in a single unit. A very wide
frequency range is obtained at some sacrifice
in frequency stability.

Plate and grid of the Typr 2C43 Lighthouse
Oscillator Tube are connected to the tuned
circuit, and the cathode shell is grounded. The
oscillator eircuit is of the Colpitts type, with
feedback determined essentially by the elec-
trode capacitances of the tube.

SPECIFI

Frequency Range: 65-500 Me.

Tuned Circuit: Sliding contact type,

Frequency Control: 4-inch dial with ealibration over
270°, Slow-motion drive. 614 turns.

Frequency Calibration Accuracy: +29.

Warm-Up Frequency Drift: Approximately 0.5 .
Output Power: Into 350 £, 100 mw at any frequency;
500 mw in eenter of range.

Modulation: Amplitude modulation of 30%, at audio

T'ype

1208-A | Unit Oscillator,* 65-500 Mc . .

1203-A | Unit Power Supply

*PATENT NOTICE, See Notes 3 and 4, page vi.

TYPE 1209-A UNIT

The Tyre 1209-A Unit Oscillator covers a
frequency range from 250 to 920 Me in one
band. This includes all of the u-h-f television
channel frequencies. The dial is calibrated di-
rectly in frequency, and a slow-motion drive
is provided.

The tuning element is a Butterfly Circuit,
which has no sliding contacts. Frequency
stability and resettability are excellent. A
dise seal triode is used as the oscillator tube.

The Tyrr 1209-A iz similar to the u-h-f
oscillator used in the Tyrr 1021-A Standard
Signal Generators deseribed on page 146.

SPECIFI

Frequency Range: 250-920 Me.

Tuned Circuit: Butterfly, with no sliding contaets,
Frequency Control: 4-inch diul with calibration over
270°, Slow-motion drive, 8 turns.

Frequency Calibration Accuracy: 17.

Warm-Up Frequency Drift: Approximately 0.29.
Output Power: Into 50 £, 200 mw at any frequency.
Modulation: Amplitude modulation of 30 at audio
frequencies can be produced by an external source of

OSCILLATOR

CATIONS

frequencies ean be produced by an external source of
40 volts, Input impedance is about 8000 ohms. The Typy
1214-A Unit Oseillator is recommended.
Power Supply Required: 300 v; 40 ma, de
6.3 v; 0.9 a, ac
Tyre 1203-A Power Supply is recommended.
Tube: 2C43 Lighthouse triode.
Dimensions: 614 x 614 x 814 inches, over-all.
Net Weight: 5'5 pounds.

("n!!: Word Price
............ | AMEND $190.00
ALIVE 40.00

(250-920 Mc)

CATIONS

40 volts. Input impedance is about S000 ohms. The
Tyre 1214-A Unit Osecillator is recommended.
Power Supply Required: 300 v; 40 ma, de
6.3 v; 0.4 a, ac
Tyre 1203-A Power Supply is recommended,
Tube: Sylvania Type RT-434 Dise Seal T'riode.
Dimensions: 7 x 614 x 913 inches, over-all
Net Weight: 6! pounds.

- o 7
1209-A | Unit Oscillator,* 250-920 Mc
1203-A Unit Power Supply . ..........

*PATENT NOTICE. See Nates 3,4, and 10, page vi.
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Code Word Price
........... | AMISS $235.00
........... l ALIVE 40.00
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OSCILLATORS

TYPE 1390-A RANDOM-NOISE GENERATOR

RANDOM - NOMSE GENERATOR
T Wi

Ly

i

)

30 SEG.
WARM UP

USES: The Random-Noise Generator is useful
as a source for room acoustics measurements,
loudspeaker and microphone tests, psycho-
acoustic tests, filter tests, cross talk measure-
ments for multichannel carrier svstems, inter-
ference tests, noise figure measurements,
meter testing, and modulating signal genera-
tors and test oscillators. A pair of these
generators can also be used as sources for
illustrating various degrees of correlation, the
fluctuations of random sampling, and some
other points in statistical theory.

DESCRIPTION: The Typr 1390-A Random
Noise Generator uses a gas-discharge tube as
the noise source. A magnetie field is applied
to the tube to eliminate the oseillations usually
associated with a gas discharge. The noise
output is amplified in a two stage amplifier.
Between the first and second stage the noise
speetrum s shaped in three different ways
depending upon the setting of the range

switch. The 20-ke setting puts in a low-pass
filter which has a gradual roll-off above about
30 ke with the audio range to 20 ke uniform
in spectrum level, The 500-ke setting puts in
a low-pass filter that rolls off above 500 ke.
The 5-Me setting puts in a peaking network
that approximately compensates for the drop
in noise output from the gas tube at high fre-
quencies so that a reasonably good spectrum
is obtained out to 5 Me.

FEATURES: » A wide range of frequencies is
covered.

» The over-all output level is relatively high.
> The spectrum level for audio frequencies
is high and uniform over the audio range.

> A meter to indicate the over-all level is
provided.

> A wide range of output levels can be ob-
tained by using the Tyrr 700-P1 Voltage
Divider as an output control. (See page 157.)

SPECIFICATIONS

Frequency Ranges: Three bands of noise nx selected
by a switeh are provided:

(i) 20 ke: The spectrum level is uniform from 30 ¢ to
20 ke within =1 db,

(h) 500 ke: The spectrum level is uniform from 30 e
to 500 ke within =3 db.

(e) & Me: The spectrum level is uniform from 30 ¢ to
00 ke within £3 db and from 300 ke to 5 Me within
about =8 db.

Output Voltage: The maximum open-circuit output
voltage on any of the three bands is about 1 volt rms.

The average spectrum level with 1 veolt output is
approximately as follows:

(n) 20 ke band: 6 millivolts for one-eyele band,

(h) 300 ke band: 1| millivolt for one-eyele band,

(¢) & Me band; 0.5 millivolt for one-cyele bund.
The Tyre 700-P1 Voltage Divider (page 157) can be used
with this instrument to provide low output levels. It has
multiplying fuetors of 0.1, 0,01, 0,001, and 0.0001.
Qutput Impedance: The source impedance for maxi-
mum output is approximately 800 ohtus. The output is
tuken from a 2000-ohm potentiometer. One output
terminal is grounded,
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OSCILLATORS

6p4
NOISE TUBE

LOW PASS =

8+ FILTERS

Elementary schematie circuit diagram of the Typr 1390-A Random-Noise Generator.

Waveform: The noise source is a gas tube that has a
very good normal, or Gaussian, distribution of amplitudes
for limited ranges of the frequenecy speetrum. For the
20-ke range, this distribution is modified only slightly
hy the unavoidable amplitude limitations of a vaeuums-
tube amplifier. On the two wide hands, 500-ke and 5-Me,
some dissymmetry, resulting from a echaracteristic of the

gas tuhe and moderate elipping in the amplifier, oceurs
in the output wave.

Voltmeter: A rectifier-tvpe, average meter is used for
measuring the output voltage, It is calibrated to read the
r-m-s value of the noise at the output terminals,
Controls: I'requeney range switeh, power switch, output
potentiometer, and o 10 3 1 level attenuator,

Terminals: Jack-top binding posts with standard 34-inch
spacing. The lower terminal is grounded to the panel.
Accessories Supplied: Power cord, spare fuses.

Other Accessories Recommended: Typr 700-11
Voltage Divider (page 157), for obtaining low output
levels.

Mounting: Metal Cabinet. On special order the Tyee
1300-A Random-Noise Generator can be supplied in a

relay rack mounting with the Tyer 700-P1 Voltage
Divider.
Power Supply: 105 to 125 (or 210 to 230) volts, 50 to
60 eyeles. Total power consumption is about 50 watts.
Tubes: The following tubes are used:
1—6104 2—6HAQS

All tubes are supplied.
Dimensions: (Width) 12 x (height) 714 x (depth) 94
inches, over-all,
Net Weight: 15 pounds.

1—3-4

DECIBELS

Typical Spectrum Level Characteristics for Type 13D0-A
Random-Noise Generator.

Twpe Coade Word Price
1390-A Random-Noise Generator BUGLE | $240.00

TYPE 1217 -A

USES: The Unit Pulser is a compact and
versatile source of pulse wavetforms for the
laboratory. A self-contained oscillator makes
the unit independent of external synchronizing
signals for most applications,

The wide range of pulse durations permits
transient studies on a large variety ol net-
works and systems. Specifically, it ean be
applied in transient studies on passive net-
works, square-wave testing of  amplifier
systems, and as a source of pulse-modulation
voltage for r-f signal generators and oscillators,

When synchronized by an external source
of either pulses or sine-waves, the Unit Pulser
can also be used as a simple time-delay
generator over its range of awvailable pulse
durations. The pulse amplitude of one unit is
adequate to synchronize a second unit so
that one pulser may be used to delay the
trigger pulse for a second unit,

UNIT PULSER

DESCRIPTION: Four basie cireuit elements, a
blocking oscillator, monostable multivibrator,
limiter, and cathode follower-phase splitter,
are employed in the design of the Unit Pulser.

The blocking oseillator provides the twelve
basic repetition frequencies and the rapidly
rising voltage used to produce the leading
edge of the pulse. The blocking oscillator tube
can be biased bevond cut-ofl so that the unit
will respond only to externally applied trigger
signals, The synchronizing signal injection
circuit employs a Thyrite resistor, which
permits the blocking oscillator to be driven
over a very wide range of frequencies by a
sinusoidal voltage,

The pulse of current produced when the
blocking oscillator conduets is used to provide
a pulse to start the sweep of an oscilloscope.
A time delay of about 0.1 microsecond is
produced between this pulse and the pro-
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PULSE DURATION
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e

OSCILLATORS

duetion of the main pulse by an L-C network.
This time delay will permit the output pulse
to be visible on an oscilloscope sweep started
hy the svnchronizing pulse.

The monostable multivibrator eireuit pro-
duces the adjustable-duration pulse in four
overlapping ranges, timed by a variable
voltage and R-C networks.

A limiter is used to remove imperfections
in the pulse and to stabilize amplitude varia-
tions with repetition rate and duration, The
outpul system is a cathode follower, which
may be connected as a phase splitter to permit
the use of either positive or negative pulses by
simply removing the shorting bar on the
negative pulse output terminals.

The amplitude of ' the output pulse is
adjusted by variation of the voltage on the
limiter. This system of amplitude control 1s
adequate for most purposes; but under some
conditions it may be desirable to use an

external attenuator, since, with an unregu-
lated power supply, line transients will have
some effect on pulses of small amplitude, and
since a small amount of energy (0.1 volt) is
present at the output terminals by eapacitive
coupling and is not removed by the amplitude
control.

FEATURES: > Wide range ol pulse durations
and pulse repetition rates.

> [Past rise time — .05 microsecond.

> Pulse duration settings are stable and
accurate.

> Pulse repetition rate can be stabilized by
an external source, il desired.

> Pulse amplitude is adequate for use
directly on deflection plates of an oscillo-
scope.

> Internal time delay of Yo microsecond
permits leading edge of pulse to be visible on
most oscilloscopes.

SPECIFICATIONS

Pulse Repetition Rates:

30 ¢, 60 ¢, hoth synehronized to power line.

100 e, 200 ¢, 500 ¢, 1000 ¢, 2000 ¢, 5000 e, 10 ke, 20 ke,

50 ke, 100 ke, all 42109 or 20 ¢, whichever is greater.
Pulse Durations: Continuous coverage in four ranges
0.2 to 60,000 gsec. Accuracy =107 or 0.2 psee, whichever
s greater.

Pulse Shape: Rise time 0.05 usec.
Fall time 0.15 psee. with output terminals
shunted by 15 uuf and 1 M.

The overshoot may be set to he less than 3%¢ of one-
hall maximum amplitude and the top of the pulse is flat
to within 59 of maximum amplitude at all durations.
External Synchronization: 25 volts, r-m-s, is suflicient
for continuous locking over the range of 15 ¢ to 100 ke,

Output Impedance: Approximately 200 ohms for
positive pulses and 1300 ohms for negative pulses.

Open Circuit Output Voltage: 20 volts for pulses of
either polarity.

Stability: No time jitter is visible when a full period is
displuyed on an oscilloscope.

Tubes: GATIG, GAKS, 6ANS, 6ALS and two 12AT7.
Accessories Supplied: One multipoint connector, 10 : 1
204) L attenuator.

Power Supply: 300 volts, 35 ma; 6.3 volts, 2 a. Tyer
1203-A Unit Power Supply is recommended,
Dimensions: (Width) 1024 x (height) 534 x (depth) 614
inches, over-all, not including power-line connector cord

Net Weight: 514 pounds.

o Type Code Word Price
1217-A | UnitPulser*. ... ................... AMASS $195.00
1203-A | Unit Power Supply. ................. ALIVE 40.00

PATENT NOTICE, Bee Notes 2and 8, page vi,

GENERAL RADIO COMPANY
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WAVEFORM-MEASURING EQUIPMENT

TYPE 1932-A DISTORTION AND NOISE METER

USES: The Tyre 1932-A Distortion and Noise
Meter measures distortion, noise, and hum
level in audio-frequency circuits. In conjune-
tion with the Tyrer 1931-A Nodulation
Monitor, the Tyer 1170-B I7-M Monitor or
the Tyre LIS3-T TV Monitor, it can be used
to measure these quantities directly in the
output ol radio hroadeasting transmitters, It
finds many uses in the communications
laboratory and in the |)|'mi1lrlinn testing of
radio receivers as a wide-range, highly sensi-
tive voltmeter for such measurements as
si;_';n:ll-tll-llui.\'f' ratio, AVC characteristies and
hum level. With the aid of an oseilloscope,
individual hum and distortion components
can be identified,

DESCRIPTION: The principal elements of the
unit are a high-gain amplifier with an R-C
interstage coupling unit that balances to a
sharp null, a calibrated attenuator for adjust-
ing the sensitivity, and a vacuum-tube volt-
meter. Degeneration maintains stability in
amplifier gain and a flat transmission charac-
teristic except within an octave of the null

frequency. The null f'requeney is continuously
variable. The null network ecliminates the
fundamental of the audio-frequency signal,
leaving only the distortion products, which
are indieated 'fil'i'('lh' on the ;mnt'| meter,

The null network is switched out of the
cireuit for noise and hum measurements, and
the instrument then operates as a highly
sensitive voltmeter. Two input eirenits are
provided: (1) a transformer for bridging a
(00-0hm line: and (2) a direet connection to
the 100.000-0hm gain control.

FEATURES: > Continuous adjustment of fre-
quency over the entire audio range is provided.
» Quick frequency seleetion.

> Irequencies up 1o 45,000 eveles are passed
by the amplifier circuits, so that distortion
measurements can be made on fundamental
frequencies up to 15,000 eveles,

» Distortion as low as (.19 can be measured.
> An auxiliary dbm calibration is provided.
> \Il ll?ﬂ,’i"”ﬁ‘i'“}”' 1'“““('("1”” 1\ IH'”\'i'I("'i I.IH'
visual observation of the noise or distortion
components.

CALIBRATED
AT TENUTON

WM AMPLIFERS
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WAVEFORM

SPECIFICATIONS

Distortion Range: Full-scale deflections for 0.39;, 17,
3%, 109 or 307 distortion.
Noise Measurement Range: 80 db below reference cali-
bration level, or SO db below an audiosfrequency signal
of zero dbm level, at maximum sensitivity,
Audio-Frequency Range: 50 to 15,000 eyveles (funda-
mental), for distortion measurerents; 30 to 45,000 eycles
for noise and hum measurements,
Dbm Range: Power-level range is from 420 to —60
dbm. (0 dbm is one milliwatt in 600 ohms).
Input Voltage Range: 1.2 to 30 volts for the 100-
kilohm input, and 0.8 to 30 volts for the 600-ohm bridging
input,
Accuracy: For distortion measurements, =57 of full
sele for each range &£ residunl distortion as noted below;
for noise and dbm measurements, =45 of full seale.
Residual Distortion Level:
100-Kilohm Input: 0.059, max., below 7500 .
0.109, max., above 7500 c.
Bridging Input:  0.109, max., between 50 and 70 c.
0.05%, max., between 70 and
Ta00 e,
0,109, max., above 7500 e.
Residual Noise Level: Less than 80 db.
Input Impedance: 100,000 ohms unbalaneced, and 600-
ohin bridging input (10,000 ohms), balanced or un-
balaneed.
Meter: A large meter with an illuminated seale is pro-
vided, ecalibrated in pereentage and db. The ballistie
characteristic is similar to that of a vu meter.
Vacuum Tubes: The following tubes are supplied:

4—6J5 1—6K6-GT/G 1 —6X5GT
1—6SN7-GT 1—6H6 2—0D3
7'"!"’7 —u - .
1932-A Distortion and Noise Meter
FRI-412 Aluminum End Frames. . . . . ... .....

PATENT NOTICE. See Notes 2, 15, page vi.

TYPE 1932-P1 A-M

The Typr 1932-P1 A-M Detector Unit, for
measuring the A-M noise level in F-M trans-
mitters, consists of a linear reectifier and an
r-{ filter, with provision for introducing an
audio-frequencey calibrating voltage. The de-
tector output, after filtering, is passed through
astandard T5-microsecond de-ecmphasis cireuit
to the Distortion and Noise Meter. The de-
emphasis circuit can be switched out to give a
flat characteristic, if desired. A microammeter
indicates the diode current.

Provision is made for the use of an external
diode detector to cover ranges of carrier fre-
quency not included in the normal operating
range of the self-contained diode detector.

Accessories Supplied: Line cord, eable for connecting
to the Tyre 1931-A Modulation Monitor, spare fuses.

Other Accessories Required: For measuring the dis-
tortion in oscillators and other audio-frequency sources
no additional equipment is required. For measurcments
on amplifiers, lines, and other communieations networks,
a low-distortion oscillator is required. Tyre 1301-A Low-
Distortion Oseillator (see page 158) is recommended.
When the modulated output of & radio transmitter is to
be measured, a linear demodulator is neeessary. The
Tyrr 1931-A Modulation Monitor (page 198) or Type
1170-B I'=M Monitor (page 196) and the Tyre 1183-T
TV Monitor (page 194) are recommended. However,
any detector systemn having minimum undistorted out-
put of 1.5 volts rms can be used.

Terminals: Terminals are provided at the rear for con-
nection to the modulation monitor. A Western Electric
jack is provided at the panel also, as an auxiliary input
vircuit., Plugging into this jack antomatically disconnects
the rear connectors.

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

Mounting: The instrument is relay rack mounted. End
frames are available for table mounting. (See price list
below),

Panel Finishes: Standard General Radio black erackle,
Certain standard finishes which can be processed in
quantity ean be supplied.

Dimensions: Panel (length) 19 x (height) 7 inches;
depth behind panel, 12 inches.

Net Weight: 3734 pounds.

Code Ward Price

TABOO | $595.00
ENDFRAMDIG 10.00 Pair

DETECTOR UNIT

This feature permits the detector unit to be
used with the Tyre 1170-BT3 F-M Monitor
(U-H-F) diode mixer to measure A-M noise
in U-H-F TV transmitters.

SPECIFICATIONS

R-F Input: 4 to 8 volts required, from low-impedance
line, 50-220 Me.
Audio Input: 400 ecyeles; 4 to 8 volts; 1000-ohm input
impedance,
Audio Output:

30-30,000 eyeles =1 db; or
characteristic,

1 to 1.5 volts, into 100 k< load.
Diode: 1N34-A Crystal.

Tupe

75 psec de-emphasis

GENERAL RADIO COMPANY

1932-P1 | A-M Detector Unit. ... .........

Terminals: Telephone jack for a-f voltage; coaxial con-
nector for r-f voltage; plug for inserting into panel jacks
of Distortion and Noise Meter: telephone jack for
external diode detector.
Accessories Supplied: | Tyre 87T4-CS Cable Connector.
Mounting: Black wrinkle-finish case,
Dimensions: 514 x 6 x 214 inches, over-all.
Net Weight: 115 pounds.

Code Word Priee

Gincd] AMDET | $60.00
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WAVEFORM

TYPE

736-A

WAVE

ANALYZER

USES: The wave analyzer is used to measure
the amplitude and frequency of the com-
ponents of a steady-state complex electrical
waveform. These include not only the com-
ponents of harmonic distortion, but also those
of intermodulation distortion, noise, and
hum,.

Specific uses of the Type 736-A Wave
Analyzer include the measurement of dis-
tortion components in audio-frequency equip-
ment, broadeast receivers and transmitters,
telephone systems, public address equip-
ment, oscillators, amplifiers, and vacuum-
tube circuits in general; harmonie studies on
electric power systems and clectrical ma-
chinery; hum measurement in a-¢ operated
communication equipment; noise analysis;
and induction studies on telephone lines.
As a sharply tuned voltmeter, it is invaluable
in the measurement of the transmission
characteristics of electric wave filters and
as a null detector for impedance bridges. It
is an excellent detector for intermodulation

distortion measurements using the T'ype
1303-A Two-Signal Audio Generator as u
souree.

DESCRIPTION: The Tyrr 736G-\ Wave Ana-
Ivzer is a heterodyne type of vacnum-tube
voltmeter. The intermediate-frequency ampli-
fier includes a highly selective filter using
three quartz erystals. The use of a heterodyne
method makes it possible to vary the response
frequency while using a [lixed-frequency
filter.

The output of the local oscillator and the
whole of the complex wavelorm to be exam-
ined are fed to a balanced modulator where
their combination produces both the sum
and difference frequencies, or side bands, in
the output. The original of the complex wave-
form is not passed by the modulator inter-
mediate-frequency output transformer, and
the loeal oscillator carrier frequency is sup-
pressed in the output because of the two-tube
balanced modulator employed.
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The 50-kilocyele ecomponent of the upper
side band, proportional to the voltage of that
frequency present in the original wave to
which the main dial is set, is selected and
amplified by the intermediate stages. The
step attenuators provided make it possible to
measure a wide range of voltages.

FEATURES: > A “flat top” characteristic as
shown by the curve at the right is obtained
by using the three-crystal filter. This feature
makes tuning easier and increases the sta-
bility of the tuning adjustment.

> A\ very wide range of input voltages
1,000,000 to 1, full scale — can be accommo-
dated directly.

> Self-contained calibrating systems make it
possible to standardize the voltage and fre-
quencey calibrations easily at any time.

> The input impedance is constant at |1
megohm, but a built-in 100,000-ohm poten-
tiometer is provided as an alternate input
svstem where absolute voltage levels need
not be determined.

WAVEFORM

Transmission characteristic of the crystal filter in the
Type 736-A Wave Analyzer.

> xternal magnetic fields cause no trouble
because the balunced modulator is fed by
a phase inverter tube, rather than by a
transformer.

> Humidity effects are minimized by hermet-
ically sealing all critical parts including the
('l')’>llll.\.

SPECIFICATIONS

Frequency Range: 20 to 16,000 cveles.
Selectivity: Approximately as shown in plot, above.
The response is down 15 db at 5 eyeles, 30 db at 10 eyeles,
60 db at 30 eyeles from the peak. The selectivity is con-
stant over the lrequency range,
Voltage Range: 300 microvolts to 300 volts full scale,
The lowest division on the meter corresponds to 10 uv.
The over-all range is divided into four major ranges:
00 puvto300my, 3mvtod v, 30mvto30 v, 0.3 v to 300 v,
Fach of these ranges is divided into seven seale ranges;
for example, the 0.3 v to 300 v range has the following
full-seale ranges: 0.3 v, 1 v,'3 v, 10 v, 30 v, 100 v, 300 v.
\ direct-reading decibel scale is also provided.
Voltage Accuracy: Within £35"7 on all ranges. Spurions
voltages from higher order modulation products intro-
duced by the detector are suppressed by at least 70 db,
ITum is suppressed by at least 75 db.
Input Impedance: One megohm when used for direct
voltage mensurements, When used with the input poten-
tiometer it is approximately 100,000 olims,

‘/.”‘I"

Accuracy of Frequency Calibration: (29 +1
eyvele).
Vacuum Tubes Required:
3—006 1—605
2—6K6-GT/G 1—6X
3—6J7 1—6F5-GT/G
1—6B8 3—NE-S neon lamps
These are supplied with the instrument.
Power Supply: A-C line, 105 to 125 volts, 40 to 60 eycles.
A change in the power transformer connection permits
the use of 210 to 250 volts, 40 to 60 cyeles. A voltage-

stabilizing eircuit is included. Power input is about 65
witts,

Accessories Supplied: Spare neon lamps, spare fuses,
one I'ver 274-N 15 Shiclded Connector, and a line connec-
Tor |'ln"1[.

Mounting: Shielded oak eabinet,

Dimensions: (Width) 19'% x (height) 231 x (depth)
1074 inches, over-all.

Net Weight: 8614 pounds.

i

Code Word

736-A

PATENT NOTICE. See Note 2, page vi.

' Wave Analyzer. . ... .....

ASKEW $1675.00

For other audio-frequency analyzers, see pages 16 Lo 20.

INPUT YOLTAGE (Q)
CONTRNING
BETWEDN O & 16,000 CYCLES

- ) POWER FREQUENCY
\ @ TOR CALISRATION

GENERAL RADIO COMPANY

CALIGRATED WETEROUYNNG
SUPPLIING CARREA 17

OF 50 000 CYCLES MAUS FREQUENCY
OF COMPONENT OF Q" UNOER ANALYSIS

150,000 CrOLESIOMY

1 MROONT OF CARRIDN (M,
LOWER SOLOAND (P~), AND
P120, 230, £TC, MCLGML
g
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WAVEFORM

TYPE 651-AE
AND

TYPE 651-AH

OSCILLOGRAPH
RECORDERS

USES: These devices are designed for record-
ing the trace of a cathode-ray oscillograph to
obtain an accurate record of transient
phenomena. Typical applications are the
study of the response of electrical networks
to suddenly applied voltages, the recording
of switching transients, and the study of the
instantaneous variations of voltages and cur-
rents in electrical machinery under arbitrary
load variations.

DESCRIPTION: In the Tyrr 651-AE and Type
651-AH Oscillograph Recorders, the film is
driven continually past the aperture, so that
the trace of the horizontally deflected cathode-
ray spot is recorded as a continuous line. The
Tyre 651-AK is designed for use from very
low speeds (with special motors) to rates up
to about 35 feet per second with the motors
supplied. The Tyre 651-ATl provides speeds
from about 25 feet per second up to approxi-
mately 100 feet per second.

The large central driving sprocket and a
bottom take-up reel are driven by separate
motors in the Type 631-AE. The torque

characteristies of the motors are such that
the proper film tension is maintained as the
film passes from the loading reel to the take-
up reel.

The Type 651-AH uses a single motor,
driving the take-up reel, and an electrical
governor on the sprocket shaft. (Note: the
photograph above shows the Tyrr 651-AE).

Focusing is accomplished by viewing the
image through the focusing evepiece when
the two apertures in the driving sprocket
are aligned horizontally. The image forms on
a small piece of translucent film which can be
located on the sprocket.

FEATURES: > A wide range of film speeds can
be obtained by varying the voltage applied to
the motors. With special motors very low
speeds can also be obtained.

> The lens mounting is arranged to permit
focusing over a wide range of distances. A
simple and direct focusing means is provided.
> Reels will hold a full 100 feet of film and
are interchangeable.

SPECIFICATIONS

Film: Any 35-mm film or paper with standard perfora-
tions ean be run. Daylight loading and unloading with
negligible waste.

Tyre 651-Al: When motors ure operated at the
specified voltages, film speeds between approximately
5 and 35 feet per second are obtainable. Motors geured
for lower speed ranges can be supplied on special order.

Tyre 651-AIl: Approximately 25 to 100 feet per
second for specified voltages,

Lens System: Lens must be purchased separately. A lens
of aperture f/1.5 and 2-inch focal length in an adjustable

178

mounting that permits focusing for distances between 8
and 100 inches is available, assembled with mounting
plate to fit the recorder. (See price list). The image for
focusing is observed directly on the equivalent of a
ground glass in the plane of the film. The lens is equipped
with an iris diaphragm.

Oscillograph Screen: A low-persistence actinie blue
sereen, such as one with a P5 or P11 phosphor, should be
used for best results. .

Reels: Specially made reels for loading and take-up are
supplied. Capacity of reels, 100 feet.

GENERAL RADIO COMPANY
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Drive System:

Tyre 631-AF: Both the film-drive sprocket and the
take-up reel are driven by universal (a-e or d-¢) motors.
The film speed i3 varied by applying voltages between
65 and 200 volts to these motors,

Tyre 651-All: The take-up reel is driven by a universal
motor, the speed of which is varied by applying voltages
between 65 and 230 volts, An adjustable electric governor
controls the sprocket shaft speed.

Speed Control: When 115-volt or 230-volt, 50- to 60-
eyele service is available, a Tyee V-3IIMT or Type V-511

WAVEFORM

Starting Characteristics:

Tyre 651-Ali: Full operating speed is reached in ap-
proximately 25 feet of film travel at maximum speed. At
lower speeds less film is consumed in reaching operating
speeds.

Tyre 651-AH: Full speed is attained in from 10 to
40 feet,

Accessories Supplied: A line conneector cord.

Dimensions and Weight:

Variae may be used to vary the voltage applied to the 71"”":‘, Length  Width  Height  Net We ight
motors, I'or d-e¢ service, resistance methods of voltage 651-A | 12 inches 11%4 1613 |32 pounds
control must be used. 651-AH 12 inches 8 1615|3034 pounds
Tupe B Code Word Price
*651-AE Oscillograph Recorder. .......cuv... DINER $600.00*
*651-AH Oscillograph Recorder. .......... ... DRYAD 650.00*
651-P5 | Lens Assembly, f/1.5x2.0"......... DIARY 165.00

*‘Without lens,
PATENT NOTICE. See Note 6, puge vi.

TYPE 830-R WAVE FILTER

USES: The Type 830-R Wave TIilter is a
sharply-tuned band-pass unit which can be
used fo eliminate harmonies from distorted
wavelorms, for isolation of a 1000-cyele com-
ponent of a complex waveform, and to elimi-
nate spurious-frequency voltages from a 1000-
cycle measuring system.

DESCRIPTION: This band-pass filter is sharply
tuned for minimum attenuation at 1000 eycles
and maximum attenuation at the second
harmonice frequency, 2000 c¢yeles. The input
and output coils of this unit are tapped so
that the filter ean be used with different
terminating impedances.

FEATURES: > Low attenuation at 1000 eyeles.
> Sharp cut-ofl with maximum attenuation at
second harmonie.

Tune Cut-Off Fregueney

5000 or 5009 to
830-R
(500

GENERAL RADIO COMPANY

l' m ‘]'M'dﬂ' nee

‘ 1000 cycles< 50,000, 5000, 500 or

> May be worked from a vacuum tube (plate
resistance 5000 ohms) or a 500-ohm line into
a circuit of almost any impedance with satis-
factory results.

SPECIFICATIONS

Attenuation Characteristic: Sce nccompanying curve.
Voltage Limit: Voltages up to 3 volts at any frequency
may be applied to the 500-olun input or 10 volts at the
5000-ohm  input  without significantly  altering  the
response curves. At higher voltage levels, slight shifts in
the frequency of the attenuation peaks may be expected.
Terminals: Soldering lugs.

Dimensions: (Ieight) 414 x (width) 3% x (depth)
4 inches overall,

Net Weight: 314 pounds.
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FREQUENCY IN CYCLES PER SECOND

Code Word Price

Band Pass | FILTERROTE $42.00

/ | |
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METERS

In the following section of the catalog
are deseribed general-purpose meters of
several types and one specialized instrument,
the Typr 1501-A Light Meter. The general-
purpose meters include vacuum-tube volt-
meters for the measurement of alternating
voltages over very wide ranges of frequencies,
oxide-rectifier meters for measuring input
voltage and output power, principally in the
audio range, vacuum-tube voltmeters for
measuring direet voltage where negligible
current can be taken from the source, and
megohmmeters for the measurement of high
resistances ranging to two million megohms.
The Light Meter integrates light intensity
with respect to time, providing an exposure
index for color photography with electronie
speed lights.

Meters of all these types represent pioneer
work of the General Radio Company. The
first instrument combining a diode peak
rectifier with a degeneratively stabilized d-e
amplifier to indicate the rectified voltage was
introduced in 1937, Advantages of this
arrangement are wide frequency range, high
inherent. stability, a convenient ecircuit for
obtaining a multi-range meter, and a cali-
bration substantially independent of tube
characteristics. Voltmeters of this type are
now used in every conceivable type of
application. This type of circuit is the basis
of both the highly-precise, wide-frequency-
range T'ype 1800-A Vacuum=-Tube Voltmeter,
for measuring both a-¢ and d-¢ potentials,
and the economical Tyre 1803-A Vacuum-
Tube Voltmeter for measuring a-¢ potentials
over a somewhat narrower frequency range.
The excellent characteristies of these meters
and other GR meters are compuared on these
two pages.

The first megohmmeter was introduced in
1936 and applied the degenerative vacuum-

i
g
i
¢

FREQUENCY FOR 0% ERROR

180 GENERAL

tube d-c meter to the conventional ohmmeter
cireuit, In this application the degenerative
circuit not only gives stability and linearity.
but permits a large voltage swing to take
pl:u't- in the grid cireuit of the tube and
greatly increases the effective input resistance
resulting from grid current. The Tyre 1862-A
Megohmmeter, using this eireuit, measures
insulation resistance with the standard 500-
volt test potential applied to the sample.

General Radio Company also pioneered in
the application of oxide rectifier meters to
communication problems. The first constant-
resistunce output power meter of this kind
was introduced in 1929 and was followed by
the Tyrr 383-A Output Power Meter com-
bining the oxide rectifier meter with a resistive
load and a tapped transformer, providing a
sensitive audio-frequency power meter for
load resistances varying over a range of
K000 to A larger model, the Typr 783-A
measures power up to 100 watts,

VOLTMETER CHARACTERISTICS

An important group of meters comprises
the a-¢ voltmeters intended for use up through
the radio-frequency range. These are the
Typres 1800-A and 1803-A  line-operated
Vacuum-Tube Voltmeters. In addition there
is the combination of the Tyrre S74-VR
Voltmeter Rectifier and the Type 874-VI
Voltmeter Indicator deseribed in the Coaxia
Flements section of the (':nl;llnf.;. It is useful to
compare these instruments in regard to upper
frequency limit, input resistance and capaci-
tance, sensitivity and voltage range and
finally the response to different types of
waveforms,

Figure | gives the frequency at which reso-
nance in the diode input eireuit introduces an
error of 10 per cent, and shows curves [or the
corresponding reduction in the input resisi-

Fraune 1.
Curves of input parallel re
sistance ol different Gieneral
Radio voltmeters., The fre
quency at which resonance
in the input circuit in

troduces a 109 error is

given at the bottom of the

figure.

QET4. RV ©
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ance. The curves are generally similar in
shape, and it will be noted that the 10 per
cent error point for the vacuum-tube volt-
meters occurs at a frequency where the input
parallel resistance has dropped to a value of
the order of 10 kilohms. All the meters are
useful for comparison measurements well
heyond the frequency limits given in the plot,
or for voltage measurements if a calibration
is made.

In the General Radio Standardizing Lab-
oratory, each voltmeter calibrated by
means of a highly precise potentiometer
against a standard cell certified by the Bureau
of Standards. Precise a-c¢ calibration voltages
are obtained by comparison with the d-c
standard cell. Meters are individually aged
and are checked for accuracy and drift over
a sufficiently long period of time to assure
that they will remain well within specified
accuracy.

In Table I are given the input capacitances
of the meters and of the meters with external
multipliers. It will be noted that the capaci-
tive-type multiplier used with the Typr
1800-A Vacuum-Tube Voltmeter considerably
reduces the input capacitance (and the losses
as well). The resistive multiplier for the
Type 1800-A Vacuum-Tube Voltmeter, on
the other hand, increases the input capaci-
tance and lowers the frequency limit.

Figure 2 gives comparative data on voltage
range and sensitivity. It will be seen that the
Typre 1800-A and the Tyre 1803-A measure
from 0.1 to 150 volts directly. 10 : 1 ratio
multipliers, Tyrr 1800-P3 for low frequencies
and Type 1800-P2 for high frequencies are
available for the Type 1800-A Voltmeter.
These multipliers extend the range of the
instrument to 1500 volts. The Tyru 874-VIR,
VI combination deseribed on pages 128 and
129 is intended for voltage measurements in

1S

METERS

TYPE 1800-A

Ficure 2. Voltage ranges of the different voltmeters.
the v-h-f and u-h-f range. It covers 0.1 to 2
volts in a single range.

All the voltmeters which have been com-
pared are essentially peak reading instru-
ments, except that the vacuum-tube volt-
meters on the more sensitive ranges approach
a square-law characteristic. Although a peak-
reading instrument is less useful than some
other types for measuring the value of the
fundamental component of a complex wave-
form in the presence of harmonics, the high
stability of the peak instrument and its in-
dependence of tube characteristics makes it
preferable for a large proportion of communi-
cation measurements, Except on very sharply
peaked waveforms the lowest range of the
Tyer 1800-A Vacuum-Tube Voltmeter can be
used with an external multiplier to read the
r-m-s value of complex waveforms.

TABLE 1
Voltmeter Input Capacitance with and without
External Multipliers
Inpud Capacitance

Meter (upuf)
Tyre 1803-A 10
Type 1800-A 4 P3 (resistive multiplier) 10
Tyre 1800-A with probe cap and plug 4.3
Tyre 1800-A without probe ecap or plug 3.1
Tyrre 1800-A-4P2 (eapacitive multiplier)
with cap 2.0
Tyre 1800-A<4P2 without eap 1.5

CLASSIFICATION OF METERS

Nominal See
Tupe Name Quantity Mrasured Range Accuracy Power Supply Page
1800-A | Vacuum-Tube Voltmeter | Volts, A-C or D-C | 0.1-150% ’ 29, A-C Line 182
1803-A Vacuum-Tube Voltmeter A-C Volts | 0.1-150 +-3Y%¢ .\-(7: };i!l(' 184
S74-VR | Crystal Voltmeter A-C-Volts 0.1-2 +3% A-(* Line for 128
T4V Calibration
1862-A | Megohmmeter Megohms 0.5-2.000,000 +3Y% A-C Line 186
H83-A | Output Power Meter Power 0.1 mw-a w +0.5 db None 188
Impedance 2.5-20,000 Q +7 7
7R3-A | Output Power Meter Power 0.2 mw=100 w 0.25 db None 189
Impedance 2.5-20,000 €2 429
546-C' | Mierovolter Voltage 0.5 uv-1 v =3 Audio Oscillator 190
1501-A | Light Meter Light 50-12,800 lumen- Batteries 191
seconds per
‘ square foot
*Multiphers ate available 1o extend rangé o 1500 volts. i
GENERAL RADIO COMPANY 181
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METERS

TYPE 1800-A VACUUM-TUBE VOLTMETER
(A-C OPERATED)

USES: The Tyrr 1800-A Vacuum-Tube Volt-
meter is a high-impedance wide-range volt-
meter which can be used not only for measure-
ments at audio and radio frequencies up to
several hundred megacycles but also at de.

In addition to its use as a voltmeter, the
Typr 1800-A can be used, with the special
50-ohm  terminating resistor which is fur-
nished, to measure current and power in the
termination of lines or other locations.

Although ecalibrated in r-m-s values of
approximately sinusoidal voltages, the volt-
meter can be used, except on the lowest voli-
age ranges, to determine the peak value of
a complex voltage wave.

A~C INFUT

DESCRIPTION: The high-frequency probe con-
tains an acorn-type diode rectifier connected
by very short leads to the input capacitor,
which i1s a small button-type unit mounted
on a low-loss insulating dise. Except for the
small area of this insulation at the front, the
probe is completely shielded. A metal cap
screws onto the end of the probe and is used
to attach various fittings and terminations to
the probe input. The cable, which also sup-
plies heater power to the diode in the probe
carries the rectified voltage to a d-¢ amplifie
and indicating meter in the cabinet of the
instrument.

The d-¢ amplifier consists of a balanced
twin triode operating in a highly degenerative
circuit, The rectified alternating voltage is
applied directly to the control grid of one
triode, and a diode, which serves only to
balance the effect of the initial-velocity cur-
rent in the reetifying diode, is connected to
the control grid of, the second triode. De-
generation is obtained by connecting another
twin triode in the cathode cireuit of the ampli-
fier. The indicating meter is connected in
series with preecision resistors between the
cathodes of the amplifying twin triodes. The
change from one voltage range to another is
made by changing the value of this series
resistance.

FEATURES: > High input impedance.

> Mirror-type secale.

> Accurate measurements at frequencies uj
to several hundred megacyveles can be made.
because the small probe makes possible very
short leads. The plug terminals on the probe
can be removed to shorten the leads still
further, or other fittings or terminations can
be used instead.

> Excellent low-frequency response.

> Calibration is substantially independent of
tube characteristics.

> The three highest a-c scales are practically
linear, and there is sufficient overlapping of

182 GENERAL RADIO COMPANY
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the various ranges so that all readings can be
made well up on the scale.

> One zero adjustment control serves for all
ranges, and resetting is not required from
range to range.

> A regulated power supply eliminates fluc-
tuations in the zero setting or in the meter
readings over a wide range of line-voltage
variations,

> Probe cap can be screwed to ground plane
to make inductance of ground connection
negligible

> A Typre 874 Coaxial Connector is supplied
for the probe.

> A 50-Q coaxial resistance is supplied.

> Handle detents into position at right angles
to panel to form support with panel at 30° to
horizontal,

METERS
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Plots showing ratio of applied voltage to indicated
voltage as & function of frequency for various values of
indicated voltage, taken with cap on but plug removed.

SPECIFICATIONS

Voltage Range: 0.1 to 150 volts, ne, in six ranges
(0.5, 1.5, 5, 15, 50, and 150 volts, full seale); 0.01 to 150
volts, de, in six ranges (0.5, 1.5, 3, 13, 50, and 150 volts,
full seale),

Multipliers: Multipliers are available for increasing the
range to 1500 volts, See page 185.

Accuracy: DC, £29 of full scale; AC, =29 of full
seale for sinusoidal voltages, subject to frequency correc-
tion (see curve). Because of the change in resistance of
the meter movement, the sensitivity of the lowest two
runges  changes slightly  with temperature and upon
wurming up of the instrument. The total warm-up
deerease in sensitivity is about 197 of the indicated value
on the Li-volt range and 3 to 497 of the indieated value
on the 0.5-volt range. About one-half of this drift occurs
in the first hour. The exlibration is set to be correet after
wmlph-u- warm-up.

Waveform Error: On the higher a-c voltage ranges, the
nstrument operates as a peak voltmeter, calibrated to
read r-m-s values of a sine wave, or 0.707 of the peak
value of a complex wave., On distorted waveforms the
pereentage deviation of the reading from the r-m-x value
may be as large as the percentage of harmonies present.
On the lowest range the instrument approaches r-m-s
aoperation.

Frequency Error: At high frequencies, resonance in the
input circuit and transit-time effects in the diode rectifier

View of probe for Type 1800-A Vacuum-Tube Voltmeter
partly  disassembled. In the foreground are shown
accessories supplied with the instrument.

i

Type

introduce errors in the meter reading. The resonance
effect causes the meter to read high and is independent
of the applied voltage. The transit-time error is a fune
tion of the applied voltage and causes the meter to read
low. The accompanying curves give the frequency
correction for several different voltage levels. It will be
noted that at low voltages the transit-time and resonance
effects tend to cancel, while at higher voltages the error
is altnost entirely due to resonance. The resonant fre-
queney with eap on but plug removed is about 1050 Me.

This voltmeter may be used at frequencies as low as
20 eyveles with a frequeney error of less than 29,

Input Impedance: At low frequencies the equivalent
parallel resistance of the a-c¢ input circuit is 25 megohms,
At higher frequencies this resistanee is reduced by losses
in the shunt eapacitance. The equivalent parallel eapaci-
tance at radio frequencies is 3.1 puf with the probe eap
and plug removed. At audio frequencies this eapacitance
inereases slightly. The probe cap and plug add approxi-
mately 1.2 puf, The plot on page 180 gives the variation
of R, with frequency.

On the d-¢ ranges two values of input resistance are
provided, 10 megohms and open grid.

Power Supply: 105 to 125 or (210 to 250) volts,
ae, 50 to 60 cyeles. The instrument incorporates a
voltage regulutor to compensate for supply variations
over this voltage range. The power input is less than
25 waltts,

Tubes: 2—9005 1—G6SL7-GT
1—6SU7-GTY 1—6ATO
164 1—6X5-GT
1—3-4 2—991

The tubes are supplied with the instrument.
Accessories Supplied: A line connector cord, spare
fuses, Tyre 274 and Type S74 terminations, and 50-ohm
couaxial terminating resistor for probe.

Mounting: Black ecrackle finish alumimun panel
mounted in a shicelded walnut cabinet. The cable and
probe are stored in the cabinet. The currying handie
can be set as a convenient support for the instrument
when placed on a benech with the panel tilted back.
Dimensions: (Width) 73§ x (depth) 713 x (height) 111
B { s I 2

inches, over-all,

Net Weight: 13%; pounds.

Code Word Price

1800-A
PATENT NOTICE.

See Notes 2, 3, and 4, page vi.

GENERAL RADIO COMPANY

| Vacuum-Tube Voltmeter . .. ..

DUCAT $395.06 ol
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METERS

TYPE 1803-A

USES: The Tyre 1803-A Vacuum-Tube Volt-
meter is a  high-quality, low-priced, a-¢
operated voltmeter for measuring a-¢ volt-
ages between 0.1 volt and 150 volts at fre-

VACUUM-TUBE VOLTMETER

l{lll'!\l‘il‘.\' up to about 100 lln'ﬂ;u"\‘-r'll-r-‘.. It is an
extremely useful instrument in the electronics
laboratory, where most of the measurements
to be made do not require the greater fre-
queney  range :mif extra leatures of more
expensive instruments,

DESCRIPTION: The voltmeter is a peak-re-
sponding instrument and consists of a diode
rectifier mounted in a probe, followed by a
d-¢ amplifier and indicating meter. One diode
i used to rectify the w-¢ voltage under
measurement, The other balances the effeet
of the initial velocity current of the first. The
d-¢ amplifier uses a twin triode in a degenera-
tive, balanced cireunit. A-C power supply is
built in, and the entirve assembly is housed in a
cabinet of heavy-gauge aluminum.

FEATURES: > Meter is lurge and casily read.
> Provision is made for storing the probe on
the side of the cabinet. When probe is thus
mounted, voltages to be measured can he
connected directly to its terminals,

> Probe is completely shielded to eliminate
the elfect of extraneous pickup.

> Zero adjustment is common to all ranges.
> Balanced cireuit minimizes variation of in-
dication with line-voltage changes.

> Simple construction results in low price
without sacrifice of quality.

SPECIFICATIONS

Voltage Range: 0.1 to 130 wvolts, ac, in five ranges
(1.5, &, 15, 50, and 150 volis, full seale).
Accuracy: =4 of full scale on all ranges, for sinusoidal
voltages, subject to frequeney correction above 50 mega-
eveles, Correction curve supplied in instruction book (see
accompuanying plot).
Waveform Error: The instrument is peak responding
and indieates r-m-= value of a sine wave or 0.707 times
peak value of n complex wave, On diztorted waveforms
the percentage deviation of the reading from the r-m-s
value may be as great as the percentage of harmonies
present.
Frequency Error: The accompanying plot gives the
frequency correction for several different voltage levels.
At low voltages the transit<time and resonance effects
tend to cuncel, while at higher vo
entirelv due to resonance. The re
about 410 Me,

At low frequencies the response drops off because of

res the error is almost

sonant frequency is

the increasing reactance of the series capacitance of the
input eircuit. At 20 eyeles per second the drop is 29 or
less.

Input Impedance: The equivalent a-¢ input eireuit is
a resistanee in parallel with o ecapacitance. At low fre-
quencies the equivalent parallel resistance is 7.7 meg-
ohms. At high frequencies this resistance is reduced by
losses in the shunt eapacitance. The equivalent parallel

N :,,,I)I‘“", H

1803-A

184

| Vacuum-Tube Voltmeter. ...........|

ecapaeitance at radio frequencies is 10 pufl. At audio fre-
quenecies the eapneitunce inerenses to 115 pef. The plot
on puge 180 gives the high-frequeney variation of Rp.
Accessories Supplied: One Type 274-M 13 Double Plug;
2 volor-coded test leads; 2 test prods; 2 alligator elips.
Power Supply: 103 to 125 (or 210 to 250) volts, 50 to G0
eyeles. The power input is about 11 watts,
Tubes: 1—0ALS I—6SU7-GTY
All are supplied,

Dimensions of Cabinet: (Width) 714 x (depth) 67{¢ x
theight) 1134 inches, over-all. Probe in storage position
adds 1 ineh to width,

Net Weight: 914 pounds

1—6X5-GT

Ratio of applied wvoltage to indieated voltage versus

frequency for various values of indiested voltage.

( ‘ode Word Price

$155.00

ABOOM |

GENERAL RADIO COMPANY
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METERS

MULTIPLIERS
FOR TYPE 1800-A VACUUM-TUBE VOLTMETER

TYPE

This multiplier extends the a-c voltage
range of the Tyer I1800-A Vacuum-Tube
Voltmeter to 1500 volts. It consists of a
capacitive voltage divider which provides a
ten-to-one  reduction between the voltage
applied to the multiplier and the voltage
appearing across the voltmeter terminals.
The multiplier serews on to the end of the
voltmeter probe, adding about two inches
to its length.

SPECIFICATIONS
Multiplication Ratio: 10 :1 =45%., as received, An
adjustment ig provided to permit the user to match the
multiplier to his Typr 1800-A Voltmeter to better than
4195 aceuracy.
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FREQUENCY-Mc

Frequency Characteristic: Sce plot. The multiplier is
not recommended for use below 100 ke.

At high frequencies, the multiplier does not affect over-
all voluneter response.

1800-P2 HIGH-FREQUENCY MULTIPLIER

Input Impedance: Iquivalent input resistance of
voltmeter-multiplier combination is approximately 100
times that of voltmeter alone.

Equivalent parallel ecapaeitance is 1.5 puf with the
probe cap and plug removed. The latter add approxi-
mately 0.5 upf.

Dimensions: (Length) 2% x (diameter) 1% inches,
over-ull,
Net Weight: 4 ounces.

Type Code Word  Price
1800-P2 | Multiplier. .. .. .. .| amove | $18.00

TYPE 1800-P3 LOW-FREQUENCY MULTIPLIER

LOW=-FR UENG
1O MULTIPLIE

TRE
Boo-vd

GENERAL
CAMBRISEE

This multiplier extends the range of the
Tyer 1800-A Vacuum-Tube Voltmeter to

1500 volts for both d-¢ and low-frequency a-c
measurements. The multiplier plugs into the
binding posts on the voltmeter panel. For d-c
measurements a fixed resistance voltage
divider is used giving a 10 : 1 reduction in
the voltage applied to the voltmeter. For a-c
use the multiplier consists of a capacitance-
resistance voltage divider.

The Type 1800-P3 Low-Frequency Multi-
plier is not intended for use at frequencies
above 100 ke. For frequencies above this
value the Tyrr 1800-P2 Multiplier should
be used.

SPECIFICATIONS

D-C Multiplication Ratio: 10 : 1 ==1.59,.

Sine-Wave A-C Multiplication Ratio: 10:1 57,
1= furnished, from 20 cyeles to 10 kiloeyeles.

Frequency Characteristic: Adjustments are provided
to permit the user to mateh the multiplier exactly to his
Fypre 1800-A Voltmeter at any desired frequency from
20 eyeles to 5 Me, When multiplier is adjusted for zero
error at 1 ke and at 15 ke, the frequeney error will be less
than 439 from 20 cycles to 20 kiloeyeles, and less than

kiloeyeles unless adjusted for use at a fixed frequency.
Waveform: Errors in multiplication ratio may be as
large as the percentage distortion of the signal.

Input Impedance: 10 megohms shunted by 10 pgf.
Dimensions: 5 x 2 x 2 inches, over-all,

Net Weight: 8 ounces.

e < Type Code Word  Price
+5" up to 100 kiloeycles. — = s Rd bl o ;
The multiplier is not recommended for use above 100 1800-P3 | Multiplier............ | ApHOR | $35.00
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METERS

MEGOHMMETER
e - e

MULTIPLIER

TYPE 1862-A MEGOHMMETER

USES: The Tyrr 1862-A Megohmmeter is a
rugged a-e operated instrument that indieates
directly on a meter resistance values up to
two million megohms. The voltage across the
unknown is constant at 500 volts, a value
widely acceepted as standard for insulation-
resistance measurements,

As a consequence, though useful in the more
obvious application of measuring common re-
sistors in the megohm range, the Typr 1862-A
Megohmmeter is especially suited for measur-
ing lenkage and insulation resistance of elec-
trical machinery, transformer windings,
cables, control circuits and other equipment
in power plants, communications installations,
railway-signal and lighting systems.

The inherent low time constant of the test-
ing circuit and the stabilized power-supply
circuits permit rapid and accurate measure-
ment of the parallel resistance of capacitors.

Guard and ground terminals permit meas-
urement of the grounded and ungrounded
sections of three-terminal resistors,

DESCRIPTION: As in the conventional ohm-
meter, the cireuit of the Typr 1862-A Meg-
ohmmeter consists of a power supply, a
complement of resistance standards and an
indicating meter. To insure a constant voltage
across the unknown resistance, the 500-volt
power supply is stabilized against line-voltage
fluctuations, and the voltage across the resist-
ance standard is made negligibly small com-
pared to the voltage across the unknown. The
idicator is a balanced d-¢ vacuum-tube
voltmeter of two-volts full-scale sensitivity
and of very high input resistance.

FEATURES: » Rugged, direct-reading and
simple to use.

> Constant 500 volts applied to unknown
resistance,

» Voltage can be removed from unknown
terminals by setting switch to CHECK or
DISCHARGE positions, thus permitting con-
nections to be made without danger of shock.
> Guard and ground terminals are provided.

186 GENERAL RADIO COMPANY
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> Test leads are furnished.
> Can be used with an external variable volt-

METERS

age source to measure voltage coeflicient of
resistance.

SPECIFICATIONS

Range: 0.5 megohm to 2,000,000 megohms, There are
six decade runges, as selected by a multiplier switeh.
Scale: Each resistance de
utilizes 907, of the meter seale. Center-seale values ure
1, 10, 100, 1000, 10,000 and 100,000 megohms.
Accuracy: The ae i
up to 50,000 megolims is 23"

ade up to 300,000 megohms

ey in per cent of indieated value

at the low-resistance end

)

of each decade, increasing to ¢ at the high-resistance

end. There ean be an additional =2, error over the top
decade.

Voltage on Unknown: The voltage applied to the un-
known resistor is 300 volts, Over a 105-125 volt range in

supply-line voltage and over the resistance range of the

instrument, the variation in voltage across the unknown
resistor will be less than =29, . At resistance values below
0.5 megohm, the applied voltage drops to limit the cur-
rent to safe values.

Terminals: In addition to terminals for connecting the
unknown, ground and guard terninals are provided. At

two positions of the panel switch, all voliage 1= removed
from all terminals to permit connection of the unknown
in safety. In one of the positions, the UNKNOWN
terminals are shunted to discharge the eapacitive com-
ponent of the unknown. All but the ground terminal are
insulated.

Calibration Check: A switeh position is
standardiz
Design:

wrovided for

ng the ealibra
¢

¢ field applications are more severe than

Tupe

1862-A

Megohmmeter. . ...........

laboratory use, the i ment, including its panel meter

was designed to be unusua

Iy rugged. The carrving case
can be completely closed; accessory power eable and test
leads are carried in the ease. Controls are simplified for
use by untrained personnel
Tubes: Supplied with the instrument:

1 — 12AU07 1 —2X2-A

1 —0OB2 1l — 604

1 — 6X4 | —6AUB

1 — 5651

Controls: A switeh for selecting the multiplying factor,
a control for standardizing the ealibration, a control for

setting the meter to the infinity reading and a power
switeh,

Mounting: The instrument is assembled on an aluminum
panel finished in black-crackle lacquer and is mounted

in an aluminum eabinet with black-wrinkle finish and
with black-phenolic protective sides. The aluminum-
cover finish is black wrinkle, The case is provided with a
earrving handle.

Power Supply: 115 (or 230) volts at 40 to 60 eycles.
The power input is approximately 25 watts.
Accessories Supplied: Two color-coded test leads with
phone tips, two insulated probes, two alligator elips and
a Tyre 274-MB Plug.

Dimensions: (Height) 101" x (width) 914" x (depth)
1134”, over-all.

Net Weight: 1519 pounds.

Code Word Price

JUROR

U

MULTIPLIER

The Tyre 54-B Megohm Bridge, a bridge-type instrument for resistance measure-
ments in the megohm range, is deseribed on page 78.
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METERS
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TYPE 583-A
OUTPUT-POWER
METER

USES: The output-power meter reads directly
the amount of audio-frequency power that a
source is capable of delivering into any desired
load. Thus the elfect of load impedance on
power delivered can be easily measured, and
the characteristic impedance of telephone
lines, phonograph pickups, oscillators, and
similar equipment ¢an be found by observing
the impedance which gives the maximum
reading on the instrument,

In testing radio receivers the Type 583-A
Output-Power Meter is very useful as an
output indicator for standard selectivity,
sensitivity, band-width, and fidelity tests,
and an auxiliary decibel seale is furnished on
the meter for this purpose.

DESCRIPTION: This instrument may be con-
sidered to be an adjustable load impedance
across which is connected a voltmeter that is
calibrated directly in watts lost in the load.
Actually the input is connected through a
multitap transformer and a resistance net-
work to an output meter.

FEATURES: » The power range covered is
50,000 : 1 and the impedance range 8000 : 1.
> All readings can be made directly and
quickly,

> Considerable overloads, for short periods
of time. ean be handled by the reectifier-type
voltmeter used as the indicating element.

SPECIFICATIONS

Power Range: 0.1 to 5000 milliwatts in four ranges (5,
a0, 300, 5000 milliwatts, full seale). The copper-oxide
metor is calibrated from 1 to 50 milliwatts with an auxil-
iary seale reading from 0 to 17 decibels above a reference
level of 1 milliwatt. With the multiplier the total range
is — 10 to 437 decibels above 1 milliwatt,

Impedance Range: 2.5 to 20,000 ohms. FForty discrete
impedances, distributed approximately logarithmieally,
are obtained by means of a ten-step OHMS dial and a
four-step MULTIPLIER.

Accuracy: The accuraey of both power and impedance
measurements  varies with frequency. The maximum
error in full-seale power reading does not execeed 0.5
decibel between 150 and 2500 eveles, nor does it exceed
1.5 decibels ot 20 and 10,000 eyveles, The average eorror
is 0.3 decibel at 30 and 3000 eyeles, and 0.6 decibel at
20 nnd 10,000 eyeles.

The maximum error in impedance does not exceed 7%
betweep 130 and 3000 eyeles, nor does it exceed 507, at
20 and 10,000 eyeles. The average error is 8%, at 30 and
5000 eyeles and 2007 at 20 and 10,000 eyeles.
Waveform Error: The indicating instrument used is a
copper-oxide rectifier-type meter, calibrated in r-m-s

Tupe

583-A | Oui;:t-Power Meter. .............. |
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values for a sinusoidal applied voltage. When non-
sinusoidul voltages are applied, an crror in indication
eun oceur, sinee the meter is not 4 true r-m-s indicating
device, The error will depend on the magnitude and
phase of the harmonies present, but with waveforms
normally encountered in communieations work, will not
be serious.

Mounting: The instrument is mounted on an aluminum
panel in a walnut eabinet.

Dimensions: (Length) 10 x (width) 7 x (height) 6
inches, over-all,

Net Weight: 814 pounds.

VARIABLE RATIO
THANSF ORMER

Code Word Price

$145.00

ABUSE
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METERS

TYPE 783-A OUTPUT-POWER METER

USES: The Tyre 783-\ Output-Power Meter
is a direct-reading instrument for measuring
the power output of audio-frequency circuits.

Some of its specific uses include the testing
of amplifiers, transformers, and other net-
works. It is particularly useful for simulating
loud-speaker or other load impedances in
testing the output characteristics of high-
power audio systems. since it will measure
power outputs as high as 100 watts. It is
sufficiently sensitive, on the other hand, to
be useful for measurements on very low-level
cireuits.

DESCRIPTION: IFunctionally the Tyrr 783-A
Output-Power Meter is equivalent to an ad-
justable load impedance across which is con-
nected a voltmeter that is calibrated divectly
in watts dissipated in the load.

FEATURES: > A power range extending to
100 watts is provided by this meter.

> Irequency and impedance characteristices
are improved over those of the smaller I'ype
583-A Output-Power Meter.

> The auxiliary decibel seale is a convenience
for many types of measurements.

SPECIFICATIONS

Power Range: 0.2 milliwatt to 100 watts in five ranges
(10 and 100 milliwatts, 1, 10 and 100 watts, full scule).
An auxiliary deeibel scale on the meter reads from —10
to 10 decibels above a reference level of 1 milliwatt,
With the multiplier the total range is — 10 to 4350 deci-
bels above 1 milliwatt,

Impedance Range: 2.5 to 20,000 ohms. Forty discrote
impedances, distributed approximately logarithmieally,
are obtained by means of a ten-step OHMS dial and a
four-step MULTIPLIER.

Impedance Accuracy: The input impedance is within
427 ol the indieated value, except at the higher audio
frequencies, where the error for the higher impedance
settings may exceed this value. At 15,000 exeles the input
impedance error is about 57 for impedances from 10,000
1o 20,000 ohms.

Power Accuracy: The indicated power is aceurate to
#40.25 db at full-seale reading. At the lowest impedance
multiplier setting (2.5 to 20 ohms) there may be an addi-
tional error of 0.2 db due to switch contact resistance
when the power multiplier is set at 10 (10 to 100 watt
range).

The over-all frequency characteristic of the power
indication is flat within 0.5 db from 20 eyveles to 10,000
eyeles; within -£0.75 db to 15,000 eycles.

Waveform Error: The indicating instrument used is a
coppor-oxide rectifier meter, calibrated in r-m-s values
for a sinusoidal applied voltage. When non-sinusoidal
voltages are applied, an error in indieation can occur,

Type
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since the meter is not a true r-m-s indicating deviee, The
crror will depend on the magnitude and phase of the
harmonies present, but, with waveforins normally en-
countered in mensurement ecircuits at communications
frequencies, will not bhe serious,

Temperature and Humidity Effects: Humidity condi-
tions have a negligible effect on the accuraey of the
instrument,

The instrument is ealibrated at 77° Fahrenheit and, if
the ambient temperature departs widely from this value,
additional errors of indieation may be expected. At high
temperatures (95° Fahrenheit) this additional error may
approach the nominal ealibration error, particularly at
the higher frequencies,

The instrument is so designed that the heat dissipated
by the instrument itsell has a negligible effect on the
accuracy.

Mounting: The instrument is mounted on a phenolic
panel in a walnut cabinet.

Dimensions: S x 18 x 7 inches, over-all,

Net Weight: 17 pounds,

('u-'l'r' ”’!)i‘t! Prr'rn

783-A

| Output-Power Meter. . ............ ]

ABBEY | $350.00

GENERAL RADIO COMPANY 189

"A3| File Courtesy of GRWiki.o,
@ e



METERS

TYPE 546-C AUDIO-FREQUENCY MICROVOLTER

USES: The Tyrr 546-C Audio-Frequenecy
Microvolter used in conjunction with an
oscillator is a useful source of small, known,
audio-frequency voltages. In measuring the
response of amplifiers, transtormers, and other
audio equipment, such a source of known in-
put voltage is extremely valuable. The miero-

volter can also be used to measure other small
voltages by substitution methods.

DESCRIPTION: This instrument consists, es-
sentially, of a constant impedance attenuator
and a voltmeter by means of which the input
to the attenuator is standardized. A switch
controls the output voltage in decade steps
while an individually calibrated dial provides
continuous control over each decade.

FEATURES: > An excellent frequency charac-
teristie, extending from very low frequencies
up to 100,000 cyecles, is available in this
instrument.

> lixcellent aceuracy is obtainable for abso-
lute voltage levels as well as for voltage
ratios, which are all that are needed in gain
or loss measurements.

> Decibel scales, in addition to the voltage
calibration of the meter and multipliers, are
provided. These scales make it possible to
obtain directly relative response characteris-
ties in decibels,

SPECIFICATIONS

Output Voltage Range: I'rom 0.5 microvolt to 1.0 volt
open cireuit, when the input voltage is set to the stand-
ardized reference value,

Accuracy: I'or open-circuit output voltages the calibra-
tion iz aceurate within (3% -+ 0.5 microvolt) for out-
put settings above 1 microvolt and for all frequencies
between 20 and 20,000 cyeles. For higher frequencies up
to 100 ke the ealibration is aceurate within 459 for
output settings above 100 microvolts, These specifica-
tiong apply only where waveform and temperature errors
are negligible (see below).

In ealenlnting ratios of output voltages, at a given
frequency, the aceuraey of any given reading can be
considered to be within 4(2% - 0.5 microvolt), at
frequencies up to 100,000 eveles. At frequencies above
20 ke this seccuracy applies only at levels above 100
microvolts,

The microvolter can be used on de by using an external
d-¢ meter or by calibrating the internal meter for de.
Output Impedance: The output impedance is approxi-
mately 600 ohims und is constant with setting within
+8%. This impedance is sufficiently low so that no
correction on the output voltage is necessary for load
impedances of the order of 100,000 olims and greater.
Input Impedance: Approximately 600 ohms, substan-
tinlly independent of output setting on all but the highest
multiplier position,

Waveform Error: The accuracy of the microvolter as
u ealibrated sttenuator or voltage divider is independent
of waveform. The absolute aceurney of the output voltage
calibration depends on the charncteristies of the input
copper-oxide rectifier voltmeter, which has a small wave-
form error that depends in turn on both the phase and

Tupe
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| Audio-Frequency Microvolter®. .. . .. |

the magnitude of harmonies present in the input. This
error in the voluneter ean, in general, be neglected when
the microvolter is used with ordinary laborstory oscil-
lators. The rectifier-type volumeter itself introduces some
distortion unless the source impedance iz very low. With
a 600-ohm source the distortion introduced is ahout 0.2%,.
Temperature Error: The accuraey of the calibration is
independent of temperature when the microvolter is used
as an attenuator or voltage divider, The absolute aceu-
racy is affeeted slightly by temperature beeause of change
in the voltmeter charneteristies, The necessary correction
for temperatures from 65° to 95° Fuhrenheit is furnished
with the instrument., The effects of humidity are negligible.
Power Source: The driving oscillator must be eapable of
furnishing about 2.2 volts aecross 600 ohins, or about 8
milliwatts,

Terminals: Jack-top binding posts are mounted on
standard 44-inch spacing.

Mounting: The instrument is mounted on an aluminum
panel in a shielded walnut eabinet,

Dimensions: (Length) 10 x (width) 714 x (height) 614
inches, over-all,

Net Weight: 614 pounds,

CONTINUOUSLY VARIABLE
ouTMuT

STEPPED AT TENUATORS

Cade Ward

CROWN |
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METERS

TYPE 1501-A LIGHT METER

USES: The General Radio Light Meter is a
photographic exposure meter for use primarily
with electric flash lamps of the xenon type,
commonly called “speedlights™ or “strobe
lights.” It is particularly useful in the pro-
fessional studio for exposure determinations
with Kodachrome and other color films. This
meter makes possible in high-speed flash
photography the same accurate exposure
standardization that the continuous light
exposure meter gives for ordinary photog-
raphy.

The meter measures the light incident on
the subject and indicates correct camer:
aperture for average subjects. In addition,
an auxiliary probe is available, which attaches
to the ground glass of the camera by means of
suction cups, so that the light actually reach-
ing the film can be measured, thus allowing
for such indeterminate factors as lens absorp-
tion, bellows extension, ete. For this type of
measurement, a white card is used as a stand-
ard subject. No calibration is supplied for
measurements with the probe, but a few test
shots will give sufficient data for the user to
determine his own calibration.

This light meter can be used to make
routine checks on the condition of electric
flash bulbs, to measure the output of a light
source, and to determine the effectiveness of
reflectors.

DESCRIPTION: The elements of the light meter
are a light attenuator, a vacuum phototube,
an integrating capacitor, and a vacuum-tube
voltmeter. Light. admitted by the attenuator
strikes the photocell, causing current to flow
through it. This current charges the eapacitor,
and the voltage across the capacitor is pro-
portional to the integral of light with respect

SPECIF

Light Range: A light range of 64 : 1 ean be measured at
mid-seale deflection, corresponding to 100 to 6400 lumen=
seconds per square foot (foot-candle-seconds). The
extreme readable range is about 50 to 12,800 lumen-
seconds per square foot.

Attenuator Range: f 3.5 to f 22 corresponding to a
range of 1 to 64 on the proportional seale.

Tubes: One RCA 1139 and one RCA 1L4.

Batteries: One Burgess 217, three Burgess XX30E.
Calibration: Meter is standardized at the factory in
terms of a calibrated xenon flashtube operated from a
known capacitor at a specified voltage. A diffusion dise
and aperturearcindividually fitted to each meter to stand-
ardize the rending.

to time. This voltage is indicated by the
vacuum-tube voltmeter, whose reading is a
measure of the total light emitted by the flash
tube.

The light attenuator consists of two
Polaroid dises, one of which ean be rotated
90° with respect to the other. The attenuator
has two secales, one a proportional scale, the
other a scale of f numbers.

The meter scale reads in lumen-seconds per
square foot (foot-candle-seconds), and has a
full-seale range of 200. The scale is direct
reading when the light attenuator is set at
1 (f3.5). A figure of 100 lumen-seconds per
square foot at f 3.5 is taken as normal ex-
posure for professional Kodachrome with
average subjects.

FEATURES: » Portable and simple to operate.
> Aperture can be read directly from attenua-
tor scale.

> Wide range of light intensities can be
measured.

> Both light incident on the subject and re-
flected light reaching the camera ground glass
can be measured.

ICATIONS

mum sensitivity in the blue-green portion of the visible
spectrum.

Response Speed: l'or reliable results the flash should
be 1 20,000 second (50 microseconds), or more, in
duration.

Accessories Supplied: Tubes, batteries, diffusion dise,
plug for flash synchronizing eireuit.

Other Accessories Available: A probe for light meas-
urements at the eamera ground glass is available at extra
cost, See price list below.

Mounting: Walnut eabinet with hinged cover. Base of
enbinet carries a tripod socket.

Dimensions: (Width) 7 x (height) 614 x (length) 11
inches, over-all,

Spectral Characteristics: The phototube has maxi- Net Weight: S1¢ pounds.
Type Code Word Price
1501-A Light Meter. . .. .............. y COCOA $205.00
1501-P1 Proba. ..o iun R R e e Giinia DANDY 26.50

PATENT NOTICE. See Note 6, page vi.
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RADIO STATION MONITORS

Radio transmitting stations engaged in various
broadeasting serviees are required by regulations of
the Federal Communieations Commission to use
monitoring equipment that gives continuous indica-
tions of the frequency and the modulation level of the
emitted signal. The General Radio Company was the
pioneer in developing measuring instruments for
broadeasting stations, having supplied specialized
frequency measuring equipment as early as 1924 and
modulation measuring equipment in 1931, Later,
when station monitors were first required by the FCC,
automatic, continuously indicating instruments were
made available by General Radio.

Frequency Monitors: The function of the frequency
monitor is to indieate the deviation of the transmitter
frequency from its nssigned channel, Fundamentally,
it consists of a frequeney standard and a means
of indieating the difference between the transmitter
frequency and that of the standard, For convenience
in measuring the difference frequency, the frequency
of the standard is usually ofiset from that of the
assigned channel, The deviation indieator is calibrated
directly in eveles (or kiloeyeles) off channel.

Modulation Meniter: Pereentage modulation for A-M
transmitters is measured by a system in which the
modulated signal from the transmitter is rectified in a
linear diode rectifier to produce an a-¢ voltage pro-
portional to the instantaneous value of the carrier
envelope and n d-¢ voltage proportional to the average
carrier amplitude, The effective ratio of the voltages
is continuously indieated by a voltmeter whose scale
is calibrated in modulation percentage. A limit eireuit
is also included which flashes a lamp whenever the
modulation exceeds a predetermined percentage.

Standard Broadcast Band: ['or the standard broadeast
frequencies, 510 to 1550 kiloeyeles, the Tyee 1181-A

Frequeney Deviation Monitor (page 193) and the
Tyre 1931-A Modulation Monitor (page 198) are
used. These instruments, which operate on the prin-
ciples outlined above are fully deseribed on the pages
indicated.

F-M Broadcast: For F-\ service, the frequency and
modulation monitors are combined in a single in-
strument. While portions of the systems used are
basically the snme as with a-m monitoring, the eircuits
are considerably more complex, partly because of the
higher frequencies involved and purtly beeause of the
stringent performance specifications that F-M moni-
itors must meet, Operating principles of this monitor
are thoroughly described on page 196,

Television: The Tyer 1IR3 Television Station
Monitor provides continuous indication of center-
frequency devintion for hoth aural and visual trans-
mitters, It also indicates percent modulation of the
aural transmitter. The 1183-T can be supplied to
cover any v-h-f and u-h-{ channel allocation, either
ofiset or non-offset. Three units make up the 1183-T
assembly, ie., the 1170-BT F-M Aural Transmitter
Monitor, the 1171-AT Visual Transmitter Frequeney
Monitor, and the 1176-AT Frequeney Deviation
Meter.

The 1183-T is deseribed on pages 194 and 195.

Mobile F-M Transmitters: For this service, FCC regu-
lations do not require station monitors, but the speci-
fieations on center frequeney and frequency deviation
make necessury their frequent measurement and ad-
justment. Equipment recommended for this purpose
consists of the Typre 1110-A Interpolating Frequency
Standard and the T'ypee 720-A or Tyre 620-A Heter-
odyne Frequency Meter, which are deseribed in the
Frequency Measurements seetion of this catalog, on
pages 215, 220, and 218,

OTHER BROADCASTING STATION MEASUREMENTS

Distortion: "I'he I'CC Standards of Good Engineering
Practice specifly maximum permissible percentage of
distortion for various broadeast services. The Tyrr
1932-A Distortion and Noise Meter (page 174) and
the Tyee 1301-A Low Distortion Oscillator (page 158)
are designed to measure transmitter distortion, as well
as carrier noise, rapidly and accurately. The Distor-
tion and Noise Meter operates from the output of
either the Tyre 1931-A Modulation Monitor or the
Tyre 1170-B (or BT) F-M Monitor. The test tone is
supplied by the oscillator,

A-M Noise in F-M Transmitters: \ convenient self-
calibrating A-M  Detector, the Tyre 1932-P1 (see
page 175) can be used with the Distortion and Noise
Meter to meassure A-M noise level in F-M trans-
mitters,

192

Antennas, Llines, Ete: The General Radio Company
manufactures an extensive line of bridges and other
impedance-mensuring  equipment  suitable for de-
termining the impedanee of antennas, lines, and phas-
ing and matching networks. For various frequency
bands, the following instruments are recommended :

Page
50 ke-5 Me Tyre 916-AL R-F Bridge... 96
400 ke-60 Me Tyre 916-A R-F Bridge.... 96

10-165 Me
50 Me-1500 Me

Tyre 1601-A V-H-F Bridge. 100

Tyrr 1602-B Admittance
Meter,.oovviinernnnnn 102

300 Me-3000 Me “T'yre 871-LLB Slotted Line.. 123

GENERAL RADIO COMPANY
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MONITORS

TYPE 1181-A FREQUENCY DEVIATION MONITOR
FOR A-M TRANSMITTERS

USES: The Tyrr 1181-A Frequency Devia-
tion Monitor indicates directly the magnitude
and direction of the frequency deviation of
a broadeast transmitter from its assigned
channel frequency. A monitor of this general
type is required for each station by the
Federal Communications Commission, and
Approval Number 1467 has been issued by
the Commission for the Tyre 1181-A.

This frequency deviation monitor can be
used to monitor A-M transmitters from a lo-
cation remote from the transmitter site, as
required in the recent FCC grants premitting
unattended operation of transmitters. The
low input signal required, (approximately 10
millivolts), permits operation up to several
miles from the transmitter with only a single
wire antenna necessary to pick up adequate
signal voltage. The antenna may be tuned to
provide additional selectivity, it desired. The
narrow [requency band of the i-f system in the
monitor usually provides adequate noise re-
jection.

DESCRIPTION: Voltages from a temperature-
controlled piezo-electric oscillator (frequency
S == 1000 eyeles) and the transmitter to be
monitored (frequency f=£ Af) are amplified
and fed to a mixer from which their difference
frequency (1000 == Af) is obtained. This audio
frequency is amplified, its peaks are clipped to
produce an essentially square waveform,
which is applied to an audio-frequency meter.
The indicator is’calibrated to read zero when
the audio beat is exactly 1000 cycles, Devia-
tions from 1000 cyeles (Af) are indieated di-
rectly as the frequency deviation of the trans-
mitter in cycles.

The monitor is a-¢ operated and is mounted
on a single relay-rack panel.
FEATURES: » Simple to install—easy to main-
tain.
> ITigh reliability for continuous service,
> Deviation indication is unaffected by
amplitude modulation.
> Deviation indication is independent of r-f
input level, over a wide range.
> Very low r-f input power.
> Positive indication of failure of transmitter
carrier is provided by signal-level pilot lamps.
A push-button test indicates whether or not
the monitor erystal voltage is adequate. Other
pilot lamps indicate heater-thermostat and
power eireuit operation.
> External deviation-indicating meter can be
connected.

SPECIFICATIONS

Deviation Range: =30 eyveles, readable to one eyele.
Carrier Frequency Range: 500 1o 2000 ke.
Accuracy: When received, within =10 parts per million,
An adjustment is provided to bring the reading into
agreement with monitoring station measurements,
Stability: Better than one part in a million under
normul operating eonditions, Adjustments are provided
to correct the indieated frequeney in terms of standard-
frequency transmissions whenever necessary.
Vacuum Tubes: The following tubes are required and
supplied with the instrument:
F—6807-GT
2—GACT
2—6116

1—5V4-G
1—6B4-G
1—0C3/VR105

Coupling to Transmitter: A few inches of wire serving
as an antenng is usually sufficient. A minimum of 10
millivolts is required into a high-impedance grid eircuit.,
Accessories Supplied: Quartz plate, line connector
cord, spare fuses, and plug for connecting an external
metor.,

Power Supply: 105 to 125 (or 210 to 250 volts), 50 to
G0 eyveles.

Power Input: 25 watts for heater eircuits, 100 watts
for monitor cireuits,

Mounting: 19-inch relay-rack panel,

Panel Finish: Standard General Radio blaek orackle,
Certain standard finishes which ean be processed in quan-
tity can also be supplied.

Dimensions: Panel (length) 19 x (height) 1534 inches.

2—HRQ7-GT 1—2050 Depth behind panel, 13 inches.
1—6V6 Net Weight: 51 pounds,
'!:_.'LI"' Code Waord Price
1181-A l Frequency Deviation Monitor. .......| MALAY |  $775.00

PATENT NOTICE, 8ece Notes 2, 5, 15, 16, puge vi. When ordering please give channel frequeney.,

GENERAL RADIO COMPANY
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MONITORS

TYPE 1183-T 7-V STATION MONITOR

USES: The Tyer 1183-T is an integrated
monitoring syvstem for television transmitters.
It provides continuous indication of fre-
quency deviation of the aural transmitter in
terms of a highly stable master crystal, and
continuous indication of the frequency devia-
tion of the visual transmitter in terms of the
same crystal. A continuous indication of
percentage modulation and an over-modula-
tion alarm for the aural transmitter are also
provided. Noise and distortion measuring
equipment and audio monitoring facilities
can be connected to the high-fidelity audio
output amplifiers in the 1183-T.

This equipment operates over the frequency
spectrum from 30 me to 900 me, covering the

frequencies assigned for transmitters in
television broadeasting.

The Tyrr 1183-T meets all vequirements of
the FCC for television services, including
those for offset operation.

DESCRIPTION: The complete monitor consists
of the following units:
1170-BT — FM monitor (see pages 196,
197).
1171-AT — Visual Transmitter
Frequeney Monitor.
1176-AT — Frequency Deviation Meter
(see page 222),

The operation of the monitor is as follows
(note block diagram on facing page): A har-
monic of the master erystal oscillator in the
Tyre 1170-BT beats with the aural-trans-
mitter carrier to produce a nominal inter-
mediate frequeney of 150 ke plus or minus
the transmitter frequency deviations (for
zero offset operation). This signal is amplified,
limited and applied. to a counter-type dis-
eriminator. The d-¢ output of the discrimin-
ator is used to operate the center-frequency
indicator. The a-e¢ output, amplified and
filtered, operates the modulation indicators
and is available at two output circuits: a
100,000 € ecireuit for distortion and noise
measurements and a 600 @ eireuit for audio
monitoring.

A harmonic of the master erystal oscillator
in the Tyre 1170-BT is fed to the Tyre
1171-AT where it is multiplied up to the same
harmonie used in the Tyrr 1170-BT and
mixed with the amplitude-modulated visual-
transmitter earrier to produce a nominal
4350-ke intermediate frequency (for zero
offset). This signal is then amplified, limited,
and mixed with the fundamental of a 4351.75
ke erystal oscillator to produce a second
intermediate frequency, which is fed to the
Tyre 1176-AT TFrequeney Deviation Meter.
This audio-frequency meter, the counter-
type, indicates visual transmitter carrier-
frequency deviation.

SPECIFICATIONS

Transmitter Frequency Range: Covers any channel
frequency assigned (channels 2 to 83, including offsets if
required, with appropriate r-f tuning units).

R-F Input Impedance: High impedance, channels 2 to
13, with capacitive attenuator for adjusting input level.
Low impedance in u-h-f range with adjustable-coupling-
loop input. The monitor ean be used with standard
RTMA transmitter-monitoring output with Tyre 874
Coaxial Connectors supplied, for both aural and visual
transmitter connections.

Input Sensitivity: For both aural and visnal monitor
inputs, 1 volt, or better, on high impedance input. 500
milliwatts, or less, on low impedance input.

Input Level Indication: Both inputs have r-f input

194

level meters, mounted on the rear of the chassis. Pilot
Immps also indieate normal input levels,

Image Frequency Check: A checking deviee is incor-
porated in the Tyre 1171-AT Visual Transmitter Fre-
quency Monitor to insure that the transmmitter frequency
is on the correct side of zero beat with respeet to the i-f
crystal frequeney.

Intermediate Frequency: 150 ke for the sural-
transmitter monitor, with zero offset, 140 ke for —10-ke
offsot and 160 ke for +10-ke offset. For the visual-
transmitter monitor, the intermediate frequencies are
4.35 me for zero offset operation, 4.34 me for +10-ke
offset und 4.30 me for —10-ke offset. The visual i-f signal
beats with the fundamental of a piezo-electrie oscillator

GENERAL RADIO COMPANY
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in the Tyre LITI-AT to produce a nominal 1.750-ke beat
note which is fed to the Tyee HHTE-A'T Frequeney Devia-
tion Meter.

Discriminators: Mulsc-counter tyvpe diseriminntors are
used in both the transmitter monitors.
Crystal Oscillators: Ma

Lions are

wiral und

vatnl oscillator specifiea-
1L70-B on page 196, The
Vizual

fundamental

ascillstor in the

inten
Trans
fr

Lyl
eveles is

wfrequency ory
Maonitor
Therelore it

not detectable on the «
1.0=0-+1.5 Kke,

correct for long<term deift,

Aural Transmitter Center Frequency:

Indication: Meter is sl i 2000

tes at its

wximinn 30«day drift of a few

'|l‘1l1'>.
scale of
to

Imuon=-meter

Vernder adjustmoent i provided

ele divisions

ealib

n channels,

fron B ke to +0 ke tor all telm

The center band of =4 ke trm nter tolerance) 1s
printed in black: the 1t in reed, 1 is not neces-
sy W eheek zero o reading and no second

oryvst il s required for this purpose
Accuracy: Cryvstal frequency when
=2 pprn (OLO002 9%

ot or
ceived s within ) of spoectficd channel

=25 ppm.,

frequeney, Crevstal frequeney can be varied
Crystal Oscillator Stability: See Tyen 1170-B IF-M
Monttor Kpreeiiig = O 145,

Over-all Stability: (1.5
va., The 200 eps |

Wler orror

2000

represents 1

he 10 day stabi

4+ (L5 ppm 0

Visual Transmitter Center Frequency:
Indication: Metoer i= enlibrated in S0-eyele divisions
from L1353 ke for all channels, The center

o

1.0 Lu' (X}
of =1 ke

(tritisrnttoer

in red.

Baenacd toleranee) is printed in

blnek: the
Accuracy: '

stimmation
Monttor
rof the Ty

is the

psTr e

11
ind thoe metering ecirenit

Deviation Neter. The

or, the i=f ervs

Transi
of the Tyee 11

total error resulting from

AT Frequer
the last two items is less than

(70 exveles per 30 davs) ],

30-cday

=125 eyveles

Over-all Stahility: l'or

period the over-all

stabi i< hettor th 5 ppm 100 oveles), and
for n 10-day period, i< better than (0.5 ppm
+=30 eveles), parts per million referring to the earrier

Irequency.
Intercarrier
trans

ntd  anral

Separation: When

o show zero de

tion on the

nre g

devintion meters, the interearrier soparation is 4.5 me
B00 eveles (B0-dny stability ).

Aural Transmitter Percentage Modulation: Meter

alibrated from 0 to 1339, with an ndditional db seale.

is
Switeh

¢ Of full-wave

selocts po negative ponks o

peak to peak) indicntion, 1009 modulation corresponds

i
o 25-ke d Meter ball
ments. Acourney is 459 modul
Overmodulation Indicator: (A
flushes when predetermined modulation
dinl, is exeveded, Range of dial i 0 to 1209, modulation,
Aural Transmitter Monitor Qutput Circuits:

1. Distortion and Noise Measurements: 'l
a Type 1932-\ Distortion
A gain control i provided
Less the 0.1 %

viition meet FCC require-

on.

iral transmitter) Lamp

level, as set on

ninals

are provided for connecting
and Noise Meter,
Residual Distortion:
devintion,
Response: 50 to 30,000 cps =14 db, Standard 75 psee

vi< ---r|.1»::'=»-:—

Maximum Output: 1.5 volts into 100,000 ohims.
'I'"f,f"

1183-T1

i

for 2

network is ineluded

TV Monitor (Channels 2-—6}—.. wiae s
1183-T2 | TV Monitor (Channels 7-13).....
1183-T3 | TV Monitor (Channels 14-83). ...

Whaon ordering state channel frequency and offsot,
PATENT NOTICE, See Notes 1,2,3, 1

o VH IS and 16, pupe v,

GENERAL RADIO COMPANY

MONITORS

TYPE 1170-BT F-M MONITOR

=

1I76-AT FREQUENCY DEVIATION METER

Residual Noise Level: —70 db or better for 25-ke
doevintion,

Sensitivity: IFull output ean be
Bk ity with

queney

obtained down to

deviation, Se varies modulation fre-

in

accordanee  with  stundard  de-cmphasis

charneteristics.

2, Audio Monitoring Output:
Impedance: (00 ohms, unbalaneed,
Qutput: —12 dbm

Response: 30 to 15,000 eps, =+

Remote Indicators: (‘ircuits and

rocouneeting the

nt 25-ke deviation
14 dh,
1

Crininads are

pro=

g indicators externully:

lllni:::l’u!
re Modulation Meter

tion Indieator Lamp

tter Ove dul

Visunl ‘I’ Indieator
Accessories Supplied: All tubes, coaxial connectors for

r-f inputs, extension meter plug, spare

nsmitter Centor-irequencs

power-line cords,

fuses, spare fusible links for erystal oven, and neecessary
interconnecting cables,

Power Supply: 105 to 125 (or
LU Total rate
Panel Finish:

210 to 250) volts, S50 to

veles, | power 11

Chone ck eruckle

Inequer. Cer n ¢ can nlso
be furnished.
Mounting: Standard 10<inech relay rack panel with

shielded unit enclosures,

Dimensions: Width Height Dopth
Tyre LIT0-BT Unit 1) in. 1314 In
Tyre 1171-AT Uni 19 114
Tyre 1176-AT 1 19 11144
Over-all 19 1314

5
-1
"
-

Weight: Tyre 1170-BT, S8
pounds; Tyere 1170-AT, 1915

Code Word

;-nl.-:'[‘.
Price
$2830.00
2830.00
2905.00

rassese e ATTIC
. AUDIT
AUGER

e e e
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MONITORS

TYPE 1170 F-M MONITOR
FOR TELEVISION SOUND AND F-M BROADCAST

USES: This monitor gives a continuous indi-
cation of center-lrcquency and percentage
modulation (frequency deviation) of f-m
transmitters. It also furnishes a high-fidelity
output for measuring distortion and noise, and
a 600-ohm output for andio monitoring. The
monitor is designed 1o operate at frequencies
between 30 and 900 megacyeles, covering
both the f-m broadeasting bands and the fre-
quencies used for aural transmitters in tele-
vision broadeasting. [t meets the requirements
of the IFederal Communications Commission
for these services.

The Tyrr 1170-B is used to monitor the
center-frequency  of transmitters used for
F-M broadeasting. A modified version, the
Typer 1170-BT, is supplied as part of the
Typr 1183-T Television Station Monitor
(see pages 194, 195). The specifications for
the Tyer 1170-BT are the same as the Typgr
1170-B  specifications which follow, except
as noted on the facing page.

SPECIFICATIONS FOR TYPE

Transmitter Frequency Range: 88 to 108 Me.

R-F Input Impedance: Iligh iinpedance. A eapacitive
attenuator is provided for adjusting the input level. A
Tyre 874 Coaxinl Connector is provided at the input.
The monitor ean be used with standard RTMA trans-
mitter monitoring ontput.

196

DESCRIPTION: The accompanying block dia-
gram shows the [unctional operation of the
monitor. A harmonic of a standard-frequency
oscillator beats with the transmitter frequency
to produce a nominal intermediate frequency
of 150 ke plus or minus the transmitter fre-
quency deviations. This signal is then passed
through amplifiers and limiters which change
the waveform to steep, square-topped pulses
of constant amplitude, which are applied to a
counter-type discriminator. The d-¢ output
of the diserimimator is used to operate the
center-frequency indicator. The a-¢ output,
suitably amplified and filtered, operates the
modulation indicators and is available at two
output eireuits: a 100,000-ohm eireuit for dis-
tortion and noise measurements and a 600-
ohm cireuit for audio monitoring,

FEATURES: > The use of a low intermediate
frequency and a counter-type diseriminator
results in a high degree of stability, so that a
continuous indication of center frequency is
achieved without reference to a second erystal
for setting zero.

> Highly stable erystal oscillator.

> Because the counter-type discriminator is
inherently linear, accurate center-frequency
indications are obtained cven in periods of
heavy modulation.

> Diseriminator is linear to better than 0.19,
permitting accurate distortion measurements.
> Distortion-and-noise-measuring output in-
cludes 75 microsecond de-emphasis cireuit.
> Residual noise level is down at least 75 db
referved to 475 ke deviation.

> Modulation meter reads positive. negative,
or peak-to-peak, as selected by a switch.

> Overmodulation lamp flashes when modu-
lation exceeds level as set by a dial.

> R-TI" sensitivity is 1.0 volt or better.

> Adjustable input attenuator, with meter.
> Pilot lamp indicates adequate input level.
> Terminals are provided for connecting ex-
ternal meters and overmodulation indieators.
> Regulated power supply.

> Chassis arranged for maximum heat dissi-
pation and casy servicing.

> A zero correction is provided to compensate
for long-time drift.

1170-B F-M MONITOR

Input Sensitivity: 1 volt r-f, or better.

Input Level Indicators: A meter for indiecating r-f
input level is provided at the rear of the chassis. Signal
pilot lamp and center-frequency-meter pilot glow only
when input level is adequate.

Intermediate Frequency: 150 ke,

GENERAL RADIO COMPANY
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Discriminator: Pulsc-counter type, linear to better
than 0.1 over a range of =100 ke,
Center Frequency:

Indication: Meter is calibrated in 100-exyele divi-
stons from —3000 to -+3000 eyveles per second. No zero
Seh 1S necessary for each |’\':u1ir1;: and no second o©ry stal is
revquired for this purpose.

Accuracy: Crystal frequency, when monitor is re-
eeived, is within 2 parts per million of specified el

frequency Center-frequeney reading is adjustable over
,E‘J;Elllli»v'\'vh- range to hli!u: monitor into agreement with
frequency-measuring  serviee, Center-frequency  indiea-
tion then is feeurate to 4200 eyeles.

Stability: <4-1.5 parts per million,
better, over-all, for at least 30 days.
Percentage Modulation:

Indication: Meter is ealibrated from 0 to 1339, Ad-
ditional db seale is provided. Switeh selects positive or
negative peaks, or full-wave (peak-to-peak) indieution.
1009, modulation eorresponds to =475 ke deviation,
Meter ballisties meet FCC requirements,

Accuracy: -5 modulation.

Overmodulation Indicator: Lamp (lashes when pre-
determined modulation level, as set on a diul, is execeeded,
Range of dial is 0 to 1209, modulation,

Output Circuits:

1. Distortion and Noise Measurements: Terminals

are provided for connecting u Tyee 1932 Distortion and

N

4200 eyeles or

e ?\Il'fl'!. ancd a zain control is 1)['“‘-'I<lz'=1.

Residual Distortion: Less than 0.29% at 100-ke
deviation,

Response: 50 to 30,000 eveles per second ==14 db.
Standard 75 miserosecond de-emphasis eireuit is in-
eluded.

Maximum Output: 1.5 voltsinte 100,000 ohms,

Ty

MONITORS

Residual Noise Level: —75 dh or better referred
to 75 ke deviation.

Sensitivity: I'ull ourput ean be obtai
doeviation, Sensitivity varies with modulation frequency
in accordance with standard desemphasis charaeteristies.

2. Audio Monitoring Output:

Impedance: (06 olims, unbalaneed.

Output: Zero dbm ¢

Response: 30 to 1:
Crystal Oscillator: General Radio high-stability eireuit
Crystal is temperature-controlled at (60 2=0.15)7 C, Tem

ed down to +6ke

t 75 ke deviation,

000 eveles per second =14 dh.

perature coefficient of <-|_\'-r-xl 15 2 parts per million or less

per degree O Crystal oseillator output level can be read
on panel meter by pressing a push-hutton switeh,
Remote Indicators: Cirenits and terminals are pro-

vided for connecting the following external indieators:
Center-lrequency indieator
Percentage-modulation meter
Over-modulation lamp
G00-0hm unbalaneed aural monitor

Accessories Supplied: All tubes, coaxial connector for

r-l ill]l"ll power line eonnection cord, spire fuses, ex-

tension meter plug,
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60
eveles, Rated power input 300 watts,

Mounting: 19-inch nel. Shielding eabinet
permanently installed

allows easy removal of
monitor for inspection and maintenance
Panel Finish: Stundard General Radio black erackle

tain standard transmitter finishes ecan also

laequer, Cle
be furnished.

Dimensions: Panel, 19 x 2614 inches, depth behind
panel, 1314 inches, over-all.

Net Weight: 95 pounds

Code Ward Price

1170-B l F-M Monitor (for F-M Broadcast Service).....|

SPECIFICATIONS FOR TYPE

$1835.00

AHEAD |

11770-BT F-M MONITOR

(SUPPLIED AS PART OF THE TYPE 1183-T TELEVISION STATION MONITOR)

Same as for Tyre 1170-B F-M Monitor, except as
follows:
Transmitter Frequency Range: Television channels 2
through 83, including offsets as required.
R-F Input Impedance: High impedanee, channels 2-
13, with a eapacitive input attenuator for adjusting the
input level, Low impedance, channels 14-83, with ad-
justable coupling-loop input.
Input Sensitivity: 1| volt r-f, or better, channels 2-13.
PATENT NOTICE. See Notes 1, 2, 5, 11, 16, puge vi.

R-F SECTION

m-:zan

OSCILLATOR
ttoFFsEN®

R-F OUTPUT
(70-87)
TO 1T1-AT

CALIBRATION
CONTROL

RE-EMPHASIS
CIRCUIT

PERCENT  OVER
MOD MOD

500 milliwatts, or less, channels 14-583.

Intermediate Frequency: 150 ke, 140 ke, or 160 ke
<i|'[|l'!:tin'.',,! upon earrvier offzet.

Center Frequency Indication: Moter szeale is eali-
brated in 200-eyvele divisions from —6 ke to -0 ke.
Percentage Modulation Indication: 1009% modula-
tion corresponds to 425 ke deviation,

Residual Noise Level:

425 ke deviation.

70 db or better referred to

I=F SECTION

LOW-
FREQUENCY
DISCRIM-
INATOR

DE-EMPHASIS
CIRCUIT

QUTPUT FOR
DISTORTION
MEASUREMENT
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MONITORS
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031

TYPE 1931-A AMPLITUDE-MODULATION MONITOR

USES: The modulation monitor is used to
measure and to indicate continuously the
percentage modulation of broadeast and
other radio-telephone transmitters. The Type
1931-A  Modulation Monitor performs the
following specific functions:

. Measurement of percentage of modula-
tion on either positive or negative peaks.
Overmodulation indieation.
Program-level monitoring,

Measurement of carrier shift when mod-

ulution is applied.

5. Measurement of transmitter audio-fre-
quency response.

DESCRIPTION: Tyrr 1931-A Modulation
Monitor consists of three essential elements:
(1) a linear diode rectifier which gives an
instantaneous output voltage proportional
to the carrier envelope, (2) a semi-peak volt-
meter which gives a continuous indication of
the peak modulation, and (3) a trigger circuit
which flashes a light whenever the negative
modulation peaks momentarily exceed any
previously set value.

The linear rectifier is designed for operation
at a low power level, which greatly simplifies
the coupling to the transmitter. In the output
of the linear rectifier is a d-¢ meter, which
indicates the earrier level at which the instru-
ment is operating and also shows any carrier
shift during modulation.

In addition, two auxiliary audio output
circuits operating from a separate diode
rectifier are provided. One of these, at 600
ohms, is intended for audible monitoring;
the other, a high-impedance cireuit, gives a
faithful reproduction of the carrier envelope
with less than 0.19; distortion and can be
used for distortion and noise-level measure-
ments.

FEATURES: > Speed and simplicity of opera-
tion, essential for monitoring instruments,
arc available in this instrument. It operates
over a wide carrier-frequency range, and a
tuned input circuit is provided to facilitate
coupling to the transmitter.

> The r-f power input required in the broad-
cast range is less than 0.5 watt.

> The flashing lamp is extremely useful as a
monitoring device, It is set to flash with mod-
erate frequencey when the transmitter is oper-
ating normally. If the flashing rate changes
markedly, the operator is made aware that the
average level of modulation has changed.

> The flashing circuits are so designed that
the indication is unalfected by moderate
changes in carrier amplitude.

> Terminals are provided so that remote per-
centage modulation indicators can be con-
nected to the instrument externally.

> I'CC Approval No. 1555 has been issued
for this monitor.

198 GENERAL RADIO COMPANY
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MONITORS

SPECIFICATIONS

Range: Modulation pereentage, 0 to 1107, indieated hy between 50 and 15,000 cyeles, and within £0.1 db be-
meter on positive peaks, 0 to 1007 on negative peaks, twoeen 100 1 10,000 eveles

The flashing lamp is adjustable to operate from 0 to Ilither positive or negative modulation peaks may be
1007 on negative peaks. read. Calibration in db below 1009 modulation is pro-

vided
The

or 3 to 60 cations

Carrier-Frequency Range: The monitor will oper:

at any ecarrier frequency from 0.5 to G0 megaesveles,

r dypamie characteristic meets FCC specifi-

modulation monitors.

v sot of coils

dther 0.5 to 8 megueviele

is with each b, unless Audio Monitoring OQutput: The audio output ampli-
both sets are specifically ordered. fier is flat, within =4 1.0 db, from 30 to 45,000 eveles, The
Carrier-Frequency Input Impedance: About 75 internal impedance is 600 ohi Distortion is less than
ohtns in the broadenst band, inereasing slightly at higher 0.2 Open-cirenit output voltage is about 300 millivolts
carrier frequencies and varving somewhat with input Fidelity-Measuring Output: Flat within 1.0 db
tuning, hetwoeen 30-30,000 eyeles with Tyer 1932-A Distortion

and Noise Meter connected, Distortion less than 0.1 %,
Output level varies inversely with setting of MODL-

LATION PEAKS dial, thus providing reasonably uni-

form input to distortion meter at all modulation levels,

Accuracy: The over-all aceuraey of measurcment at 400
eveles is =29 of full scale at 07 and 1007, and 449
of full seale at any other modulation pereentage,

Detector Linearity: The distortion in the diode detoctor

: 3 : ¥ - . Average output level, approximately 1.5 volts
is very low for frequencies up to 7500 eyeles, Above this i i

: tesidual noise and humn level will not exceed —80 db.,
frequeney, a small amount of negative peak elipping 3 i
Auxiliary Output: A multipoint connector at the rear
I
of the instrument provides a means of connecting:
1. A remote Percentage Modulation Meter
o

oecurs, reaching 5% at the extreme high end of the
at 15,000 eveles and 1009 modulution,

nudio range

R-F Power: In the broadeast range the maximum r-f

= audio monitoring.
power requirement is about 0.5 watt. 3

2. To o 600-0hm output for
3. The Tyre 1932-A Distortion and Noize Meter
Power Supply: 105 to 123 (or 210 to 250) volts, 50 to

60 eveles. Power input 1s approximately 50 watts,

Vacuum Tubes: The following tubes are used:

P—HSNT 1—2050
2—63J7 2—0D3
1—BALS 1—HX 50T ¢

necLor cord, spare i

Warning Lamp Circuit: The OVERMODULATION (specify frequency 1

Accessories Supplied: Multipoint connector, line con-

es, and one set of input tuning coils

range desired).

lamp will flash whenever the negative modulation peaks
of the MODULATION PEAKS dial

20 modulation, for audio frequencies

-rack mounted

Mounting: The instrument is re

ilable for table mounting, (Sce price

exeeed the s

End frames are avs
by npprosimatel

between 30 and 7300 eveles. For b

1st below,)

io blnek erackle,

the percentage overmodulation Panel Finishes: Standard General R:
lamp increases slightly Certain standard vs which ean be processed in quan-

The weeurney of the dial ealibration is approximately uey can nlso bHe supp

427 of full seale Dimensions: Panel (l¢ 1) 19 x (height) 824 inches,
Meter Circuit: The response of the PERCENTAGE |J<-;|rh behind panel, 10 tites.

MODULATION moter cireuit is fat, within =£=0.25 db, Net Weight: 3234 pounds.

Ty Cade Waord Price

1931-A Modulation Monitor, 0.5 to 8 Mc . . . . TARRY - $440.00
1931-A Modulation Monitor, 3 to 60 Mc. . . . .. TOPIC 440.00
1931-P5 Extra Tuning Coils, 0.5 to 8 Mc ... ... TABBY 16.50
1931-P6 Extra Tuning Coils,3 to 60 Mc . ... ... | TOTEM 16.50
FRI-512 ENG BrEmMBs o s ans sl e i | ENDFRAMEGG 12.00 Pair

PATENT NOTICE, Sec Notes 1, 11, 15, page vi.

ELEMENTARY SCHEMATIC (AGRAM
CONEAN R

I,; di R
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FREQUENCY AND TIME

The determination of frequency directly in
terms of time is a fundamental measurement,
since frequency is the time rate of recurrence
l)f | [';\."‘“l'.’l] il]l!'“']!l“‘l!‘lll \ l’-"l‘HNH'_U 5{:[“‘}1:“"[
of frequency is, therefore, defined as one
whose [requency is determined directly in
terms of time. A\ secondary standard is one
whose frequency is determined by comparison
with a primary stundard, or by comparison
with other secondavy standards, some one of
which was originally compared with a primary
standard,

[t is to be noted that the above classifica-
tions of [requeney standards have nothing to
do with the acewracios of the standards. In
fact the same standard is logically elassed as
a |l]‘im.'||'_\' standard if checked riil't'('ll}' against
time, and as o secondary standard if checked
against  standard  frequency  transmissions
(representing a distant primary standard).

In practice, the responsibility of establish-
ing and maintaining aceurate time determina-
tions by astronomical observations is not
assumed by the individuals desiring a primary
standard of [requency. The time determina-
tions are carvied out ln_\' observatories espe-
cinlly equipped for the purpose. The results
are made available to a large number of users
by radio and wire transmission. In the United
States, the U. 8. Naval Observatory trans-

ROTATIONAL
PERIOD OF
THE EARTH

IN CYCLES PER SECOND

STANDARD
FREQUENGCY
OSCILLATOR

100 Ke

AR L ) e T S
FREQUENCY

mits high-precision {ime signals by radio
through the facilities of the U, S. Naval Radio
Service. Transmissions on several {requencies
are available several times a day and can be
received nearly all over the world. A similar
service is provided in Canada by the Dominion
Observatory.

The user of a primary frequency standard
can then conveniently determine the fre-
queney of the standard in terms of the stand-
ard time interval sent to him by radio. In the
General Radio equipment means arve provided
for quickly and easily making this comparison.
I'or the most precise results, the errors of the
transmitted time signal must be taken into
account. Correction data may be obtained by
applyving to the Superintendent, U, S. Naval
Observatory, Washington, D. C,

Sinee the astronomical clocks now used
at the Naval Observatory are piezo-electrie
oscillators, similar to those used in aceurate
frequency standards and since, through close
cooperation of the U, 8, Nuval Observatory
and the National Bureau of Standards, the
piezo-electric oscillators of the latter's pri-
mary frequency standard ave checked in the
same way as the former's astronomieal elocks,
the comparison with time is, in elfect, carried
out by the observatory. The standard fre-
quency transmissions sent out I:‘\' the Bureau
of Standards consequently represent a pri-
mary standard of high precision available to
all who ean receive the transmissions. Where
such fransmissions can be received, it is
generally more convenient and much quicker
to make the comparison by frequeney than by
time. I'or information and schedules of trans-
mission of standard frequencies, apply to the
Radio Division, Bureau of Standards, Depart-
ment of Commerce, Washington, 1. C,

A calibration against transmitted radio fre-
quencies yields o psewdo-instantancous fre-
quency value of the standard; while a
calibration against transmitted time signals
vields an average frequency value of the
standard during the period between successive
observations which, for precision, must be an
interval of several hours.

Beeause of the vagaries of high frequency
transmission, many users rely on  checks
against time as a reserve. They also use the
primary standard as a high-precision clock for
laboratory timing purposes.

Fieure 1. Bloek dingram  showing the funetional

arrangement of the Typee 1100-AP Primary Frequency

Standard and the range of output frequencies available
from it.

200 GENERAL RADIO COMPANY

File Courtesy of GRWiki.org



As so far considered, the precision oscillator
is a single-frequency device. For practical
utility it is necessary to obtain from this single
frequency many other frequencies, both above
and below the standard frequency, for con-
venience in measurements. Since most of the
precision oscillators operate in the region of
50 to 100 ke, it is necessary to divide the fre-
quency to obtain a value such that a syn-
chronous motor can be used to count the
number of cycles executed by the precision
oscillator in a standard interval of time. For
measurements of high radio frequencies, it is
necessary to multiply the standard frequency
to obtain useful frequencies in the range of the
frequency being measured. Both of these
operations are readily performed by a con-
trolled relaxation oscillator, known as a multi-
vibrator.

THE PRIMARY FREQUENCY STANDARD
TYPE 1100-AP

The elements of a primary frequency
standard, General Radio Tyer 1100-AD, are
shown in Figure 1.

The frequency of the precision oscillator is
100 ke, which is divided successively by fac-
tors of 10 to obtain multivibrator fundamental
frequencies of 10, I, and 0.1 ke. A fourth
multivibrator operating at a fundamental fre-
queney of 100 ke, provides a large number of
harmonies at 100 ke intervals for use at high
radio frequencies. ITarmonics of the 10 ke
multivibrator are similarly used. In the audio-
frequency and low-frequency range (up to one
or two hundred ke) a cathode ray oscilloscope
is used to obtain hundreds of known frequen-
cies. This is simpler than trying to make use
of harmonics of the low standard frequencies.

The range of useful output frequencies ob-
tainable from the General Radio Primary
(or Secondary) Frequency Standard is indi-
rated in Figure 1. Complete specifications are
given on pages 204 to 200,

This frequency standard is the result of
many years of continuous development in the

Freure 2. View of the Tyer 1190-A Quartz Bar used in

Type 1100-A Frequency Standard, with cover removed,
showing the spring suspension.

FREQUENCY

Ficure 3.
electrie oscillator used in the Tyer 1100-A Frequency
Standards.

Elementary circuit of the bridge-type piezo-

General Radio laboratories. The quartz bar
(and mounting), the oscillator circuit, and the
temperature-control svstem used in the stand-
ard make possible a stability of a few parts
in 10® over periods of several months, and a
short-period stability of 0.5 parts in 10% per
day after one vear's operation. The quartz bar
and its mounting are shown in Figure 2. The
bar vibrates in its second-harmonic exten-
sional mode, and is held at its two nodes in a
spring suspension mounting in such a manner
as Lo introduce a minimum of damping. Ilec-
trodes are formed divectly on the surfaces of
the quartz. The cross-sectional dimensions of
the bar have been so chosen that the tem-
perature coefficient of frequency is zero in the
vicinity of the operating temperature of 60° C.

The temperature-control svstem holds the
temperature of the quartz bar constant to
better than 0.01% C. The principles of opera-
tion of the temperature-control system were
outlined in an article entitled “Notes on the
Design of Temperature Control Units,” by
J. K. Clapp, General Radio Experimenter,
August 194

A bridge-type oscillator circuit is used,
shown in schematie form in Figure 3. In this
cireuit, the erystal vibrates at its series reso-
nant frequency and the amplitude ol oseilla-
tion is constant. I'or an analysis of the circuit,
see J. I Clapp, “A Bridge-Controlled Oscil-
lator,” General Radio Fxperimenter, April

1944, and May 1944,

THE SECONDARY FREQUENCY STANDARD
TYPE 1100-AQ

In the past there was a useful field for fre-
quency standards of less than the best possi-
ble precision, such standards being checked
frequently against standard frequency trans-
missions. These standards could be manufac-
tured at a lower cost than the more precise
standards and consequently were used in
many applications where price was a govern-
mg consideration.

At present the demand for more accurate
secondary standards, coupled with less expen-
sive designs for primary standards, makes it

GENERAL RADIO COMPANY 201
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FREQUENCY

= HARMONIC MUMBES
Ficore 4. This diagram shows the relation between an

unknown frequency and a standard harmonie series.

undesirable to make two types of standard.
Consequently, the same component units are
offered for use as a secondary standard—the
precision oscillator, and multivibrator and
power supply unit, but without the syneron-
ometer unit. (This latter unit can be added
later, if desired.)

THE UNIT CRYSTAL OSCILLATOR
TYPE 1213-A

For applications such as receiver testing
and calibration, band-edge checking, fre-
quency measurements, and as a marker
generator, the Tyrr 1213-A Unit Crystal
Oscillator has been developed. It provides
standard {requency harmonies at multiples of
1 me, 100 ke, and 10 ke, which extend to ap-
proximately 1000 me, 250 me, and 25 me re-
spectively. The small size of the Typr 1213-A,
its low cost, and }_"lmtl ,\'l:l|)ilil_\' (of the order
of 1 part in 10° for short periods) make it
useful where the high precision of the 1100-
AP or 1100-AQ is not needed or where the
installation of such equipment is not feasible.
Checking or monitoring the output [requency
against standard frequeney radio transmis-
sions assures an accurate standard at mini-
mum cost. Complete specifications of the
Unit Crystal Oseillator are given on page 217.

FREQUENCY MEASUREMENT

The next step, after establishing a series of
standard frequencies embracing a portion of
the frequency speetrum in which measure-
ments of frequency are to be made, is to eval-
uate any unknown frequency in terms of one
of the standard frequencies. Any unknown
frequency will lie between two of the standard-
frequency harmonies as shown in Figure 4.
The simplest process is to determine the dif-
ference in frequency between the unknown
frequency and the nearest of the standard
frequencies. This difference 1s added to the
standard frequency if the unknown lies above
the standard, or subtracted if the unknown
lies below the standard frequency.

For evaluating the frequency difference,
A or B, (FFigure 4) a convenient method con-

202

PHONES OR
BEAT INDICATOR

Ifrcure 5. Funetional diagram showing the operation of
the direct-beating method of [requency nmeasurement.

sists of beating the standard and unknown
frequencies in a detector, and measuring the
beat frequency with a calibrated audio
oscillator as indicated in Figure 5.

An advantage of this method is that a
narrow-band receiver can be used when fre-
quencies of remote transmitters must be
measured in the presence ol interference or
noise. In severe cases of noise, a heterodyne
frequency meter ean be matched to the de-
sired [requency, and the measurement can be
completed using the frequency meter as a
substitute source, under conditions where no
other method can be used. A further ad-
vantage of this method of operation is that
the dilference frequency is nearly always an
audible tone and the proper source for meas-
urement can be identified by listening, as can
all steps of the measurement. When depend-
ing upon counting or meter indications, the
operator has no check on the presence or ab-
sence of interference or noise.

By using the heterodyne frequency meter
any desired frequeney can be set up and can
be measured or monitored in terms of the
standard. The equipment thus not only pro-
vides a means [or measuring frequencies, but
also provides for generating accurately known
frequencies.

The Tyre 1105-A Irequency Measuring
Fquipment is an assembly of the necessary
instruments for measuring unknown fre-
quencies in terms of standard-frequency
harmonies obtained from the Tyee 1100
Frequency Standard. This assembly includes
an interpolation oscillator and comparison
oscilloscope for measuring audio and beat
frequencies, as well as the necessary radio-
frequency detectors and calibrated oscillators
used in measuring the higher frequencies. Ifor
a complete description, see pages 207 to 214.

WIDE-RANGE FREQUENCY METERS

IFor many applications it is not necessary to
have the accuracy provided by a frequency
standard, nor is it always possible to use con-
veniently such a relatively large piece of ap-
paratus. Accordingly several different types
of frequency-measuring instruments have been
developed to supplement the standard over
various {requency and accuracy ranges. The

GENERAL RADIO COMPANY
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simplest of these is the time-honored resonant-
cireuit wavemeter, which is still a valuable
tool for general experimental work or for
making preliminary adjustments on oscillators
and transmitters. Several models of wave-
meters dilfering in frequency ranges, ac-
curneies, and resonance indicators are de-
seribed in detail on pages 223 and 2241,

The heterodyne frequency meter is capable
of making measurements more accurately
than the wavemeter and still is small enough
so that portability and simplicity are not
lost. One model, the Typrr 620-A, described
on page 218, contains a one-megacyele ervstal
calibrator whieh makes possible frequency
measurements to an accuracy of 0.017,. The
Tyrr 720-A (page 220) is a 0.197 instrument
for use up to 3000 megacyeles. The direct-
reading dials on these instruments make
rapid measurements possible.

The Typr 1110-A Interpolating Frequency
Standard, page 215, is a new type of instru-
ment designed  particularly  for use  with
heterodyne frequency meters to extend ac-
curate frequency measurements up to 2000 or
3000 megacyeles. This instrument is essen-
tially o crystal-controlled frequency standard
variable over the range from 1000 to 1010
kiloeyeles. Figure 6 is a functional diagram of
this equipment. It consists of a 950-ke quartz-
ervstal oscillator, a 50 to 60-ke variable-
frequency oscillator, with a mixer, filters, and
output amplifier for obtaining the sum of the
two oscillator frequencies as the output fre-
quency. A worm-drive dial with 1000 scale
divisions is used to vary the [requency over

FREQUENCY

the 1000- to 1010-ke range. The outpuf fre-
quency  controls two multivibrator units,
which generate 100-ke and 1-Me harmonies
for use as accurate check points in the funda-
mental frequeney ranges of the Tyer 620-A
and the Tyer 720-A IHeterodyne Frequency
AMeters, respectively.

Since the range of control frequencey is just
one per cent, the frequencies of all the har-
monies ol the multivibrators can also be
varied over a range of one per cent. For the
100th harmonice the total range of adjustment
15 [rom 100 to 101 Me for the 1-Me multivi-
hrator and from 10.0 to 10.1 Me for the 100-
ke multivibrator. For harmonies higher than
the 100th, the one per cent range is greater
than | Me, so that continuous coverage is oh-
tained. Thus any point on the dials of the
Tyrus 620-A and 720-A Trequency Meters
can be accurately calibrated. I'or measure-
ment of frequencies above the range of the
dials on the Frequeney Meters indicated, har-
monies of the Frequeney Meter ave used. The
accuracy ol measurements made with the
Tyres 620-A and 720-A Heterodyne Ire-
queney Meters is improved by using the
Tyri 1110-A Interpolating Frequency Stand-
ard, to better than 25 parts per million.

AUDIO FREQUENCIES

Tor the divect measurement of audio fre-
quencies, the T'yre 1176-A Frequeney Neter,
a direet-indicating device for measuring fre-
quencies up to 60 ke is used. It is deseribed
on page 222 of this catalog,

I'raure 6. Bloek diagram showing the functional arrangement of the Tyre 1110-A Interpolating Frequeney Standard.
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FREQUENCY

TYPE 1100-A FREQUENCY STANDARDS

The Tyre 1100-A Frequeney Standards are
highly precise standards of frequeney, operat-
ing on the principles outlined on pages 194
and 195. T'wo models are available, the Tyrge
1100-AP Primary Standard and the Tyre
1100-AQ Secondary Standard. The same basic
clements are used in each, and there is no
difference in accuracy and stability between
the two assemblies.

The primary standard is provided with a
Syneronometer  (svnchronous motor clock)
for evaluating its frequency direetly in terms
of standard time. The secondary standard
has no syncronometer. All other specifica-
tions are identical with those for the primary
standard.

ITarmonice series based on fundamentals of
0.1, 1, 10 and 100 kiloeyeles are available at
its output terminals to furnish usable stand-
ard frequencies over a wide range. The
accuracy of all output frequencies is the
same and is better than one part in ten
million over periods of several months.

Unless otherwise specified, cach assembly
is supplied in a floor-type relay rack.

A functional layout of the standard is
shown on page 200, Brief deseriptions of the
individual units are given on the following
page, and complete specifications on page 200.

A specially designed assembly of frequency
measuring cquipment for use with these
standards is deseribed on pages 207 to 209,

Genernl Radio IPrequency Standards arve
known the world over for reliability and
accuracy. They are used by governmental
agencies, industrial plants, military services.
and research laboratories, Current models
have all the features of earlier ones, plus
many additional advantages in convenience,
size, weight, performance and appearance,
that result from General Radio’s continuous
program of research and development in the
field of frequency measurement and stand-
ardization.

The primary standard is an excellent na-
tional standard of frequency for communica-
tions ministries, and with the Tyre 1105-A
Frequency  Measuring Equipment, can be
used to monitor or to measure the frequencies
of radio stations, It is also suitable for use as
a standard clock by observatories. Research
lauboratories and radio manufacturing plants
should use the primary standard whenever

204

I rrEquency |
S NI AR AR

Close-up view of the Type 1100-AP Primary Frequeney
Standard. Lower part of the floor-type relay rack is not
shown. The complete rack is similar to that shown in
the photograph on page 207, When the standard is to
be mounted on a beneli or table, o bench-type rack ean
be supplied, if specified in the order,
the requirements make it advisable to have
an independent check against time.

For muany uses the timing feature of the
primary standard is not needed, and the
secondary standard, which offers the same
stability at a lower price, can be used. With
the secondary standard, an accurate check
upon its frequency can be made by a com-
parison with standard-frequency radio trans-
missions such as those of the National Burean

GENERAL RADIO COMPANY
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of Standards at Washington. This comparison
is adequate to evaluate the frequency of the
standard to a few parts in one hundred
million,

Shown below are the individual panels that

FREQUENCY

make up the standard, with brief deserip-
tions of their characteristics. Additional de-
tails of circuit and construction will gladly
be supplied upon request. Specifications and
prices are listed on page 200.

TYPE 1103-A SYNCRONOMETER

This panel includes a 1000-cycle synehronous motor
for effectively counting the number of eyeles exceuted
by the standard piezo-electrie oseillator in a standard
time interval. A large, illuminated, 24-hour dial with a
long sweep hand makes for easy visibility, A microdial
contactor, operating once each second, and calibrated
in hundredths of a second, is provided for comparison
with time signals. The microdial mechanism can
be phased by means of a panel control. Comparison
of the syvneronometer rending with standard time
can be made on the microdial seale to one part in
ten million over a 24-hour interval. The 1000-cycle
gynchronous motor is sturted by a 60-cyele motor
controlled by a push-button on the panel.

TYPE 1102-A MULTIVIBRATOR
AND POWER SUPPLY UNIT

This unit contains four multivibrators of 100, 10,
1, and 0.1 ke frequencies, the power supply for the
entire standard, and the control cireuits of the tem-
perature-control system of the Tyre 1101-A Piczo-
lilectric Oscillator. Concentrie shiclded connectors
are provided for 100-ke and 10-ke harmonie out-
puts, for radio frequency measurements, and 10 ke,
1 ke and 0.1 ke for audio frequeney measurements.
These connections are all mounted on the rear of
the assembly. All tubes are aceessible from the rear,
without removal of any dust covers. The four multi-
vibrators are mounted on the rear panel, which is
removable without disconneeting any wiring. Mount-
ing spacers and gervieing cable are supplied to operate
the multivibrators when the panel is reversed, giving
aceess to all components of the multivibrator assembly.

TYPE 1101-A PIEZO-ELECTRIC OSCILLATOR

This oscillator operates witha Tyer 1190-A Quartz
Bar, which is mounted in the temperature-control
unit, located at the left behind the panel. The
temperature is controlled by a compensated thermo-
stat eiveuit and is maintained within 0.01° C for all
ordinary ambient temperatures. The oscillator cireuit
assembly is mounted at the right behind the panel.
All tubes ave aceessible from the rear without remov-
ing any dust covers.

A view of the Typr 1190-A Quartz Bar is shown on
page 201,

TYPE 480-PA CABINET RACK

(not shown above, see page 207 for plioto)

A floor-type eabinet rack is supplied to house the
complete frequency standard unless a bench-type rack

GENERAL RADIO COMPANY

is gpecifically ordered. When the Tyre 1105-A Fre-
quency Measuring Fqguipment is ordered with the
standard, the complete assembly is mounted as shown
on page 207. Openings, with removable finished covers,
are provided for connections between the standard
and the measuring equipment.
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FREQUENCY

SPECIFICATIONS

Frequency Range: Standard frequenecies ranging from
one pulse per second to frequencies of several megaceycles
can be obtained from this equipment.

The output frequencies are as follows: The upper fre-
quency limit depends upon the method used to detect
and utilize the harmonics. The values here quoted are
easily reached when using the Typre 1106 Frequency
Transfer Units.

From 100-ke multivibrator, 100 ke and its harmonies
up to 50 megacyeles.

From 10-ke multivibrator, 10 ke and its harmonies up
to 10 megacyeles.

From l-ke multivibrator, 1 ke and its harmonies in
the nudio-frequency range.

From 100-cyele multivibrator, 100 eyeles and its har-
monies in the lower audio range,

From the syneronometer unit, one-second contaetor,
The time of oceurrence of the contact may be phased
to oceur nt any instant over a runge of one second.

This contact is open for about 50 and closed for 950
milliseconds.

If u suitable high-frequency receiver is used to detect
them, 100-ke harmonies up to 75 or more megacycles can
be utilized directly. For work at higher frequencies, har-
monics of an asuxilinry oscillator whese fundamental is
monitored against the standard at o lower frequency can
be used.

Output Voltage: The harmonic outputs of the 100 and
10 ke are at low impedance (65 ohims). The r-m-s volt-
nges, measured at the terminals of the frequency stand-
ard, neross a 65-ohm load, are: at 100 ke, 0.2 volt; and
10 ke, 1.2 volts. The audio-frequency outputs are at low
impedance (600 ohms). The r-mn-s voltages measured at
the terminal strip of the standard, seross o 10,000-0hm
load, are: 10 ke, 20 volts: 1 ke, 25 volts; 100 eveles, 20
volts. These voltages are representative only; they are
not guaranteed values,

Frequency Adjustment: The frequency of the quarts
bar in its oscillator cireuit is adjusted to within 1 part in
ten million of its specified frequency in terms of standard
time, Slight changes in frequency may oceur during ship-
ment but a control is provided for adjusting the frequency
after installation.

Accuracy: When the assembly is operated in accordance
with instructions, and after an aging period of & month,
the rate of drift of the frequency will remain below 5 parts
in 10* per day and this will deerease with time to about
0.5 part in 108 per day at the end of one yeuar's operation.
Frequency Stability: The standard is designed so that
ordinary changes in air pressure, ambient temperature,

and line voltage have practieally no effect on the fre-
quency. The temperature coeflicient of frequency of
the quartz bar is less than 1 part in 107 per degree C.
The temperature control is within £0,01° C:, The voltage
coeflicient of frequency of the crystal-controlled oseilla-
tor is approximately 2 parts in 10% for line voltage changes
of 109%. The average frequency varintion from this
cause will be substantially less,

The fluctuations of frequency of the standurd over
short periods, such as those required in making frequency
measurements are less than 1 part in 10,

Output Terminals: The various output frequencies are
made available at Type 874 Coaxinl Conncctors at the
rear of the assembly. Since all necessary wiring, for all
interconnections between units of the assembly, is pro-
vided in the form of cables, no connections need be made
by the user other than power-supply conneetions, and a
connection to the point where the standard frequencies
are to be used.
Vacuum Tubes: The following tubes are required and
are supplied with the assembly:
1—6ACT 1—1N51 (G.E. Co.)
10—06SN7-GT 1—-6K6-GT/G
1 —-5R4-GY 1—=2 LAP-430

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
60 eycles.

Power Input: For the Tyrr 1100-A0) Secondary Stand-
ard, the power demand from the supply line is approxi-
mately 155 watts; with heaters off, the power required is
approximately 125 watts. For the Typi 1100-AP Primary
Standard, the corresponding figures are 175 and 145
watts, respectively.

Accessories Supplied: Complete set of tubes, spure sets
of fuses, fusible links, pilot lights. All connecting cables,
ineluding power-supply leads, servicing cable, and com-
plote operating instruetions.

Mounting: All units are mounted on standard 19-inch
relay-rack panels finished in black erackle laequer, dress
panel construction. A floor-type cabinet rack, black
wrinkle finish, is supplied for mounting the units of the
assembly., Blank panels are supplied to fill unused portion
of rack.

Dimensions: The over-all dimensions of the assembly
in floor-type cabinet rack are (height) 7624 x (width) 22
x (depth) 2024 inches, over-all. The available panel space
is 40 rack units or 70 inches.

Net Weight: In floor-type racks, Tyre 1100-AP, 335
pounds, Tyre 1100-AQ, 300 pounds; in bench-type racks,
Tyre 1100-AP, 230 pounds, Tyre 1100-AQ), 196 pounds.

Type Code Word Price
1100-AP Primary Frequency Standard . . . . . . .. EXCEL $2390.00
1100-AQ | Secondary Frequency Standard. . . . .. EXACT 1690.00

PATENT NOTICE. See Notes 1, 2, 3, 4, 5, page vi.

The Tyre 1100-AP Primary Frequeney Standard
consists of :

1 Tyrr 1103-A Syneronometer

1 Tyre 1102-A %‘Iultivilzrutur and Power Supply
Tnit

1 Tyes 1190-A Quartz Bar Mounted in Tyre
1101-A Oseillator

1 Tyre 1101-A Piezo-Electric Oscillator

Relay Rack, Blank Panels, Connecting Cables

The Tyre 1100-AQ Secondary Frequency Standard
consists of::
1 Tyre 1102-A i‘}[qltivibmtor and Power Supply
mit
1 Tyre 1190-A Quartz Bar Mounted in Tyre
1101-A Oscillator
1 Tyrr 1101-A Piezo Electrie Oscillator
Relay Rack, Blank Panels, Connecting Cables

NOTE: Tyre 1100-A Frequency Standards are normally supplied in floor-type relay racks. If o bench-type rack

is desired, be sure to specify in ordering,
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TYPE 1105-A
— T

View of Tyre 1105-A Frequeney Measuring  Equip-

ment with T'yee 1100-AP Primary Frequency Standard.

The measuring equipment assembly is supplied with

one floor-type relay rack, and the Typrs 1107-A Inter-

polation Oscillator mounts in the frequeney standard
rack, below the standard.

The Tyre 1105-A TFrequency Measuring
Equipment includes all the auxiliary equip-
ment necessary for measuring unknown fre-
quencies in terms of the Tyer 1100-A re-
quency Standards, The general arrangement
of equipment and the method of measure-
ment areshownin the functional block diagram,
page 209. When this assembly is used in con-
junction with either model of the Tyrm
1100-A Frequeney Standard, measurements
can be made divectly at frequencies up to
100 Me. Measurements at higher frequencies
can be made by using auxiliary equipment,
such as receivers or oscillators, to transfer
the unknown in harmonic steps to a fre-
quency below 100 Me. Where the frequency

GENERAL RADIO COMPANY

FREQUENCY

FREQUENCY MEASURING EQUIPMENT

range to be used is smaller or the type of
measurement to bhe made is  specialized,
gimpler assemblies can be furnished, and
quotations will be made upon request.

The individual instruments comprising the
Type 1105-A Irequency Measuring Assembly
are available separately, and all arve deseribed
in detail in the following pages.

The general method of measurement is out-
lined in the diagram on page 209. At radio
frequencies between about 100 ke and 100
Me, the unknown frequency is brought into
the measuring system through the detector
gection of a frequency transfer unit or through
an external radio receiver, The divect-reading
scale of the frequency transfer unit gives the
approximate value of the unknown frequency.
For a precise determination, the beat [re-
queney between the unknown and a standard-
frequency harmonic is measured by compari-
son with the interpolation oscillator, the com-
parison being made on the oscilloscope,

Above 100 Me, external frequency meters
such as the Tyer 720-A and Tyrws 620-A can
be used to establish a harmonice relation be-
tween the unknown and the standard fre-
queney. Other types of stable oscillators can
also be used for this purpose.

At audio frequencies, the interpolation
oscillator is matched divectly to the unknown
frequency. A harmonic of the unknown can
be used at low audio and sub-audible [re-
quencies,

Between aboul 3 ke and 100 ke, the in-
terpolation oscillator is used to produce a
variable frequency civeular sweep on the
oscilloscope. The unknown frequency is then
determined from the oscilloscope pattern.

The accuracy of measurement that can be
easily realized is +0.1 eyele in determining
the difference between unknown and standard
frequencies. The fractional accuracy varies
with the frequency being measured ranging
from 2 in 10° at low frequencies to 1 in 10® at
high [requencies,

By reversing the procedure of measure-
ment, a precisely known [requency of any
value between 100 ke and 200 Me can be
generated. The desired [requency is availuble
at the output terminals of a frequency trans-
fer unit. At audio frequencies, from the inter-
polation oscillator, audio frequencies between
0 and 5000 eycles are available.

This equipment is the result of a quarter
cenfury of continuous development, and
simplicity of operation has, next to accuracy,
been the guiding prineiple in its design.

207

File Courtesy of GRWiki.org
N/



FREQUENCY

TYPE 1109-A COMPARISON OSCILLOSCOPE

This unit contains a eathode ray oseilloscope, with
its power supply: selecting, smoothing and phase-
shifting m-t\\'urLs for circular sweeps at line ftequency,
0.1, 1, and 10 ke standard frequencies, and at a vari-
able frequency obtained from the interpolation oseil-
lator; and a seleetor providing for all necessary and
convenient comparisons required in making frequeney
measurements, Most patterns are presented on a eir-
cular sweep by radial defleetion.

For complete deseription, see page 214,

TYPE 1106-A, -B, -C FREQUENCY
TRANSFER UNITS

(3 Pancls)

Faeh of these units econtaing aheterodyne frequeney
meter and heterodyne deteetor, with direet-reading
seales, Runges are as follows:

Tyee 110G\ 100 ke to 2000 ke

Tyew 1106-13 I Meto 10 Me

Typee 1106-C 10 Me to 100 Me
The harmonic output of the frequency meter can he
used at frequencies higher than those covered by the
dial ranges, as explained in the operating instruetions.
The output of the frequeney meter is adjustable by
a panel control, as is the regeneration of the hetero-
dyne detector

For complete deseription, see page 210,

TYPE 1108-A COUPLING PANEL

This unit is the centralized eontrol point at which
all switching and level adjustments neeessary for using
the various combinations of messuring equipment can
be easily and quiekly earried out.

For complete deseription, see page 213,

TYPE 1107-A INTERPOLATION OSCILLATOR

This unit is u diveet-rending andio-frequeney oseil-
lator covering lequeneies from 0 to 5000 eyeles, 1t is
used to mensure the audio-frequency difference be-
tween the unknown frequeney and a standard 10-ke
harmonie. Provision is made, on two seales, so that
results ean be obtained by addition only, avoiding
subtraetion. A mixer cireuit is provided with controls
for output of the interpolator and for the unknown
frequency, so that a maximum beat amplitude can be
obtained. A meter indieates output voltage and ean
be used as a beat indicator for matching the inter-
polator and unknown frequeneies,

For complete deseription, see page 212

TYPE 480-MA RELAY RACK

The individual units, with the exception of the
Tyver 1107-A Interpolation Oscillator, are mounted in
the Tyrr 480-MA Relay Rack. At the base of the rack

is mounted a T'yre 1105-P1 Speaker for audible moni-
toring of beat tones.

All connections between standard and measuring
assembly are made by means of pateh cords, which
are supplied.

Each of the instroments comprising the Tyre 1105-A Frequeney Measuring Fauipment is available separately. All are
completely deseribed in the following pages, and those deseriptions should be consulted for further details of design
and construction, net weight, dimensions, ete.
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FREQUENCY

TYPE 1105-A FREQUENCY MEASURING EQUIPMENT

SPECIFICATIONS

Terminals and Connections: All instruments are
equipped with Tyre 874 Coaxial Conneetors on the rear
of ecach unit. Suitable connecting cords are supplied
Power Supply: 105 to 125 (or 210 to 250) volts, 50-60
eyeles. Other voltages or frequencies on speeial order only
Power Input: 200 watts

Accessories Supplied
connecting cables, including power supply cords

Mounting: The complete assembly, with the exception

spare sets of fuses; blank panels;

of Tyre 1107-A Interpolation Oscillator, mounts in a
standard 19-inch Type 450-MA (Cal
includes service outlets for eanch

inet Rack. This rack
trument. The inler-
wy standard rack, as

polation oscillator mounts in the |

shown in the photograph on page 207.
Dimensions: (ITeight) 7614 x (width) 22 x (depth) 204

inches, over-all. Total rack space

i
is 40 rack units, or 70
inches

Net Weight: 370 pounds, including rack.

Code Word Price

Tupe

1105-A
PATENT NOTICE, See Notes 8, 4, page vi.
The Tyre 1105-A Frequency Measuring quipment
consists of:
1 Typee 1109-A Comparison Oseilloscope
1 Tyre 1106-A Frequency Transfer Unit
1 Tyee 1106-B Frequeney Transfer Unit

This diagram shows in functional form the operation
of the Tyrr 1105 Frequeney Measuring Assembly. The
Tyre 1108 Coupling Panel is the central unit from which
all operations are controlled

The unknown frequency f: and a series of standard
frequency harmonies are applied through attenuators to

‘ Frequency-Measuring Equipment . . ..

MITER | $4480.00 N

1 Tyre 1106-C Frequency Transfer Unit

1 Tyer 1108-A Coupling Panel

1 Type 1105-P1 Speaker Mounted on Relay Rack
1 Type 1107-A Interpolation Oscillator

telay Rack, Blank Panels, and Connecting Cables

the detector in the frequency transfer unit. The unknown
frequeney can then (1) be estimated quickly from the
calibration of the detector, (2) be determined more ae-
curately by use of the heterodyne frequeney meter, or
(3) be measured precisely by use of the interpolation
oseillator.

FREQUENCY TRANSFER UNITS

TYPE 1106°A!
100-2000ke| |

i
TYPE 11068/
I-10Mc !

TYPE IIOG'C:—
10-100 Mc

FREQ. METER

TO TYPE 1100400Ke b
FREQUENCY

10 Kc >
fl'
O,

STANDARD

TO TYPE 1100
FREQUENCY
STANDARD

TYPE 1109-A
COMPARISON
OSCILLOSGOPE

DETECTOR

TYPE 1107-A
INTERPOL ATION
OSCILLATOR
MICRODIAL

sC
- & pOFF

MICRODIAL | I - )

GENERAL RADIO COMPANY

DET ON

TEL-SPKR." |
I

INTERR]
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FREQUENCY

TYPE 1106 FREQUENCY TRANSFER UNITS

USES: The Tyre 1106 TFrequency Trans-
fer Units are utilized in transferring an un-
known frequency for measurement against a
frequency standard, or for transferring a fre-
quency of known value (determined against
the standard) to an output circuit. The
direct-reading frequency calibrations will give
the approximate value of an unknown [re-
quency, or the approximate value of a desired
frequency in the output circuit.

When used with a frequency standard,
these units provide means for rapidly identi-
fying the harmonics of the standard; for
accurately  matching the heterodyne fre-
quency meter to the unknown frequency;
for use as a substitute source in measuring
frequencies under conditions of noise, fading
or of intermittent operation of the trans-
mitter; and for obtaining a frequency of any
desired value, accurately known in terms of
the frequency standard.

The I'requency Transfer Units can also be
used as general purpose calibrated frequency
meters and detectors.

DESCRIPTION: The Typrs 1106-A, 1106-13 and
1106-C Frequeney Transfer Units are identi-
cal except for their frequency ranges which
ure:;

Tyer 1106-A 100 ke to 2000 ke

ach consists of a heterodyne frequency
meter (with harmonic generating circuits and
output control) and a heterodyne detector
(with audio-frequency amplifier and regenera-
tion control).

The heterodyne frequency meter oscillator
circuit is a highly stable oscillator having :
frequency range of 2 to 1 in two (1106-A) or
three steps (1106-B, -C). A direct-reading
frequency scale is provided for the funda-
mental and selected harmonie ranges, cover-
ing 10 to 1 in frequency (20 to 1 on 1106-A).
The harmonic output can be used at frequen-
cies higher than those covered on the dial
ranges; for example. using the fundamental
frequency scales and reading ten times the
scale value gives the coverage of the tenth
harmonie. An auxiliary fine tuning control
is provided for easily setting zero beat.

The heterodyne detector has range-switch-
ing and direct-reading frequency scales cover-
img the rated range of the unit. The detector
can be operated ecither in the non-oscillating
or oscillating condition by use of the regenera-
tion control. When oscillating, it is especially
useful in obtaining an exact zero beat setting
between the frequency meter and a signal
frequency, by the three-oscillator method,
the detector serving as the third oscillator.

Tyer 1106-B 1 Me to 10 Me When not oscillating, it produces the beat
Tyrr 1106-C 10 Me to 100 Me between the standard harmonic and the
210 GENERAL RADIO COMPANY
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unknown frequency. An audio-frequency am-
plifier with an output impedance of approxi-
mately 600 ohms is provided.

On both the heterodyne frequency meter
and detector direct-reading frequency scales,
nearly 360 degree rotation of the drum dials
is used. Both are approximately straight-line-
frequency in calibration. Operation of the
range selectors automatically sets the pointers
so that the likelihood of error in reading one
of the several scales on the dial is greatly
reduced.

FREQUENCY

FEATURES: > Dials are direct-reading in fre-
quency for both the frequency meter and the
detector.

> Range dials are illuminated and are mounted
behind panel and viewed through a window.
> Range switching for both frequency meter
and detector.

> The heterodyne frequency meter is de-
signed for a high degree of frequency stability,
and drift is negligible for the specified condi-
tions of use.

SPECIFICATIONS

Frequency Range:
Tyre 1106-A 100 ke to 2000 ke
Tyre 1106-B 1 Meto 10 Me
Tyre 1106-C 10 Me to 100 Me
The heterodyne frequency meters all have 2 : 1 funda-
mental ranges, with ealibrated direct-reading harmonie
scales, The heterodyne detectors all have fundamental
ranges covering the specified band.

(9 ranges)
(10 ranges)
(10 ranges)

Calibration: The heterodyne frequency meter dials are
calibrated as follows:
Tyre 1106-A 1 ke intervals 100 to 400 ke
5 ke intervals 400 to 1000 ke
10 ke intervals 1000 to 2000 ke
Tyre 1106-B 5 ke intervals 1.00 to  2.00 Me
10 ke intervals 2.00 to 10.00 Me
Tyre 1106-C 20 ke intervals 10.0 to  20.0 Me¢
100 ke intervals 20.0 to 50.0 Mc¢
200 ke intervals 50.0 to 100.0 Me
The heterodyne detector dials are ealibrated with
somewhat greater frequency intervals, but the intervals
permit reasonable estimation of frequency.

Accuracy: The aceuraey of the heterodyne frequency
meter calibration permits positive identification of
harmonies, when used with a frequency standard. Used
individually, the calibration can be relied upon to 40.1
per cent, '

Frequency Stability: The circuits of the oscillators used
for the heterodyne frequency meters are designed for
high stability against changes in supply voltage or
changes in tube capacitances. The heterodyne detector
stability is not as good, but is sufficiently high so that no
difficulty is encountered from variations in making fre-
quency measurements.

Type

Input and Output Circuits: The harmonie output of
the heterodyne frequency meters is available at shielded
coaxial connectors for use with 50-65 ohm concentric
able. Harmonies of the fundamental frequency to at
least the 10th are usable. The radio-frequency input and
the audio-frequeney output connections of the heterodyne
detector are shielded coaxial connectors. The input eireuit
is suitable for use with 50-65 ohm ecable; the output
impedance is approximately 600 ohms.
Power Supply: 105 to 125 (or 210 to 250) volts, 50-60
eyeles. Other voltages or frequencies on special order only.
Power Input: 40 watts.
Tubes: Supplied with instruments:

Tyre 1106-A, -B Tyre 1106-C
3J7 1—68J7
1—6J5GT 1—6J5GT
1—6SN7GT 1—6SN7T

3—6

1—IN51 (G.E.Co.) —6X4
1—6X4 1—6AKS
1—0D3 1—0D3

2—9002
Accessories Supplied: IFuses; line connector cord; coax-
ial connectors.
Controls: Power ON-OFF switch; heterodyne frequeney
meter PLATE supply switch; heterodyne frequency
meter and heterodyne detector RANGE (coil selector)
switches; frequency controls; heterodyne frequency meter
OUTPUT control; heterodyne detector RIEGIENIERA-
TION control
Mounting: Standard 19-inch relay-rack mounting; dress-
panel construction; black erackle luequer.
Dimensions: Panel (length) 19 x (height) 10Y4 inches;
behind panel, (length) 17 x (height) 1014 x (depth) 1234
inches,

Net Weight: 47%4 pounds.

Code Ward Price

1106-A
1106-B
1106-C

PATENT NOTICE, See Notes 3, 4, puge vi.

\ Frequency Transfer Unit 100-2000 kc.‘
Frequency Transfer Unit 1-10 Mc . . ..
Frequency Transfer Unit 10-100 Mc . .

$900.00
900.00
900.00

ApouT !
ACTOR
ADEPT
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FREQUENCY

TYPE 1107 -A INTERPOLATION OSCILLATOR

USES: The principal use of the Type 1107-A
Interpolation Oscillator is, in connection with
a [requency standard, to measure the dif-
ference between the unknown frequency and a
known standard harmonie, The direct-reading
linear scales of 0 to 5000, and 5000 to 10,000
eveles make possible the rapid evaluation of
the frequency difference, by addition only,
with high aceuracy. While the dials are
marked as described, the actual frequency
range is 0-5000 cyeles,

The linear scale of this oscillator also
muakes it uselul for other types of work where
accurate frequency inerements are desived.

DESCRIPTION: The oscillator is of the bheat-
frequency type, with the radio-frequency
oscillators operating in the region of 45-50 ke.
The ecircuits are designed for exceptional
stubility of frequency against supply voltage
changes, tube capacitance changes and tube
replacements. A tube plate-supply regulator
is then employed as a further safeguard.

The variable-frequency oscillator frequency
is controlled by a precision variable air
capacitor, the fixed oscillator frequency by a
fixed air capacitor. The inductors of both
oscillator eircuits are wound on ceramic forms
and are shielded, effectively climinating un-
wanted coupling and reducing the effects of
changes in ambient temperature.

An output voltmeter is provided that can
also be used as a beat indicator for matching

213

AN
N

the oscillator output frequency o an un-
known audio frequency. Individual controls
are provided for the oscillator output and
unknown frequency voltages in order to
secure the maximum beat amplitude at any
level. The oscillator output voltage is prac-
tically constant over the whole range of fre-
quency.

FEATURES: > The fixed oscillator is provided
with a switech which permits changing the
frequency by exactly 5000 cycles. By thus
changing the frequency the oscillator can bhe
fitted with a scale reading 5000-10,000 cycles.
When measuring an unknown frequeney lying
below the standard frequency, the beat fre-
quency need not be subtracted from the
standard frequency to obtain the unknown
frequency. Instead the 35000-10,000 eyele
sceale is used and the reading is added to the
frequency of the next lower standard fre-
quency harmonic,

> An indicator light operated by the switch
indicates the proper seale to be read.

> Stability of output frequency, and linear,
easily read scales are features of great con-
venience in use.

> For measuring very small frequency inere-
ments, two direct-reading incremental fre-
quency dials (one for the 0-5000 scale and
one for the 5000-10,000 cycle scale) are
provided.

GENERAL RADIO COMPANY
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FREQUENCY

SPECIFICATIONS

Actual Frequency Range: 0-5000 cycles per second.
Dial Calibrations: DIRECT: 0-3000 eyecles, with the
oscillator frequency increasing from 0 to 5000 divisions
on the seale. REVERSE: 5000-10,000 eyeles with the
oscillator frequency deereasing from 5000 eyveles to zero
while seale reading goes from 5000-10,000 divisions., Af
REVERSE and Af DIRECT: 210 cyeles.

Accuracy: The instrument is aligned to agree with the
linear direct-reading scales to within =42 eycles.

The wvariable eapacitor is provided with a precision
worm drive so that preecise frequency settings can be
made. Small residual errors are easilv and quickly re-
moved in the region of any frequency in the range by fine
adjustment of the zero with reference to a frequency
standard having a 1-ke or 0.1-ke output, or both. I'or
evaluating very small frequeney differences, independent,
direct-reading frequency increment dials are provided.
Output: The ontput voltage is adjustable up to 15 volts.
The output eireuit impedance is approximately 600 ohms.
Mixer Circuit: A mixer circuit, with volume control, is
provided for injecting a frequency to be measured into
the amplifier eircuit. Beats may be observed on the out-
put meter, or by means of head telephones or speaker.

Type

Power Supply: 105 to 125 (or 210 to 250) volts, 50-60
eveles, Other voltages or frequencies on special order only.
Power Input: 50 watts, approximately.
Controls: ON-OI'F switch: DIRECT and REVERSE
seale switeh; Two Af and zero-set controls; main PRI
QUENCY control; OUTPUT and INPUT (mixer) vol-
ume controls.
Meters: Output voltmeter; used also as a beat indicator.
Terminals: Terminals, both on panel and at rear, are
provided for both mixer input and osecillator output.
Panel terminals are universal for two pin or coaxial con-
nectors. Rear terminals are for coaxial connectors,
Tubes: F'urnished with instruments:

2—0BACT 1—0D3 2—63NTGT

3—6J5GT 1—6X5GT
Accessories Supplied: TFuses; power cord; coaxial
connectors,
Mounting: Standard 19-inch relay-rack; dress panel
construction; black ecrackle finish.
Dimensions: Panel (length) 19 x (height) 1214 inches;
behind panel, (length) 1724 x (height) 12 x (depth) 12
inches.
Net Weight: 4114 pounds.

Corde Word Priee

1107-A_n| Inferpoluﬁon'()scillaior. O A RIS \

PATENT NOTICE. See Notes 3, 4, page vi,

$850.00

BARON |

TYPE 1108-A COUPLING PANEL

USES: This coupling panel is designed speci-
fically for use as the centralized control panel
in a frequency measuring equipment employ-
ing a Tyepe 1100-AP Primary Irequency
Standard (or Tyexr 1100-AQ Secondary I're-
quency Standard). The panel carries the
necessary switches and volume controls for
all operations in making frequency measure-
ments.

DESCRIPTION: The instrument contains the
following controls: FREQUENCY METER,

for selecting and combining the [requency

meter outputs of 1106-A, 1106-B and 1106-C
heterodyne frequency meter sections; STAND-
ARD FREQUENCY HARMONIC selector,
selecting 100-ke or 10-ke harmonie outputs, or
combination; individual volume controls;
DETECTOR selector, for selecting input and
output circuits of 1106-A, 1106-1, 1106-C
or an external detector (or receiver); an
ON-OFI" switch and wvolume control for
frequency being measured; NICRODIAL
switch; TEL-SPEAKER switch for trans-
ferring between telephones and speaker and
between detector and interpolator outputs.

SPECIFICATIONS

Terminals: At rear: by 24 shielded coaxial connectors
to all sources and instruments required; rear telephone
connection for use when adjusting standard against
standard frequency transmissions. At front: by shielded
coaxial eonnectors, harmonie output circuits of 1106-A,
1106-B, and 1106-C' heterodyne frequency meter sections;
input conneetion for frequeney being measured; by two-
point or standard telephone jack, connections for tele-

VETTL
1108-A | Coupling Panel. ..
PATENT NOTICE. See Notes 3, 4, page vi.

GENERAL RADIO COMPANY

P I T R I R

phone receivers.
Mounting: Standard 19-inch relay-rack mounting; dress
panel construetion; black crackle finish,
Dimensions: Panel (length) 19 x (height) 7 inches; be-
hind panel, (width) 17 x (height) 634 x (depth) 615
inches.
Net Weight: 16 pounds.

Cade Ward Price

| $250.00

BATTY
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FREQUENCY

TYPE 1109-A COMPARISON OSCILLOSCOPE

USES: This instrument is particularly in-
tended for use with a Typw 1100-AP Primary
Frequency Standard (or Tyee 1100-AQ
Secondary Frequeney Standard) as an aid in
making interpolations or checking calibra-
tions with high accuracy. With such stand-
ards and associated measuring equipment,
the Tyer 1109-A Comparison Oscilloscope
provides a convenient means of measuring
audio and carrier frequencies, or of calibrating
oscillators in these {requency ranges.

DESCRIPTION: The Tyer 1109-A Comparison
Oscilloscope contains a 3-inch, radial deflec-
tion cathode-ray tube and its power supply.
Selective amplifiers with power supply, phase-
shift networks, and controls are provided for
obtaining ecireular sweeps at the power line
frequency, at 0.1, 1, and 10 ke from the
frequency standard, and at variable frequency
obtained from the Tyer 1107-A Interpolation
Oscillator. A radial deflection amplifier is
provided, for displaying the input signal on

the circular sweep hase. Switching is provided
for selecting the sweep frequencies and for
seleeting any one of the several operations
normally involved in  making frequency
measurements or calibrations.

FEATURES: > The general use of ecircular
sweeps  provides symmetrical and  readily
interpretable patterns.

> By overloading the deflection amplifier it
is possible to identify easily frequency ratios
involving much higher integers than can be
identified in Lissajous patterns,

> Orvdinarily in the use of calibrated oscil-
lators, it is not necessary to identify a pattern;
it is only necessary to adjust the oscillator
s0 that the pattern stands still. A system of
known frequencies is ecasily established on
the basis of the fype of pattern obtained,
When used on base frequencies 10 or 100 times
higher, the same types of pattern correspond
to frequencies just 10 or 100 times higher
than the original system of known frequencies,

SPECIFICATIONS

Frequency Range: Useful patterns ean be obtained over
the frequency range from very low audio frequencies to
radio frequencies of a few hundred kiloeveles. In the
range up to 100 kiloeyeles, an input voltage of 0.5 volt
gives [ull radial deflection. Larger voltages give wvery
useful square-wave radial deflections.
Controls: ON-OIF switch; BRILLIANCE, FOCUS,
and CENTERING adjustments for eathode-ray tube;
sweep DIAMETER, and SHAPING controls; FRIE-
QUENCY selector for eireular sweep; SELECTOR for
sources to he compared.
Terminals: At rear, by coaxial connectors for standard
frequencies and for sourees to be eompared; on panel by
universal two-point and coaxiul connector to souree being
measured or calibrated (0 to 100 ke or more).

Type

Power Supply: 105 to 125 (or 210 to 250) volts, 50-60
eyeles. Other voltages or frequeneies on special order only.
Power Input: 30 watts, approximately.
Tubes Supplied: |—Type 3DPLA, 37 radial deflection
Cathode-Ray Ozcilloscope
2—6SN7GT 1—2X2A 1—6X5-G'T
1—6J5GT 1—G807
Accessories Supplied: Spare fuses; line connector cord:
Tyrr 874 Coaxial Connectors; one Tyre 274-MB Double
Plug.
Mounting: Standard 19-ineh relay-rack mounting; dress
panel construetion; black erackle finish.
Dimensions: Panel (length) 19 x (height) 7 inches: be-
hind panel, (width) 17%4 x (height) 634 x (depth) 12}y
inches.
Net Weight: 35 pounds.
Code Word Price

1109-A |
PATENT NOTICE. See Notes 3, 4, puge vi.
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$450.00
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FREQUENCY

TYPE 1110-A INTERPOLATING FREQUENCY STANDARD

USES: This instrument is a precision interpo-
lator for use with heterodyne frequency me-
ters, such as the Type 720-A, in making
frequency measurements in the ultra-high-
frequency range, up to 2000 or 3000 Me, and
with the Tyre 620-A Heterodyne Frequency
Meter in making frequency measurements
from 10 Me up to several hundred Me. It can
also be used for frequency measurements in
conjunction with high-frequency receivers
provided their frequency calibrations are
sufficiently good to identify frequencies
separated by as little as 199,. The Typr
1110-A  Interpolating Frequency Standard
and the Typr 720-A Heterodyne Frequency
Meter are particularly well suited for making
measurements of center frequency and fre-
quency swing on mobile F-M transmitters.
DESCRIPTION: The block diagram indicates
the essential elements of the instrument: (1)
a frequency standard, variable over a range
of 1000 to 1010 ke, or 19, and (2) a multi-
vibrator unit for frequencies of 1 Me¢ and
100 ke.®

The frequency standard consists of a 950-ke
crystal-controlled oscillator; a highly stable,
50-60ke. bridge-type. variable-frequency, L-C
oscillator; a modulator; and filter for selecting
the sum of the two frequencies as the final
output. The dial of the variable oscillator has
1000 divisions to cover 10 ke.

The 195 range of the output frequency
means that the frequency range of any multi-
vibrator harmonic is also 19;. The 100th

*General Radio Experimenter, Vol. XVIII, No. 9, February 1944,
“Continuous Interpolation Methods Part I1—Method IV.”

GENERAL RADIO COMPANY

harmonic of the 1-Me multivibrator can
therefore be adjusted continuously from 100
Me to 101 Me, giving complete coverage over
this interval. At 101 Me and higher harmonics,
the range from any multiple of 1 Me¢ to the
next higher multiple is less than 19, and so
these ranges are covered by less than full-scale
variation on the variable frequency oscillator
dial.

When the 100-ke multivibrator is used,
the 100th harmonic again has a range of 19
as the standard frequency is changed over the
full range of the dial, covering 10.0 to 10.1
Me, and for all higher multiples the range from
one multiple to the next higher is covered by
less than full-scale range of the variable fre-
quency oscillator dial.

The multivibrator harmonics give complete
frequency coverage from 100 Me upward, for
the 1 Me unit, and from 10 Mc upward, for
the 100 ke unit. When the Interpolating
Frequency Standard is used with the Typs
720-A and Tyre 620-A Heterodyne Frequeney
Meters, having ranges of 100-200 and 10-20
Me respectively, only the harmonics from the
100th to the 200th are used.

The dial of the Tyrr 720-A, for example,
covers 100-200 Me with calibration marks at
each megacycle. With the dial of the variable
frequency oscillator at zero, the standard out-
put frequency is exactly 1 Me, and all har-
monies are therefore standard frequencies,
which can be used to check the heterodyne
frequency meter at any scale graduation.

If the heterodyne frequency meter has been
set to zero beat with a frequency to be meas-

215
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FREQUENCY

ured, an approximate reading of the unknown
frequency is given at once on the dial. As an
(-\mml:- suppose the reading to be 162.3 Ne.
Using the Interpolating Irequency Standard,
the 1-Me nmhi\'il»r:nnr output is coupled to
the frequency meter. The oscillator dial is
then advanced from zero until the 162nd har-
monic (identified by the 720-A dial reading)
is advanced from 162.0 Ne to 162.3 Ale
approximately where zero beat is set. The
increment in frequency is determined from
the variable oscillator dial and 1s added to
162.0 Me to give the final result.

FEATURES: > This instrument is designed for
operation by zero beat adjustments only, over-
coming the need for wide-band ecircuits or
wide-band interpolating methods.

> All frequeney inerements are taken as posi-

tive, avoiding all need for subtraction or de-
termining the sign of frequency increments.
> Means are provided for checking the align-
ment of the variable frequency  oscillator
calibration in terms of the 9350-ke erystal
frequency,

> Since harmonices of the multivibrators fall
at all standard frequencies transmitted by the
U. 8. Bureau of Standards (WWV) it is possi-
ble to check the absolute aceuracy, including
the frequeney of the 950-ke erystal, by use of
a suitable receiver.

> To permit bringing the multivibrator out-
put close to high-frequency equipment, the
multivibrator unit is connected to the stand-
ard frequency unit by means of a cable. The
small multivibrator unit can then be moved
around without moving the larger unit.

SPECIFICATIONS

Frequency Range: The output frequency range of the
1110-A Interpolating Frequeney Standard is from 1000
to 1010 ke, The output fregquencies of the 1HI0-P1 Multi-
vibrator Unit are 1.0- and 0.1-Me¢ fundamentals with
harmonies up to 200 or more,

Calibration: The variable {requency
1000 divistons corresponding to 0,001 per cent or 10 parts

oscillator dial has

per million per division.

A list of check settings is provided on the panel. This
check ean be made at any time by simply plugging o
b ol 'ru':uh-\xntnu into the jack or binding POSsLS ;':“\'llil‘i[
on the panel. A trim
for adjus

tmer control on the |r.:1lt:| [,{'n\hln-q

with the ervstal,

the O=e tor 1o agrecinent

To [ conversion of the dial readings from
their | perecntage or parts pet million wvalues of
Ireqi \'inercement 1o |} ns of o "n'u:w'jw‘;" or '!l'
0.1 Me (100 ke i the number of dial divi-
sions for frequency inerements of 1,0 Me and 0.1 Me at

each harmonie from 100 to 220 is given on the panel. A
sitmple slide-rule ratio then gives the desired frequency
meremoent

Crystal Oscillator: The crvstal oscillator is :n[‘k\.«!ml 1o
within 1 part in a million of eorrect
temperature, It should be relinble to within =10 parts
per million at ordinary room temperntures. The eryvstal

lrequency at room

frequency can be checked and adjusted in terms of stand-

ard  froquency transmissions from WWV  using an

exactly 50 ke in terms of the eryvstal
Accuracy of Measurement: T

measurement is =20 parts

e "\'I'I'-.\ll fcouracy of

per million using the oseil

Iator dial directly. If the oscillator is
in terms of the

carefully trimmed
ervstal, the over-all necuracy is limired
principally by the error of the ery=tal

Vacuum Tubes: The following tubes nre supplicd

2 — GACT 3—06JoaT

L — GSN7-GT 1 — 540G Y

1 G=J7 1 — 9001

1 — USAT 1 — 2LAP-430 (Bridge Cireuit Lamp)

Power Supply: Either 105-125 or 210-250 volts, 50 to 60
eviles

Power Input: 85 watts from 1135-volt, 6il-eyvele line

Mounting: Tyre 1110-A, standard 19-ineh r rack:
dress panel eonstruction: blaek erackle fini yee
1110-P1 (attached to 1110-A by cable meta

cabinet
Accessories Supplied: Line connector cord; Typre
1110-P1 Multivibrator Unit with 3-foot connecting cable;
Quartz Plate (shipped installed),
Accessories Required: IHead telephones,

Dimensions: 1110-A Panel (longth) 19 x (height) 824
inches: behind panel, (length) 1714 x (height) 8% g x (depth
14 inches. 1110-P1 (length) 9 x (height) 54 x (depth)
51 1 inches,

Net Weights: Typre
Tyrr 1110-P1 Multivi

sSpare tuses;

1110-A assembly, 40 pounds;
tor Unit, 715 pounds.

Code Word

l"\'v"”.%l recoeiver, n taining !‘lll viar: ‘]I = 11( or nt
A’ 17
1110-A Interpolahng Frequency Standard .
PATENT NOTICE. See Notes 1, 2, 5, page
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FREQUENCY

TYPE 1213-A UNIT CRYSTAL OSCILLATOR

CRYSTAL OSCIU.AIDR

3.4

L
o e s

ﬂg'u'u L W

Tyre 1213-A Unit Crystal Oseillator shown eonnected to Tyre 1203-A Unit Power Supply.

USES: The Tyrr 1213-A Unit Crystal Oscil-
lator is a source of standard frequency har-
monies at multiples of 1-Me, 100 ke, and 10
ke, with a short term stability of the order
of 1 ppm (0.00019%). It is uselul for receiver
testing and calibration, band-edge checking,
frequency measurements, and as a marker
generator.,

DESCRIPTION:  The instrument consists of
a cathode-coupled 1-Me erystal oscillator
operating between two halves of a twin-triode,
one hall operating as a cathode follower and
the other as a grounded-grid amplifier. The
voltage aecross the 1-Me tuned cireuit in the
plate of the grounded-grid stage is fed back
to the eathode-follower plate cireuit, which is
used as a harmonic generator. Since the crystal
operates between two low-impedance cathode
cireuits, it is relatively unaffected by cireuit
parallel capacitances, resulting in improve-
ment of stability. A fine-frequency control is

provided to permit adjustment to exact zero-
beat with standard frequency radio transmis-
sions from WWYV or with other standard fre-
quency sources. Two 10-to-1 multivibrators
follow the oscillator, providing 100 ke and
10 ke output frequencies.

FEATURES: > | Me harmonies to approxi-
mately 1000 Me; 100 ke harmonies to 250
Me: 10 ke harmonies to 25 Me (when deteeted
with good receiving equipment).

> Can be used with the Tyrr 874-MR Mixer
Rectifier as a 1 Me marker generator up to
approximately 250 Me.

> Short period stability of approximately 1
part per million.

> Compaet, light-weight unit construetion.
> Frequency can be adjusted to exact zero-
beat with other frequency standard.

> At least 6 volts output on all three fre-
quencies,

> Iigh impedance output.

SPECIFICATIONS

Frequency: 1 Me, 100 ke, and 10 ke, The ervstal has
a temperature coefficient of one part per million per
degree centigrade. Under normal operating conditions
with n constant romm temperature, a stability of approxi-
mately one part per million can be obtained for a day's
operation,

Output: Greater than six volts for all three frequencies.
Harmonics Available: Up to approximately 1000, 250,
and 25 Me, respectively.

Controls: A ceramic wafer switeh to select desired out-
put frequencies,

Vacuum Tubes: Three 12AT7-type.

Power Supply: 300 volts de, 30 ma; 6.3 volts, 1 ampere,
ac.

Power Input: With 1203-A or 1204-B Power Supply.
15 to 31 watts, depending upon switeh setting.
Accessories Supplied: One mating multipoint con-
nector.

Mounting: Black-crackle-finish panel and sides, Alum-
inwn cover finished in elear Leqguer,

Dimensions: (Width) 95 x (height) 5% x (depth)

Terminals: Juck-top binding posts provided with Glg inches,
standard 34 inch spacing. Net Weight: 3 1hs. 12 oz.
Ty (,'n_rh{ Word I_’:*&-
1213-A Unit Crystal Oscillator™. ... .. Zasa e REBEL $130.00
1203-A Unit Power Supply. . . ......... Ersa ALIVE 40.00

SPATENT NOTICE, See Notes 2 and 5, page vi,
GENERAL RADI
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FREQUENCY

TYPE 620-A HETERODYNE FREQUENCY METER
AND CALIBRATOR

s
c0

USES: Although designed primarily for meas-
uring high and very high frequencies, this
instrument can also be used to measure
frequencies down to a few hundred kilocycles,
provided the signal being measured is suffi-
ciently strong. For communication companies
it provides an excellent means of rapidly
measuring the frequencies of a large number
of transmitters (either local or remote) in
addition to its use in calibrating and servicing
receiving equipment, Receiver manufacturers
will find it useful in checking the ranges of
receivers and oscillators. It is suitable for
monitoring the frequencies of radio trans-
mitters where the allowable [requency toler-
ance is +0.027; or greater.

DESCRIPTION: The schematic diagram shows
the essential clements of the instrument: (1)
a heterodyne frequency meter, (2) a crystal
calibrator, and (3) a detector and audio
amplifier,

The heterodyne frequency meter is direct
reading, an important operating convenience,
particularly when using harmonics. The fun-
damental frequency range is 10 to 20 Me.
This range is divided into 10 steps of 1 Me
sach, and the desired step is selected by
means of a coil switch. The main tuning
capacitor covers a range of 1 Me for each
coil, the dial being engraved to read hun-
dredths of megacycles directly. An auxiliary

218

dial, which drives the main dial through a
reduction gear train, carries a scale that sub-
divides the main scale divisions, the smallest
division being 0.001 Me or 1 ke. The fre-
quency of the heterodyne frequency meter is
given by the sum of the coil switch and
capacitor dial readings, subject to any scale
correction as determined by the erystal cali-
brating points.

FFor checking the calibration of the hetero-
dyne frequency meter, a piezo-clectrie cali-
brator, employing a one-megacycle low-tem-
perature-coeflicient quartz plate, is provided.
Several points on each coil range of the
heterodyne frequency meter may be checked.

The procedure in making measurements is
simple. When the unknown frequency is
within the fundamental range of the hetero-
dyne, the heterodyne frequency is set to zero
beat with the unknown, and the frequency is
read direetly from the dial. When the un-
known is above or below the heterodyne
fundamental range, the dial reading must be
multiplied or divided by the harmonic number.

FEATURES: » A very wide range of frequen-
cies can be measured with the Tyer 620-A
Heterodyne IFrequency Meter and Calibrator.
> lixcellent accuracy has been combined with
simplicity of operation.

> The direct-reading frequency scale makes
convenient and rapid measurements possible.

GENERAL RADIO COMPANY
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> A high degree of frequency stability in the
oscillator is obtained by careful design and
construction. Ball bearings are used in the
variable air capacitor and the inductors are
wound on steatite forms to keep losses and
temperature coeflicient low.,

> Liither batteries or the built-in a-¢ power
supply can be used.

SPECIFICATIONS

Frequency Range: The fundamental frequency range is
from 10 to 20 megaeyeles, in 10 ranges of 1 Me each. By
harmonie methods frequencies between 300 ke and 300
Me are easily measured,

Frequencies up to about 300 Me can be mensurod by
M'Ilirlu a harmonie of the heter u|_\‘lu' fn_-an‘nl‘y meter 1o
zero beat with the unknown. In general, the beat is
obtained in the detector, but for the very highest fre-
queneies it is advisable to use an auxiliary receiver, For
frequencies below 10 Me and down to about 300 ke,
harmonies of adequnte strength for measurcement can be
generated in the deteetor tube provided a sufficiently
strong signal is applied to the instrument. For weak
stgnals, a loenl oscillator as a harmoniesgenerating means
i“ necessary.,

Calibration: The capacitor dials are graduated to read
decitnnl fractions of megacyeles dirveetly, the smallest
division vorresponding to 0,001 Me (1000 eveles),

Calibrator: A 1-Me piezo-electrie oscillutor, employing
a low-tempernture-coeflicient guartz plate, is provided
for cheeking the ealibration of the frequency meter.
Harmonies of 1 Me [all at the upper and lower limits of
the dial, giving a bracketing cheek on each coil range of
the hetorodyne frequeney meter. Harmonies of the hetero-
l‘!_\ ne :|f~n |.'w|.|1r|' beats with harmonics of the l'."||l!|l:!!Iit,

chocking points at multiples of 14, 14, 44, and 14
, over the dial range. Since these points occur at
the same dial readings for each range, checking is made
very simple and convenient.

Accuracy: The over-ull accuracy of measurement is
0,017 or better when the frequency meter is checked
in terms of the erystal ealibrator and the resulting corree-
tion applicd to the dial reading.

Vacuum Tubes: The following tubes are used and are
supplied with the instrument:

1 — 054 | — 84 3 — 055

Type

FREQUENCY

Closeup view of the tuning dial, showing details of the

Fﬂ':![l‘.

Power Supply: Lither 105 to 125 (or 210 to 230) volts,
50 to 60 ['}'('I[',\_ or 6 and 180 volts de, A switeh on the
panel selects the type of power supply desired. The asc
operated power supply is built in. Batteries are not sup-
plied.

Power Input: 15 watts (rom 115-volt, G0-cyvele supply,
Mounting: Standard 10-ineh relay-rack panel, finished
in black-erackle lacquer.

Accessories Supplied: One-megaevele quartz plate:
line connector cord; spare fuses; two multipoint con-
nectors.

Accessories Required: Head telephones, which ean be
eonnected either at the panel or at the rear of the instru-
ment.

Dimensions: Panel, (length) 19 x (height) 8% inches;
behind panel, (length) 173 x (height) 83§ x (depth)
1134 inches,

Net Weight: 3284 pounds,

Code Word Price

620-A | H;terodyne Frequency Meter and Calibrator |

PATENT NOTICE. See Notes 2, 5. page vi,

COUPLING

OSCILLATOR

CRYSTAL
CALIBRATOR

GENERAL RADIO COMPANY

DAISY [ $-625.070

DETECTOR
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FREQUENCY
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TYPE 720-A HETERODYNE FREQUENCY METER

USES: The T'yre 720-A Heterodyne Frequencey
Meter is used for the measurement of fre-
quency in the v-h-f and u-h-f bands. It ex-
tends the field of the familiar heterodyne
method of measurement up to about 3000 Me,

In conjunetion with the Tyre 1110-A Inter-
polating Frequencey Standard, this frequency
meter is nseful in mensuring center frequency
and frequency swing in =N mobile trans-
mitters.

DESCRIPTION: The principal elements of the
instrument are a culibrated oseillutor, a erys-
tal detector and an audio amplifier. The
frequency-determining element of the oscil-
lator is a butterfly cirenit, in which the
l':l}l:u'ihlm't' and the inductance are varied
simultaneously. The movable part of the
cireuit rotates in ball bearings. No sliding
contacts are used, and no current is carried
by the bearings. This permits a smooth and
stable adjustment of frequency. The oseil-
litor frequency is adjustable between 100
and 200 Me, Harmonies of the oscillator are
used to measure frequencies above 200 Me,
and harmonies of the unknown are used at
frequencies below 100 Me,

The detector is a standard silicon erystal,
so mounted that it is easily waccessible for
replacement. A spare is furnished.

220

The three-stage audio amplifier has an
effective band width of 50 ke. The output of
the amplifier operates a panel meter and a
built-in loudspeaker. A jack is provided as
well for head telephones.

The entire assembly is battery-operated.
completely sclf-contained, and mounted in
a portable, fabric-covered cabinet. Complete
operating instiuctions are mounted in the
cover of the cabinet.

FEATURES: > The sensitivity obtainable with
the heterodyne method of measurement per-
mits this instrument to be used on compara-
tively weak signals.

> No direet connection to the source under
measurement is usually required, because of
the adjustable antenna mounted on the
panel. However, provision is made for con-
necting an additional pickup wire if necessary.
> A wide range of frequencies can be meas-
ured with the single fundamental frequeney
band, and the dial arrangement is such that
small frequency inerements can be measured
precisely,

> The butterfly type of tuned circuit avoids
most of the difficulties inherent in variable-
frequency elements at ultra-high frequencies.
> Either batteries or an a-¢ power supply
can be used with the instrument.

GENERAL RADIO COMPANY
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FREQUENCY

SPECIFICATIONS

Frequency Range: The fundamental frequency r:

from 100 to 200 megaeyeles, This range is covered i

single band wi approximately logarithmice frequeney

distribution. By h:

ionic methods I:vql:n'm‘iv,\ between

10 megaeyeles and 3000 megaeyeles can be measured.

Sinee harmonies of the internal oscillator are considerably

stronger than harmonies of the unknown as generated in
the det i

4||xl'!|¢'it'~ below the rar

setor, the ivity of the instrument for fre-

+ of the oscillator fundamental i

considerably less than that at frequencies equal to or
above the oscillator fundamental

Beat Indication: Witl
will be heard in the small dynamie speaker in the front

1 strong signals a strong beut note

panel. For weaker signals a pair of headphones should be
used. In addition to the audible beat, n visual indication
is obtnined by the defleetion of the panel meter. Since
the band width of the detector cireuit is 50 kiloeyveles,
the panel meter will defleet even when the frequeney
measured is unstable and does not produce a steady
audible beat note,

Calibration: The m
each division corresponding 10 one megaceycle

dial is calibrated in frequeney,

The slow-motion drive i1s geared to the tuning unit and
250 uniform divisions. 2ach one of these

its dial carries
divisions corresponds approximately to a  frequeney

change of 0.01%. Y |

Accuracy: The over-all accuracy of ineasurement is
40.19;. For measurements reqguiring greater accuraey,
the frequeney meter can be used with the Tyre 1110-A View of the butterfly-type tuned circuit used in the
Interpolating Frequeney Standard, page 215 Tyre 720-A Heterodyne Frequency Meter.

Temperature and Humidity Effects: Over the range - = o o

P h ' y - Mounting: The Tyre 720-A Heterodyne IFregueney
of roomn conditions normally encountered, temperature Motor 1 hiclded ; ISP
: v . Mer is ! -, 1 a sl 2 ' 144 1€ case urable
and humidity do not affect the accuraey of theinstrument eler 15 mounted. m & sHIICIEC CAITYING CASe OF QMR
: :Ill]r':l|l1'<1'12‘i:lL!L' construction. Complete operating in-

Input Terminal: A short adjustable rod serves as an-

s e s ’ structions are :xll:\r‘!u'«l to the cove
tenna to pick up the unknown signal, Additional length

and a 1'("11{»11-5|-
wiring di: with eircuit constants, is attached to

Pa

0ol wire can }vl’ Z\TIZH‘}H"":

| is finished in black

Vacuum Tubes: The following tubes are used and are kle laequer.

supplied with the instrument Accessories Supplied: One 1N21-B Crystal is supplied
1 —INSGT/G as a spare in addition to the one in the instrument.
| —1DS-GT Accessories Recommended: Headphones which can
1 — 958-A be P red in on the l:tvlnl p:llu'!. and whieh can be

Qs stored in the cover of the instrument

Power Supply: A Burgess 6'UAGO Battery is supplied Dimensions: (Height) 14 x (width) 12L4 x (depth)

with the instrument. For a-e operation the Tyre 1261-A 1014 inches, over-all, including cover and handle. Panel

Power ,"||].;.|}_ can be used (see page 121), but must be ]UI"; X !l::1 inches.

ordered separately. Net Weight: 2715 pounds, with battery,

Ty Caode Word Price

72&-A Heterodyne Frequeﬁcy Meter. . ......| FANCY \ ;1710.00
1261-A | A-CPowerSupply. ................ NUTTY 128.00

PATENT NOTICE. Sece Note 10, page i

OSCILLATOR V-2

|—— AUDIO ANPLIFIER ——_.]
e —

SPEAKER

CRYSTAL VOLUNE } PHONES
DE TECYOIH CONTROL

GENERAL RADIO COMPANY 221
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FREQUENCY

TYPE 1176-A FREQUENCY METER

USES: The Typr 1176-A IFrequency Meter
can be used as a general-purpose instrument
for determining the frequency of an unknown
source, or continuously monitoring the fre-
quency of a system.

I'or the electronics laboratory it provides
a convenient means of measuring audio and
supersonic frequencies up to 60 ke, regardless
of waveform. FFor monitoring radio transmit-
ters, it can be used in conjunction with a
crystal monitor, such as the Tyre 1171-A
(see page 194), to indicate continuously the
deviation from assigned channel [requency.

DESCRIPTION: The circuit consists of (1) an
input amplifier followed by (2) a series of
clipping and limiting amplifiers, and (3) a
frequency-indicating circuit composed of a
capacitor, a diode, and a d-¢ microammeter.
The function of the clippers and limiters is to
convert the input signal to a square waveform

so that the indication is not affected by
changes in amplitude or waveform of the
input signal.

FEATURES: > Direct-reading scales, and a
single range-selector switch, permit rapid
frequency measurements to be made.

> A well-regulated power supply eliminates
all effects of line voltage changes,

> Individual scale calibration adjustments
are provided for each range.

> An external meter can be connected to the
instrument through a multipoint connector
on the rear of the unit.

> Two sets of input terminals are provided
on the panel and, on the rear of the unit, a
multipoint connector provides a means of
attaching more permanent connections. Plug-
ging into the W. . panel jacks automatically
disconnects the rear terminals,

SPECIFICATIONS

Range: 25-60,000 eyeles per second in six ranges. 1Mull-
seale values are 200, 600, 2000, G000, 20,000, 60,000
eyeles,

Accuracy: (27 of full seale 4 2 cycles), for all ranges.
When operating on the 60,000-eyele range, with less than
0.5 volt input, the aceuracy becomes =395 of full scale.

Input Voltages: (.25-150 volts.

Input Resistance: 500,008 ohms, for all ranges. One
side grounded.
Input Waveform: The readings are substantially inde-

pendent of waveform, so long as the dissymmetry of the
positive and negative portions of the wave is less than 8:1.

Power Supply: 103-125 (or 210 to 250) volts, 50-60

Vacuum Tubes:
1—6H6-GT
1—0H8Q7-GT
1—6X5-GT
1—6VE-GT

1—6SN7-GT
1—6J5-GT
2—68J7-GT
1—0A3
I—Amperite 3-4

All vacuum tubes are supplied.
Mounting: Standard 19-inch relay-rack panel; aluminum
end frames are available to convert to table mounting.
(See price list below.)
Panel Finish: Standard General Radio black erackle.
Certain standard gravs which ean be processed in quan-
tity can also be supplied.
Accessories Supplied: Line connector cord and multi-
point conneetor; spare fuses,
Dimensions: Panel, 19 x 514 inches; depth behind panel,

ayeles. 1114 inches,
Power Input: 50 watts. Net Weight: 1914 pounds.
Tupe Code Word Prflr_r?
1176-A Frequency Meter......... T TIMID $285.00
FRI-310 End Frames for Type 1176- 7 S ENDFRAMCAT 10.00 pair

PATENT NOTICE. See Notes 2, 16, page vi,
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FREQUENCY

TYPE 724-B PRECISION WAVEMETER

USES: The precision wavemeter fills a definite
need in the field. of frequency measurement.
Its accuracy is sufficient for many measure-
ments which require a fairly close knowledge
of the frequency, but where more precise het-
erodyne methods are neither necessary nor
convenient. Among these applications is the
preliminary lining up of radio transmitters
and checking the frequency span of oscillators.

DESCRIPTION: The Tyre 724-13 Precision
Wavemeter is a tuned-circuit instrument,
consisting of a precision capacitor, a reso-
nance indicator, and a set of inductors. The
apacitor is similar in constructional details
to Type 722. (Sce page 50.)

FEATURES: > No cumbersome calibration
curves are needed beeause of the straight-line-
frequency capacitor. The calibration data
are in tabular form, and specific frequencies
are found by interpolating between the
points in the table.

> Measures ultrasonic and low radio fre-
quencies accurately and simply.

> The plug-in coil mounting allows the coil
to be rotated to obtain different degrees of
coupling. This feature is a considerable con-
venience in operation, making it unnecessary
to hold the wavemeter in awkward positions
to couple it to oscillator tuned eircuits.

SPECIFICATIONS

Frequency Range: 16 kilocycles to 50 megacyeles.
Accuracy: ==0.25%%.

Calibration: The calibration is supplied in the form of a
table of calibrated points. Linear interpolation between
these points is used to obtain settings for other fre-
queneies. At least 13 points per eoil are given.
Capacitor: Precision wormsdrive tvpe similar to Tyrg
722, The eapacitor setting is indicated on the dial and
drum and is controlled from the front of the panel,
There are 7500 divisions for the entire 270-degree angular
rotation of the capacitor rotor. The precision of setting
is better than one part in 23,000, The plates are shaped

GENERAL RADIO COMPANY

to give an approximately linear variation in frequency
with seale setting.

Inductors: Coils are wound on steatite forms and en-
closed in molded phenolie cases, Seven coils are used to
cover a {requeney range between 16 kilocyeles and 50
megacyeles, with adequate overlap,

Resonance Indicator: A germanium eryvstul rectifier is
used with a microanumneter to indicate rezonance. The
indicator is coupled to the tuned circuit through a
capucitive voltage divider

Crystal: A IN34 germunium erystal rectifier is used.
Mounting: Capacitor is mounted on an aluminum panel

223
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FREQUENCY

finished in black erackle lacquer. Cabinet is of walnut
shielded. A wooden storage case, fitted with lock and
carrving hundle, is furnished. This has compartments for
holding the capacitor, inductors, and calibration charts.

T ype

Dimensions: Carrying ease, 167§ x 13 x 12'4 inches,
over-all.

Net Weight: With carryving ease, 34 pounds: without
carrying ease, IS pounds.

Code Word Priee

¥7;24-B Precision Wavémeter

TYPE 758-A

USES: In the veryv-high-frequency range, 56

to 400 Me. this wavemeter provides a con-

venient and aceurate means of measuring the

frequencies of oscillators.

DESCRIPTION: Typrr 758-A Wavemeter is a

tuned-cirenit absorption type of instrument,

in which the capacitance and inductance are

varied simultaneously. This permits o wide

range of frequeney to be covered with a

single coil. The coil ig connected permanently

into the eireuit. The resonance indieator is an

incandescent lamp.
SPECIFICATIONS

Range: 56 Me to 400 Me, direct reading.

Accuracy: 2.

Temperature and Humidity: The accuraey of this

wavemeter is completely independent of temperature

and humidity effects over the ranges normually encoun-

tered.

Resonance Indicator: Incandescent lamp.

Accessories Supplied: Two spare indieator lamps,

Mounting: Transparent with hexagonal

phenolic end pieces,

Dimensions: 5 x 3 x 431 inches, over-all.

Net Weight: 194 pounds.

TYPE 1140-A U

black

case

USES: This instrument fills the neced for a
frequency measuring instrument of moderate
acceuracy covering 250 to 1200 Me.

DESCRIPTION: The frequency-determining ele-

ment in the Typer 1140-A Wavemeter 1s a
butterfly cireuit. The resonance-indicating
Tupe

$295.00

WOMAN

WAVEMETER

Type Code Word Price

- 758-A | Wavemeter. . .| WITTY | $40.00
-H-F WAVEMETER

circuit consists of a crystal detector and a
microammeter. The dial has a direct-reading
drum-type frequency scale and a slow-motion
drive.

FEATURES: > Low losses and permanence of
calibration are assured by the butterfly
circuit, which requires no moving contacts.
> A wide frequency range is covered by
single rotation of the dial.

> The small detector cartridge is easily re-
placed, if burned out or damaged, without
atfecting the calibration.

> Sensitivity s sufficient to give
reading with oscillators having only
walls output.

SPECIFICATIONS

Range: 250 to 1200 Me. Accuracy: +27,,
Temperature and Humidity: The accurney of this
wavemeter is independent of temperature and humidity
effects over the range of room temperatures and hamidi-
ties normally encountered in the laboratory.
Detector: The detector is mounted in a standard ear-
tridge and ean be replaced if damaged by overloading
A IN21B Silicon erystal deteetor is used.
Dimensions: 4 x 414 x 714 inches, over-all.
Net Weight: 3 pounds.

Code Word

i

a4 meter
20 milli-

Price

1140-A
PATENT NOTICE.
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See Note 1), page vi.

GENERAL RA

| Wavemeter. . ...............

.| WAGER $85.00 V
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PARTS AND ACCESSORIES

Many of the parts used in laboratory in-
struments must be designed with different ob-
jectives in view from those that govern the
design of parts for radio receivers and similar
assemblies. Long life, unfailing reliability,
convenience of connection, and known elec-
trical characteristics are a few of these. Be-
cause of these considerations, many ol the
parts used in General Radio instruments are
manufactured by the General Radio Com-
pany. Recognizing the general need for high-
quality parts for use in laboratory setups and
in high-quality equipment, GR has also made
these parts available for general sale. Design
emphasis has been not only on high-quality
materials and workmanship, but also on pro-
ducing integrated groups of basic elements
that fit together mechanically, work together
electrically, and have a unity of appearance.

An excellent example of the integrated line
is found in General Radio binding posts, plugs
and jacks, and coaxial elements. The Tyre
938 Binding Post uses high-quality material—
brass with Bright-Alloy plate for high con-
ductivity, polystyrene insulation for high re-
sistance and low power factor, either red or
black for color coding. It ean be mounted on
metal or insulating panels, of a thickness from
zero 1o 3 inch. The captive top will clamp a
spade terminal or any size wire up to No. 10
without shearing; and will aceept a "I'vee 274
Plug or a Tyrr 838 Alligator Clip. The plug
seats with a taper into the chamfered binding-
post body to assure mechanical stability. The
binding post has the same height above panel
as the Tyrr 874 Coaxial Connector, whose
center will take a Tyre 274 Plug, so that a
grounded binding post can be mounted ad-
jacent to the coaxial connector to fit a Tyre
274-M1 Double Plug. Insulators are keyed to
binding post and to panel for positive register.
The insulators will also mount a Tyrr 938
Jack. Both binding post and jack have solder-
ing tips—mno lugs are used.

Flat insulators (Tyee 938-Z) mounting two
binding posts are also available and are par-
ticularly easy to assemble since 24 inch spac-
ing is provided without precision machine
work.

The Tyrre 874 Coaxial Connector is de-
signed specifically for use in measurement
cireuits. It has excellent electrical character-
isties, and, by virtue of its universal character,
no separate plug and jack types are necessary.
This results in an economy of parts within the

GENERAL RADIO COMPANY

measurement setup, while a wide variety of
adaptors are available to connect, to external
systems using other standard types ol con-
nectors. Typre 874 Coaxial Connectors are
listed in a separate section (see pages 122-139).

General Radio plugs and jacks are designed
for positive and reliable contact. The plug
seats firmly in the jack so that the plug gprings
are not depended on for mechanieal stability.
Double plugs (Tyer 274-MB) are molded of
polystyrene, which prevents the hand from
touching metal when they are plugged in,
and can be stacked.

The Tyrr 838-B alligator clips are Bright-
Alloy plated, over high-quality phosphor
bronze. They have narrow jaws to clip into
binding-post tops and can therefore be used
with both insulated and uninsulated types.

General Radio dials are made for 34-inch
shafts but sleeves are furnished to adapt them
for 14-inch shafts. Models with either etched
or engraved scales are available. Models in-
clude direct-drive, friction-drive, and gear-
drive types. Dial material is 51-S aluminum
alloy with attractive matte finish.

IXnobs are durable phenolie, and are avail-
able separately in a variety of models and
sizes, consistent in style with the binding
POstLS.

Gieneral Radio precision rheostats and volt-
age dividers are designed for quality instru-
ment applications where long life, low noise
and close tolerances are needed.

The variable air capacitor, Typr 1428 is
designed specifieally for instrument use. This
high-quality, rugged, low-loss unit is supplied
in several different capacitance ranges.

Tyri 041 Transformer is a general-purpose
impedance-matching transformer useful as a
laboratory accessory or for building into audio
and supersonic equipment. It will mateh 600-
ohm lines to ecircuits ranging in impedance
from 3715 ohms to 9600 ohms. It has an ex-
cellent frequency characteristic, spanning four
decades.

The Type 942-A Transformer is a high-
level output and impedance-matching unit
with excellent frequency range and minimum
distortion. The primary has separate wind-
ings, rather than a center tap, making the
transformer useful for the recently developed
push-pull single-ended amplifier as well as
conventional push-pull circuits.

225
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RESISTORS

RHEOSTATS AND VOLTAGE DIVIDERS

Variable resistors and voltage dividers are
useful in assembling experimental equipment
where tube voltages and cirenit elements are
to be varied until the final design is obtained.
In standard equipment, such as oscillators,
bridges, test equipment, and industrial instru-

ments, many manufacturers find General
{adio rheostats extremely useful as filament-
and plate-supply controls, output controls,
bridge arms, and as parts of almost any instru-
ment where variable resistances are needed.
Units with speeial resistance values or toler-
ances can be made to order. In addition to the
ordinary linear models, certain tapered units
of both the straight and exponential types can
be made to satisfy particular requirements.

The resistance wire is wound on a strip of
linen- or nylon-reinforced phenolie insulating
material, which is then bent around and fas-
tened to the molded supporting form.

Wires are wound as closely as possible in
order to get the maximum number of turns
and hence maximum fineness of setting for a
given resistance.

The various resistance values and resistance-
rotation curves (tapers) are obtained by vary-
ing one or more of the following parameters:

(a) Wire size

(b) Shape of wire cross seetion, such as the

use of ribbon (instead of the conven-
tional circular cross-section wire)

226 GENERAL

(¢) Wire spacing

(d) Wire alloy

(e) Size of molded base

(f) Shape of winding mandrel (the form
upon which the wire is wound)

Molded bases vary in diameter from 1134
inches to 3 inches, and the width of the man-
drel (affecting the depth behind the panel)
from ",;“', inch to '2]“-, inches. Wire :1”1).\'» used
are listed in the table on the following page.
Most are made by more than one supplier,
and under various trade names, hence trade
names are omitted, Winding mandrels with
parallel sides are used to produce linear
potentiometers. Other tapers are achieved
using trapezoidal, double trapezoidal, expo-
nential, and combinations of straight and
curved sections.

To achieve precisely linear mandrels or
mandrels that track accurately a particular
curve, special machine-finished, contoured
mandrel edges are used. The molded phenolic
base is also specially machined.

Shafts are supplied in phenolie or stainless
steel, depending upon the model. The phenolie
material is chosen to have a high degree of
surface hardness. All shafts are centerless
ground. Shafts turn in accurately machined
brass bushings which are molded into the
phenolic form. Construction is so arranged
that the shaft may extend through either or
both ends of the rheostat.

All models are provided with mounting
holes and with terminals which connect to
both ends of the winding and to the contaet
arm. This arm is in continuous contact with
the winding, and there is no “off” position.

The take-off brush used on Tyrr Numbers
301, 214 and 371 is a single nickel-plated
phosphor-bronze blade making contact along
the edge of the mandrel. The brush used on
Type Numbers 314 and 471 is a formed
precious-metal-alloy  wire making contact
along the inside circumference of the mandrel.

Gieneral Radio rheostats and \’nll:m(* di-
viders are manufactured in-five basic models
under several different types of construction.
The essential features of each type of design
are listed on the facing page. A fluted phenolic
knob is supplied with each unit.

These units are available from stock in
listed standard resistance values, which are
decimal multiples of 1, 2 and 5 ohms.

RADIO COMPANY
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RESISTORS

GENERAL SPECIFICATIONS FOR UNITS ON

PAGES 229,

Accuracy: All types are wound 1o an accuraey of £57¢
of the nominal maximume-resistance values listed.

Maximum Current: The
rent which will produece the rated power dissipation when

maximum current is the cur-
flowing through the entire winding. This current should
not be exeeeded in any portion of the winding.
Terminals: Scerew terminals with tinned soldering lugs
are provided on all models,

Accessories: All models are supplied with the necessary
serews and nuts for mounting, a template for laying out
the mounting holes, and pointer-ty pe knoh.

Mounting: All modelz ean be arranged for either table
0or ;A:uu'l humn'inﬂ.

230,

AND 231

Dimensions: Over-all size and mounting dimensions are

shown on the <ketehes,

Power Rating: Approximate power ratings of the various
models are given for a temperature rise of from 30 to G0
degrees Centigrade for open shelf or panel mountings.
When units are mounted in slightly
higher temperature rises or somewhat reduced ratings are

enclosed spaces,

to be expected,

Wire: Various kinds of resistance wire are used on the
stundard models. Their charaeteristies are listed in the
table below.

(Mhums per Temp., Coedl Thermal AP

Circular af Resistanee )
Wire Com position Ml Foot (20-100PC Copper
A (‘opper Nickel (Constantan) 204 20 in 10° ~43 1V /°C
L (‘opper Nickel 60 +710 —
N Nickel-Chiromiume-Iron 675 +170 +25
E Nickel-Cliromium (modified) S00 + 20 4 1
R Chrominm-Aluminum=Iron. . .. ............ SO0 + 70 —

TYPRPE

IType 301-A. A small, compaet unit similar in construe-
tion to the Typre 214,

Maximum Dissipation: 4 without protecting
strip (5€2-1,00042). 3 watts with protecting strip (2,000 £2
20,000 €2).

Winding Length: 337 inches.

Useful Angle of Rotation: 2589,

Shaft: 4-inch stainless steel.

Knob: Tyre KNSP-6.

Net Weight: 3 ounces.

waltts

~—2 MTG.HOLES
me “NO 25 DRILL

Maximum Vazimum

301

§
§
§
¥
£
:

Approx.

Ty Resistance Current Turns Wire Code Word Price
301-A 5¢ 0.9 a 140 L PALSY $2.75
301-A 10 ¢ 0.65 a 180 L REMIT 275
301-A 20 4 450 ma 225 L RENEW 2.75
301-A 50 280 ma 190 A RIFLE 275
301-A 100 ¢ 200 ma 235 A RIGID 2.75
301-A 200 ¢ 140 ma 300 A REBUS 2,75
301-A 500 i 90 ma 375 A RIVAL 275
301-A 1,000 ! 65 ma 175 A RAVEL 3.00
*301-A 2,000 ¢ 39 mn S80 A READY 3.00
‘301-A 5,000 ¢ 24 mu 630 N ROMAN 3.00
‘301-A 10,000 17 ma 780 N CURRY 3.00
‘301-A 20,000 12 ma | 840 ] R CRUMB 3.00

* Supplied with linen-phenolie protecting strip,

GENERAL RADIO COMPANY
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RESISTORS

TYPE 371 AND TYPE 214

Type 371-A. The resistance wire is wound on a linen- derivative incrensing with clockwise rotation of the knob
phenolie strip, which is securely clamped to the support- in a pancl-mounted unit).
ing form. The contact arm is a specially formed single Maximum Dissipation: Tyee 371-A, 15 watts (12
phosphor-bronze blade that provides smooth and firm watts with protecting strip); Tyre 371-T, 8 watts,
contact with the edge of the winding Winding Length: !,'::1‘5 inches.,

Useful Angle of Rotation: 303°,
Type 371-T. In this unit the resistance form is tapered Shaft: Y4-inch stainless steel.
linearly, so that the variation of resistance with angle of Knob: Tyre KNSP-8,
rotation follows a square law (the resistance-rotation Net Weight: § ounces.

TYPE 214-A

3 MTG.HOLES
NO 25 DRILL

{m?—;—-] l——z

TYPE 371
Maximum Mazximum Approx.
Type Resistance Turrent Turns Wire Code Word Price
371-A 1,000 ¢ | 120 ma 615 A | mEpan | $5.25
371-A 2,000 | G0 ma THH A REFIT 525
371-A 5,000 « 55 ma l Q490 A ROTOR 5,25
*371-A 10,000 @ 34 my | 11856 A ROWDY 5.25
*371-A 20,000 24 ‘ L0200 N RULER 5.25
*371-A 50,000 ¢ 16 ma 1600 N SATY It 5.25
*371-A 100,000 @ 11 ma 1800 i AEPOY 5.25
F*371-T 10,000 0 | 28 mu 1100 N SULLY l 5.25
* Supplied with linen-phenolie proteeting strip,

= Taperaed to give square-law ion resistanes with angle

Type 214-A, Similar to the Tyee 371-A in every respect Maximum Dissipation: 10 wutts.

except that the witichng form is narrower. See dimonsion Knob: Tyrr KNSP-S,

drawing ahove. Net Weight: (i ounces

Mazinm Maximum Approx.

T'yne [eesistenee Crrrend Twurns Wire Code Waord Price
214-A 10 @ 1.04 200 A RURAL $3.50
214-A 20 @ (LT n 250) A RAZOR 3.50
214-A 50 u 450 ma B{H4] A RAPID 3.50
214-A 100 @ 320 ma 3635 A RIVET 3.50
214-A 200 « 220 1ma 175 A EMPTY 3.50
214-A 500 « 140 1na f0 A ROSIN 3.50
214-A 1,000 « 100 ma T4 A ENACT 3.50
214-A 2,000 70 ma a0 A EAWAIY 3.50
214-A 5,000 ¢ 40 ma 1150 A ROWEL 3.50
*214-A 10,000 « 28 ma 1250 N RUMOR 3.50

" Supplied with linen-phenolic protecting strip,

228 GENERAL RADIO COMPANY
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RESISTORS

TYPE 471 AND TYPE 314

Type 471-A. A high grade unit suitable for use in high-
;|u]|-'-:l mee cireuits
Wind

turbanee by an ext prao strip of linen phenolic

otected from mechameal damage or dis-

a precious metal alloy

ration,

TYPE 47

Varinem Maxtmum A ppro,

Ty Resistanee (wrrent Turns Wire Code Word
‘471-A 10,000 RERTIT 030 N ERECT
‘471-A 20,000 u 25 ma 1200 N HUMAN
471-A 50,000 15 ma 1420 N ERODE
"471-A 100,000 :: 1) ma 1500 i ERUPT
*471-A 200,000 i N 1940 R ESKER

* Supplied with linen-phenolic protecting strip.

Maximum Dissipation: 12 watts
Winding Length: 675 inches.
Useful Angle of Rotation: 300°,
Shaft: *§-inch phenolic.

Knob: Tyre KNSP-S

Net Weight: S ounces,

3 MTG. HOLES
,—#25 DRILL ON
78" RADIUS

I—.g‘;lL

TYPE 314

Type 314-A. Similar to Tyere 471-A in every respect Maximum Dissipation: 8 watis.

except that the winding form is narrower,

Waxrinum Waximum

Ty m Resistance Curront
‘314-A 1,000 RURTTHY
‘314-A 2,000 u 153 ma
'314-A 5,000 10 i
"314-A 10,000 1! 28 mu
‘314-A 20,000 20 ma
"314-A 50,000 : 143 ma
'314-A 100,000 1« 0 ma

Supphed with linen-phenolie protecting strip,

Knob: Typre KNSP-S
Net Weight: 6 ounees,

A pprox,

Trng Wir Code Word
(A A\ DIVAN
St \ ENEMY
1100 \ ENJOY
1250 N MYVER
1500 N ENROI
1540 R DONAX
20000 It DONGA

GENERAL RADIO COMPANY
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FPrice

$7.00
7.00
7.00

7.00

Pricy

$5.25
5.25
5.25
5.25
5.25
5.25
5.25
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PARTS AND ACCESSORIES

TYPE 942-A OUTPUT TRANSFORMER

USES: This transformer is designed primarily
as a versatile outpul transformer working at
high power levels with minimum distortion.
Its Tour primary windings and two pairs of
secondary windings can also be combined to
give 18 impedance ratios from 4.42:1 to
1650:1. It is suitable for use in high-quality
sound-reproducing systems, in modulators for
racdio transmitters, and for general use as a
high level matehing transformer, either step-
up or step-down,

DESCRIPTION: The high-quality toroidal core
arries eight individual windings, four identi-
al  duplex  (semi-circumferential)  banked
primary windings and two pairs of duplex
single-layer secondary windings, These wind-

ings terminate in four sets-of-four terminals
on the upper face of the housing. Each pair
of duplex windings is precisely balanced to
eliminate circulating eurrent losses when con-
nected in parallel. The soldering terminals
are mechanically arranged to facilitate series
and parallel connection. Mounting of the unit
is from either side by means of the center bolt
supplied.

FEATURES: > Toroidal core permits extremely
tight coupling and a high degree of astaticism.
> Will handle peak powers of 100 watts with
minimum distortion.

> With primaries connceted in series-
parallel (1650 @) two degrees of coupling can
be obtained:

Tight coupling — each half of the pri-
mary covers complete circumference, mini-
mizing switching transients occeurring in
conventional push-pull Class-AB3 operation.

Loose coupling — each hall of the pri-
mary is on a separate semi-circumfierence
of the toroid, which minimizes capacitance,
thus extending the high-frequency range.

> Terminal connections to oblain various im-
pedance ratios are indicated on the case, based
on GGOO 2 with primaries in series, the value
conventionally recommended for GLG tubes
in push-pull operating Class A3,

> Primary windings can be separated as re-
quired for the recently developed push-pull
single-ended amplifier output stage.®

*A, PG, Peterson and DD, B, Sinclair, “A Single-Ended Push-
Pull Audio Amplifier”, Proc. I RE, Vol. 40, pp 7-11, Junuary, 1952,

SPECIFICATIONS

DECIBELS

IMsure 1, High-frequeney  characteristies  of  the
Tryre 042-A Output Transformer.

Primary Impedances: (600 ¢t, 1650 ct, or 413 olius,
Secondary Impedances: Parallel or series: 4, 8, 16 et,
32 ct, composite: 23, 47, 59, 93 ohms,

Impedance Transformation Ratios: 4.42, 7.04, 8.85,
12,89, 17.70, 25.78, 28.16, 35.4, 51.6, 70.8, 103.2, 112.6
141.6, 206.2, 283.2, 413, 8235, and 1650.

Frequency Response: See figures 1 and 2 above,
Distortion: 19 at nominal impedance and continuous
rated power above 30 eps,

Power Rating: 90 watts continuous for ambient tem-
perature of 35° C with no d-¢ in windings. With d-e,

230

CECIBELS

FREQUENCY

Freure 2. Over-all frequency characteristies of the

transformer,

rating must be reduced s0 as not to exceed allowable
power loss.

Allowable Power Loss: 8 watts for 30° C
ambient ternperature,

Maximum Transformer Temperature: (5% (',
Copper Efficiency:

rise over

Winding Ral'%
Primuary (.046 where 4 is
4 or 16 £ See, 0.062 nominal source
8 or 32 L See. 0,066 or lowd nnped-
Composite Sec. 0.0:34 ance.

GENERAL RADIO COMPANY
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Coupling Coefficient:
Leakage

Winding T uductance (1-72)

Half Primary to Half Primary 2.8 mh 0.00047

tight coupling
Half Primary to Hall Primary

loose coupling 58, mh 0.0097
FFull Primmary to 4 or 16 2 Sec. 15.0 mmh 0.00075
Full Primary to 8 or 32 Q See. 14.2 mh 0.00059
Full Primary to Composite Sec, 6.4 mh 0.00027

(Leakage inductance referred to primary. Coupling
coefficient, 7, measured at initial permeability.)

Type

942-A

PATENT NOTICE. Seec Note 1, page vi,

Toroidal Output Transformer........|

PARTS AND ACCESSORIES

Primary Inductance: Approximately 24 henries at
initial permeability with primaries in series, inereases
with operating level, see Fig. 2.

Insulation: 2000 volts between individual windings and
between each winding and ecase.

Dimensions: (leight) 334 inches x (Dimmeter) 514
inches,

Net Weight: 7 pounds,

Code Enrrl Price

TRANTORDOG

TYPE 9471-A TOROIDAL TRANSFORMER

USES: 'I'his transtormer is designed for use as
an impedance-matehing or bridging trans-
former in low-level 600-ohm communication
cireuits. It is especially useful where either a
high degree of astaticism or an ultra-wide
frequency range is desired.

DESCRIPTION: The core is toroidal, consisting
of high-permeability-alloy tape wound in a
spiral. On the core are two identical semi-
cireumferential inner windings, over which are
two identical outer windings. Terminals are
brought out from each winding.

The transformer is housed in a rectangular
aluminum case. Two double-drilled mounting
blocks permit mounting (1) on the large face,
(2) on the small face opposite the terminal
panel, or (3) projecting through a hole 31¢ x
154 inches in an assembly chassis.

FEATURES: > Toroidal core is inherently
astatic, minimizing pickup and induction
field.

> Coupling is closer than is possible with the
conventional shell-type core, and the resulting
lower leakage reactance extends the high-
frequency characteristic by about a decade.

SPECIFICATIONS

> Connection diagrams for various impedance
and frequency ranges are printed on case.

TABLE |

Terminating

I'mpedances Frequeney for Flut I nsertion

4] 2 1 dbh drop Loss Less than
Impedance Range: See Table 1. T = g - p
R 600 9600 | 80 ¢ — 100 Ke 0.3 db

EOSIUNGY Fangs o e s : 600 2100 |20 —135 Ke|  0.2db
Initial Inductance: Inner windings, in series, 5 to 6 600 2100 |80 ¢ — 310 Ke 0.2 db
henrys; outer windings, in series, 20 to 24 henrys. 600 "‘-)(m 20 ¢ :’()(l Ko 0"]' db
Voltage Matching: 1-2, 3-4, better than 0.159. 5-6, 150 600 ".) 1 ".’” l\’«; 0'7 db
7-8, better than 0.075%. i S o0 o P - ‘o
Operating Level: See Tuble T1. lj(-; 5 888 ‘g ‘c i Zgg ::z 8; :}::
Distortion: Sce Table I1. . 4 e
Resistance: Inner windings, in series, 9 olims; outer
windings, in series, 34 ohms. TABLE ||
Dimensions: Aluminum ecase, 3% x 314 x 194 inches. Level Ooudl
Mounting blocks project % inch beyvond ease in 34 inch Walls — g S _INI; ".
Ilillll‘ll.\i()ll. LTS o tom r=m=-x dwxtor lnn_.
Mounting Dimensions: 3%¢ inches on centers. Mount- 1.26 31 ‘ <1%
ing holes are drilled for clearance with 10-32 machine ] 30 <0.5%
SOTOWS, 0.5 27 <0.29%
Net Weight: 1314 ounces. 0.0:32 15 <0.1Y

'11:’(])1' B Cody Word Price

941-A | Toroidal Transformer............... | TRANTORCAT | $38.00
GENERAL RADIO COMPANY 231
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PARTS AND ACCESSORIES

TYPE 1428 VARIABLE AIR CAPACITOR

USES: The T'yre 1428 Variable Air Capacitors
are well-designed, ruggedly construeted, and
stable capacitors, suitable for use in labora-
tory-type measuring equipment,

DESCRIPTION: Both rotor and stator are in-
sulated from the frame, and contact to the
rotor is made by a slip ring and 4-fingered
brush. Rotor and stator stacks are made of
brass ]1]:&1:&\ soldered into sil!:]u units and
nickel plated. Rotor is mounted in specially
designed, self-aligning ball bearings, which are
mounted on metal endplates, rigidly supported
by four metal corner rods. Stator supporis are
small ceramic cones. Rotor is insulated from
3¢-inch steel shaft by two low-loss thermo-
plastic collars,

FEATURES: > Rigid construction and self-
aligning  ball  bearings mechanical
stability.

> Soldered plate construction keeps ohmie
resistance low,

> Insulated rotor and stator make the capaiei-
tor usable as either a 3-terminal or & 2-termi-
nal element.

> Capacitance from stator to frame and from
rotor to frame has been kept low.

> Counterbalanced rotor.,

assure

SPECIFICATIONS

Capacitance Range: Three unmounted models and one
mounted model are listed below
Calibration: The Tyre 1425-BM has a dial direct-

if).
-line ecapacitance

reading in eapacitance to +(1"; +
Plate Shape: Semicirenlar straight
plates on all models,

Dielectric Losses: I'ho figure of merit DC (dissipation
factor tiines capacitance) is :t]u[u'n\i.fli:ih'!_\' 0.02 puf for

all types.

Supports: All models have metal endplates with small
coramie cones supporting the stator. The rotor is insulated
from the shaft by two low-loss thermoplastic collars.
Maximum Voltage: 1100 volts peak for Tyer 1428-A,
and 700 volty peak for ull others,

Nominal Capacitance Rotor Grounded

Ve imum

Tyt Mintmum

Shaft:
Drive: No knobs or drives are
Tyre 1428-BM whie

Terminals: Soldering Iugs on unmounted models; stand-
ard jack-top binding posts on mounted maodel,

be-ineh solid steel shaft on all models.
supplied except on the

has a .']llm" reading dial,

Mounting: Typrr 1128-BM is mounted on an aluminimn
|‘:m:-! in a shielded eabinet All other models are un
mounted. Rotars on all models are counterbalanced,

Dimensions: Tyer 1428-BM mounted model,
inches, x (height) 7 inehes, over-all, Unmounted models,

..II 2 X :II'__;

see aecompanying sketeh,
Net Weight: T'yrus 1428-A and <8, 235 pounds; Tyee
1428-02, 314 pounds; Tyer 1428-BM, 814 pounds.

Nominal Maximum
Capacitanee to Frame

Rotor Slator

Code Word Price

1428-A
1428-B

550 ppf
1100 ppf
1428-BM* 1100 ppf 22 ppf
1428-C 2100 ppf 29 ppf

*Cabinet-mounted model with dial direct-reading in capacitance

20 ppf
20 ppf

Y4 MTG. NOLES
10-32 Tap |

232

15 ppf
15 ppf

e

18 pp.ﬁ;

|  $30.00
35.00
70.00
43.00

CAMIEL
CALILKF |
CRISP

CREST

12 ppf |
12 ppf

16 puf

Mounting dimensions for
Tyrr 1428 Variable Air

Capacitor,

GENERAL RADIO COMPANY
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PARTS AND ACCESSORIES

TYPE 119 RADIO-FREQUENCY CHOKE

This choke is useful in vacuum-tube cireuits
and also as an inductance element in filters
and tuned circuits,

The winding is the so-called helical type.
composed of a large number of thin, spiral-
wound pies. Tyre 119-B uses a dust-type
core. The coil is mounted in a molded phenolie
housing which is effectively sealed against
moisture penetration.

FEATURES: » T'here is only one significant
point of resonance, all minor resonances being
practically eliminated by the method of wind-
ing and assembling.

> The shunt capacitance is low, so that the
choke ean be used at frequencies as high as
10 megacycles.

,‘I,."”,"i I nedveetervoes
119-A | Radio-Frequency Choke.. 0.25h
119-B | Radio-Frequency Choke.., 0.5 h

g g s

> The use of an iron-dust core in Tyrr 119-B
makes possible a high-inductance unit with
very little increase in capacitance and resist-
ance. The capacitance and conductance of
of the Tyrr 119-A as a function of frequency
are shown on page 99.
Accuracy of Inductance: 207,
Maximum Current: 60 ma,

Net Weight: Tyvee 110-A. 2V5 oz Tyer 119-13, 3§ oz,

-l
Capacilanee Resistanes Code Waord Price
4 ppf 450 © IMAGE $3.35
5 ppf 450 Q INMBED 4.25

FRICTION-DRIVE AND DIRECT-DRIVE DIALS

These dials are attractive in appearance,
with aceurate, photo-ctehed seales, and arve
intended for uses where precisely cut scales
and precision drives are not needed. Dial
plates are of aluminum, with anodized finish.

The smallest dials, T'yer 901, are available
only with direct drive, but the Tyres 902 and
004 are available with both direct and friction
drives. The friction-drive mechanism consists
of a thin dise, which is mounted on the back
of the dial plate, gripped and driven by two
small dises attached to the friction-drive shaft.
This drive shaft is mounted in an eceentrie
manner so that the tension of the drive can be
casily adjusted after the dial and drive are

mounted.

All of the dials have the dial plates insulated
from the shaft. Knobs are secured to their
shafts by the use of two setserews separated
by 90°, and are supplied bored to receive a #4-
inch shaft. Bushings are provided so that the
dials can be easily arranged for mounting on
Li-inch shalts.

The indicators shown in the photographs
are 1|t-.~i;1m'|i to remain flush with the surface
ol the dial, thus eliminating parallax and ahb-
sorbing any slight cccentricities of the main
shaft. The mdieators, necessary mounting
serews, drive knobs, and drilling templates are
furnished with the dials.

901-LD

902-HD

ONE-HALF ACTUAL SIZE
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PARTS AND ACCESSORIES
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e { Net {ouds
Tup Are Ihmsions Diriee Wewgh Word
> 4-INCH DIAMETER — TYPE 904 DIALS
904-HD 180 100 Direet H oz, DIPAR $3.25
904-JD 270 200 Direct d oz, DIPOD 3.25
904 -HF 180 100 Frietion, 5 : | N oz DIPEN 4.25
904 -JF 270 200 Frietion, 5 : 1 N 07, DL 4.25
> 2%-INCH DIAMETER — TYPE 902 DIALS
902-HD 180 100 Direct 215 oz. DINAP $2.75
902-JD 270 100 Direet 215 oz DIMID 2.75
902-HF 180 100 Frietion, 3.3 : 1 { 0z. DIMON 3.75
902-JF 270 100 Frietion, 3.3 : 1 { oz, DIMUC 3.75
> 2-INCH DIAMETER — TYPE 901 DIALS
901-HD 180 100 Direet 2 v, DILOG $2.75
901-JD 270 100 ‘ Direet 2 vz. DILAL 2,75
901-LD 360 100 Direet | 2 oz. DILED 2.75

PATENT NOTICE, See Note 13, pape vi

TYPE 907 AND TYPE 908 GEAR-DRIVE PRECISION DIALS

The T'yre 907 and 908 Gear-Drive Precision
Dials have aluminum dial plates with anodized
finish. Seales are mdividually engraved on an
automatie, self-indexing engraving machine.
The fine, radial, accurately located lines divide
the complete circumierence into 360 divisions
numbered from 0 to 360.

Settings can consistently be duplicated to
one-fifth of a division, allowing a |1l'(-('i.~iun 0l
resetting of better than 0.06%, of full scale
Parallax is eliminated by the use of an indi-
cator that always remains flush with the sur-
fuce of the dial, and which at the same time
absorbs, through the flexibility of its mount-
ing arm, any slight eccentricities of the main
shaft

234

The ring gear and drive pinion are precision-
cut gears, spring pressed to eliminate any
backlash. The drive ratio is 10:1, and it is
possible to use a calibrated vernier or inere-
ment dial on the pinion shaft if desired. Any
standard Tyer 901 dial (page 233) can be
adapted for use on the pinion shaft, The
drive pinion is held in a stainless-steel collet
which runs in a phosphor-bronze bushing.
The collet allows the drive to be adjusted for
any panel thickness up to 24 inch.

I'he main dials are set permanently and
sccurely to their shafts through the use of
two 90° apart; this

SCL=Serews procedure

GENERAL RADIO COMPANY
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PARTS AND ACCESSORIES

Tyrr 907-LA Precision Dial Tyre 907-LB Precision Dial
climinates any dial backlash which might  and can be easily replaced with other -inch
otherwise occur, The dial hubs are bored to  dial plates such as the Tyee 904 (page 234).
receive a #o-inch shaft, but a split bushing is The dial indicator, knob, and all necessary
provided for use with Y-inch shafts. The mounting parts are supplied, as are complete
360-division dial plate is held by three serews, drilling and mounting instructions.
Dinl Max. Panel Total Net Code
T ype Mounting Are Divistons 1hicknoss Panel Area Wtght Word Price
> 4-INCH DIAMETER GEAR-DRIVE PRECISION DIALS
907 -LA Front-of-Fanel 360 360 4x5inches | 11 oz | prras $10.50
907 -LB Baek-of-Panel l 360° | 360 3 inch 4 x 5 inches | 11 oz, | vrror | 10.50

» 6-INCH DIAMETER GEAR-DRIVE PRECISION DIALS

908-LA I'ront-of-Panel ‘ 360 ’ 360 6 x 7loinches | 21 oz, DIVAT $14.50
908 -LB | Baek-of-Panel 360" 360 s inch 6 x 7' inches | 19 oz | bpivim 14.50
PATENT NOTICEs Sce Note 13, page vi,
Tyre 90S-LA Precision Dial Tyrr 90S-LB Precision Dial
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PARTS AND ACCESSORIES

TYPE KN FLUTED KNOBS

These molded phenolic knobs are used on
General Radio laboratory instruments. They
are molded in one piece with a brass insert
bored for a %-inch shaft. A bushing is fur-
nished with each knob to adapt it to a '4-inch
shaft. Knob is clamped to shaft by two set-
serews spaced 90° apart, except in Type
KNSP-6, which has 135° spacing. Tyre
KNB-1 has single set-screw.

Mo ate . o s
"‘rQ. ‘.‘!’" d :. ) .“

TYPE KNB-1 '$-INCH SKIRT DIAMETER —
WITH BAR

Bar-type extension makes knob especially con-
venient on switches, Molded pointer s filled with
white.
Code Word: BARKNOBONE
20- 200-

Net Weight for 5: 334 oz.
400- 2000
~3 5*-10 199 399 1999 up
Unit Pricet| $0.65 | $0.55 | $0.52 | $0.49 | $0.47

TYPE KNB-2 1%-INCH SKIRT DIAMETER—
WITH BAR
Larger bar type with pointer.
Code Word: BARKNOBRTWO Net Weight for 5: 6 oz.
20- 200~ 100~ 2000
i 5*-19 190 S04 1994 up
Unit Pricet| $0.75 | $0.65 | $0.61 | so.58 | $0.55

TYPE KNSP-6 WITH POINTER
TYPE KNS-6 WITHOUT POINTER
1%6-INCH SKIRT DIAMETER

Nel Weight for 5: 54 oz,
Unit Pricest 20— 200~ 400- 2000
S*-19 199 399 1999 up

|$0.60| $0.50 | $0.47 | $0.44 | $0.42

Quantity

Quantity

KNSP-6 or KNS-6
Code Words:
KNSP-6, NurLyonsix; KNS-6, NURLNOBOUT

TYPE KNSP -8 WITH POINTER

TYPE KNS-8 WITHOUT POINTER

1'%6-INCH SKIRT DIAMETER
Net Weight for 5: 8 oz,

Unit Pricest 20—~ 200~ 400- 2000

5°-19 199 399 1999 up

|$0.75$0.65| $0.61 | $0.58 | $0.55

KNSP-8 or KNS-8
Code Words:
KNSPS, yerivonare; KNS-S, NURLNOROAW

TYPE ZKNU-3 1'%4-INCH SKIRT DIAMETER—
WITH SPINNER

This knob has an auxiliary finger spinner so that
knob ean be spun rapidly with the index finger. Par-
ticularly uxufu\ with slow=motion drives.

Code Word: spiNNOBTRE Neot Weight: 234 oz.
Unit Pricct $1.50

TYPE KNSP-10 WITH POINTER

TYPE KNS-10 WITHOUT POINTER
2% -INCH SKIRT DIAMETER
Net Weight for 5: 1214 oz.
Unit Pricest 20— 200- 400— 2000
5*-19 199 399 1999 up
IKCNSP-10 or KNS-10 |$1.05/$0.95| $0.90| $0.85 | $0.80
Code Words:

KNSP-10, NuriyxostTEN; KNS-10, NURLNOBORB
TYPE KNS-12 27-INCH SKIRT DIAMETER—
WITHOUT POINTER
Code Word: NurwLNonvoz  Net Weight for 5: 17 oz.

20- 200- 400- 2000
5*-19 199 399 1999 up
Unit Pricet| $1.10 | $1.00 | $0.95 | $0.90 | so0.85
PATENT NOTICE. Sece Note 13, page vi.
*Minimum quantity sold. tNet. No further quantity discounts,

The Tyrre KN Fluted Knobs are shown approximately
three-cighths actual size in the photograph.

Quantity

GENERAL RADIO COMPANY
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PARTS AND ACCESSORIES

TYPE 938 BINDING POSTS

BASIC PARTS

Bright-Alloy-plated metal parts

938-A

14" square anti-rotational flange
(metal top)

Captive fluted clamp nuts

Polystyrene insulation with
Bright-Alloy-plated brass insert

938-C

(black top) No. 6-32 stud

Soldering turret

Bright-Alloy plating facilitates tinning

PATENT NOTICE, Sce Note 21, page vi.
Captive link for
rapidly connecting
or disconnecting
_binding posts
mounted on
4" centers

Bright-Alloy-
plated brass

- &

938-L

Black-Top B, P,

Black Ins. (Pair)
Red Ins. (Pair)
Spacer . .
Shorting Link

TYPICAL ASSEMBL]ES

4000 volts! K
30 amperes Lioor)
10,000 volts
peak breakdown

Dissipation
fadtor=
0.0005
at 1000 cycles

— b—3/Amin
METHODS OF CONNECTION

Banana plug
stabilized by
clamp nut
wban fully

nsrted For metal-

top binding

Clamps all post only

wire sizes

up to No. 10
without
culting

Plug enters
binding post
bor.[y, assuring
contact even
when nut
is loose

MECHANICAL DETA[LS

&N

9/ 32 DIA,

15/16

Metal-Top B. P.

Red-Top B. P..

o=

{\Poiyllyrene hollowed to

7 minimize solid dielectric
) N

938-BB
(black)

Interlocking bosses permit
mounting on panels of zero thickness

N______—Anti-rotational key slot

%" squdre anti-rotational socket

938-BR

red
rec) Bright-Alloy-plated brass

14" square anti-rotational socket

Anti-rotational teeth
938-F ~— i
Unit Pricest 100- 1000 SO0 10,000
Code Ward 10%=H9  9H9 1904 DU up
STANPARASP | $0.30 | $0.26 | $0.24 | $0.23 | $0.22
STANPARAWL 0.40 0.34 0.32 0.30 0.29
STANPARAKRM 0.40 0.34 0.32 0.30 0.29
STANPFARAIK 0.15 0.13 0.12 0,115 0.1
STANPARATE 0.15 0.13 0.12 0.115 0.1
STANPARBON 0.025 0.02 0.02 0.02 0.02
STANPARBET 0.10 0.09 0.085 0.085 0.085
T Code Ward
938-P Metal top, 938-F Spacer | STANPARDOT
938-W Metal top, black ins. . STANPARANT
938-WB | Black top and black ins. STANPARBAN
938-WR | Red top and red ins. STANIARCH
Unit Pricest 100=  1000= 2000~ 10,000
Tyne 1040 G 14904 QO un
938-P | $0.325 | $0.28 | $0.26 [$0.25 |%0.24
938-W 0.45 0.39 0.365 | 0.345 0.325
938-WB 0.55 0.47 0.44 0.415 0.395
938-WR | 0.55 0.47 | 0.44 | 0.415 | 0.395
* Minimum quuntity sold,
tNet prices. No further quantity discounts,

Slender
alligator
clip fits
inside
jack top
of all
binding
posts

Spade terminal Standard
with 14" tolophone
throat will lip
clamp under
nut

Oto 5/ IG——l
T—

3/4 Dlh

3 |...|/8 MAX.

5/32 to
15/16

METAL OR
INSULATING
PANELS

Locking keys in #5-inch mounting holes ean be omitted if locking feature is not wanted.
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PARTS AND ACCESSORIES

PLUGS AND JACKS

TYPE 274 PLUGS AND JACKS

Tyer 274 Plugs and Jacks, oviginated by General Radio in 1924 are almost aniversally used in eleetronies and
communieations laboratories for conneeting equipment in temporary or semi-permanent setups and for conneet-
ing plug-in clements in funing systems and other laboratory insteruments, Al 'Tyer 274 Plugs and Jaeks ave rated
ut 15 amperes. For insulafed single and double plags, sce page 228,

TYPE 274-P PLUG
Bananu plug, nickel-plated brass
stud, beryllium-copper spring. Fur-
nished with nut and soldering lug.
Code Word: STANPARCAT

Quantily Unit Pricet
10*-99 $0.125
Q09940 105
1O00- 189499 .087
2000- 19,0040 085

TYPE 274-X PLUG
Similar to T'yre 274-P, (above)
but with tubular rivet head.
Code Word: STANPARTIN

Quantity Unit Pricet
10%-499 $0.085
100411 067
1OOO- 1498540 061
2000 19,4 0575

TYPE 274-U PLUG
Plug with 14-28 threaded stud.
Juek Ltop aeeepls Tyre 271 Plug.
Code Word:  SPANPARGOT

Quantity Uwit Pricet
10*-99 §0.20
100-599 175
1000-- 1999 165

TYPE 274-SB SHORT-CIRCUIT
PLUG
Handy for shorting two terminals.
Consists of two Tyre 274-U Plugs
connected |-v‘. Iwo pl:nlml links,
Code Waord: sraxranrzir
Price: $0.75

TYPE 274-) JACK
Jack, to At Tyee 274 Plugs.
Nickel-plated brass,
Code Word:  sTANPARTOP

Quantily Unit Pricet
10*-99 $0.075
100999 0495
10001999 0468
2000-19,999 044

TYPE 674 JUMBO PLUGS
AND JACKS

Heavy-duty parts, designed for
35 amperes, Similar in design to
Tyre 274, bt l:n‘;_'v!‘. \ii'kl'i—}nhl‘[ml
brass, with beryllium copper springs
Nuts and zoldering lugs ineluded,

TYPE 674-P JUMBO PLUG

Codo Word: STANPARAPE

10449 i how s @ 025 aach
100=198 « & o v & < 4 .24 each
00009 . . . . ... .225 each

TYPE 674-J JUMBO JACK

Code Word: STANPARAYE

10509 v e v o« o« $0.22 each
1O0=198) . o e .21 each
200999 . . .. .. . , 20each

TYPE 938 JACKS

A jack and jack assembly using
Tyrr 938-BI3 Insulators, Jack is
similar to Tyere 274-) Jack, but
with longer shank. Fits Tyree 274
Plugs

TYPE 938-J JACK

Code Waord: STANPARACT

Quanlity Unit Pricet
10*-99 $0.25
104 964 23
1000 11009 215

TYPE 938-X JACK
ASSEMBLY

Code Word: STANPARART

Quantity Unat Priee
10% -4 $0.40
1004058 .36
10001904 335

TYPE 938-Z REPLACEMENT BINDING POST INSULATOR

Black Polystyrene 4 16 saeome
anti-rotational

The Pyre 038-7Z Insulators {it the Tyer 938 Binding Posts, ns well as the
obgolete Tyr 188 Binding Posts, Sinee, in addition to the above, the I'yrs
938-7 insulators mount in the same (Y97 diameter) holes as the obsolete Tyer

~E 274-Y and Z insulators, they serve as replacements for the Tyrr 271 insulators

T

I'a‘”’l Fits Type 938

Binding Posts 938-Z | Insulator
938-Z

STANPARHOD

*Minimum quantity sold.

Pricet per i

3% 100~ 1000

Coude Ward " 00 (R
$0.175  $0.165 | $0.155  $0.145

fNot prices, No further quantity discounts,
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PARTS AND ACCESSORIES

PATCH CORDS
TYPE 274-NCO PATCH CORD | =

The Tyer 274-NCO is a three-foot shielded lead
ferminated with Tyre 274-N1B double plugs.
- Ty Corde Waord -i)f"f('{
274.NCO | Patch Cord..... | STANDPARZOO | $3.50

TYPE 274-NEO PATCH CORD
The Tyrr 274-N150 is a shielded lead, three feet
long, terminated with Tyre 274-ND shielded double
plugs which are permanently attached.

Type Code Ward Price

7274-NEO | Patch Cord..... | srarnvaeys | $5.00
TYPE 874-R21 PATCH CORD

The Tyrs 874-R21 Pateh Cord consists of three
feet of flexible, single-shiclded coaxial cable with a
nominal charaeteristie impedance of 50 ohms. It is
terminated with Typn 874-C38 conxinl connectors,

T Code 1Word Price
874-R21 | Patch Cord. . ... | coaxnunTER | $5.50
PATENT NOTICE. See Notes 3 and 4, page vi.

TYPE 874-R32A PATCH CORD
The Tyre 874-R32A Pateh Cord is a single shielded
coaxinl eable three feet long, with one end terminated
in a Tyre 274-ND Shielded Double Plug and the
other in a ‘I'yre 874-C58 Coaxial Conneetor.
T e Code Waord Price
874-R32A | Patch Cord. ... | coaxerrrer | $5.50
PATENT NOTLICL,  See Notes 3 and 4, puge vi.

BASIC PATCH CORD

50 0 Characteristic Impedance  Tinned Copper Braid 3400 v. peak, breakdown

3 amperes peak, raling 116"d Black 1200 v. peak, rating RTMA Standard

Polyethylene. Vinylite i : ;
q; 3- 1T - elephone Tips
= (AWG 20 === Bright-Alloy-
N —
ST Stranded Tinned 315}3 plated brass
Copper N — COnnect to

Pigtail 3" long 27 4-NF Binding Posts
l—-ﬁ 3 feet ——L—I Directly

The T'yer 274-X1" Patch Cord is the basie unit of
an extremely versatile system of connectors, Using the
adaptors and plugs on the following page, counections
can be made to General Radio Tyer 874-Coaxinl
Ilements, General Radio Tyre 938 Binding Posts and
General Radio Tyrer 038-B Clips. Army-Navy type |
N, BNC, C, HN, and UHI coaxial connectors, and [
VI and UHF transmission lines are all aceom-
modated through the Tyer 874 Coaxial Adaptors on
pages 135-138. These connections can be made with
a4 minimum pumber of units, permitting maximum
flexibility from a given pateh cord and counector as-
sortment,

The deewings at the right indicate how the Tyrw
274-N1" Pateh Cord is attached to the Tyre 8714-Q6
Adaptor, Tyer 838-B Alligator Clips, the Type
274-MDB Double Plug, and the Typr 274-N1) Shielded
Daouble Plug.

T ) Code Ward Price
274 -NF | Padehi Gordsvisimmvnivm svmnss somnnsata s swiats [ STANPARGAG $2.00
GENERAL RADIO COMPANY 239

File Courtesy of GRWiki.org
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CONNECTORS AND ADAPTORS

i g Fits Telephone Ti
I-5/16-| 15 a. peak, Polystyren Ve[~ Jack =

Black 4000 v. peak,
—= Breakdown:

.T 23,000 v.
Hizie  peak

15 a. peak, 15 a. peak;
Set Scre rating rating

Polystyrene Clamp

Polority/

Indicator ‘L v
274-DBI1 274-DB2 838-B

+| 3/4 |- Diss. Factor (black) )
0.8yt < 0.0005 Brass

at 1 ke. < INickel-Plated’

{"wit Pr f
1-14 1004 1000 SO LO)
Ty Code Word 104 aog "
274-MB Double Plug. . ssvnsnsuvasies STANPARBUG $0.65 $0.55 $0.52 $0.49 $0.47
274-DB1 Insulated Single Plug (black).. STAPLUGANT 0.50 0.40 0.38 0.36 0.34
274-DB2 Insulated Single Plug (red) ... STAPLUGARC 0.50 0.40 0.38 0.36 0.34
838-B Alligator Clip. . . oo oo vvvnnnn STANPARNIP — 0.15° 0.14 0.13 0.12
*Minimum quantity sold,
tNot: no further quantity discount
Polarity Indicator
274-ND/ TYPE 274-ND SHIELDED DOUBLE PLUG
- A Rating :
?"'_c"" 31’_8" 15 a. peak, The Tyee 274-N1D) Shielded Double Plug permits complete shielding
‘“c""'""" 2800 v. peak of svstems using Tyre 938 Binding Posts inch spacing). When thi
e 2 Breakdown: unit is plugged into a pair of Tyre 938 B r Posts, 1 .

Block !6700"‘9'°l extends down toward the panel to provide effective sha

Polystyrene entrance to the cap is from either side, and polarity indieation

Insulation D.n Foctor 1t fits the termination on the Tyre 274-NF Putel Cord
L_ MJ < 0.0005

2.5t at 1 ke Tupe Coile Wao Price
274-ND | Shielded Double Plug........ STAPLUGDOG $1.50

TYPE 874-Q6 ADAPTOR

The Tyre 874-Q6 Adaptor is designed to fit the termination of the
Tyrr 274-N1 Patch Cord deseribed on the preceding page. It is the
NECeSSAry link for .-“,“!.h-zu interconnection of the Tyrs 874 Coaxial
Ilements with other svstems of connectors, The couasinl elements are
deseribed on pages 122 to 139,

Tupe Code Ward Pric

874-Q6 Adaplor. c ccesessessssssaas COAXCLOSER $2.25
PATENT NOTICE. See Notes 3 and 4, page vi,

TYPE CAP-35 POWER CORD

‘ This is the power cord supplied with General l.‘ii. a-¢ operated
instruments. A high-quality, durable connector, designed for rugged
service. Cord i~ 7 feet long, consisting ol two No. IS stranded conduetors,
Ill':‘u' covered. Plug and connector bodies are molded in rubber directly
to the rubber ~lu ath of the cable,

Ly \et Weight  Code Word Price

CAP-35 Power Cord, ...... 8 oz, CORDY $1.75

240 GENERAL RADIO COMPANY
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SMITH CHARTS

In measurements on transmission-line cir-
cuits, it is often necessary to determine or
correct for the impedance transformation
produced by a length of line. Transmission-
line equations can be used to make the caleula-
tion, but the process is laborious. A chart with
which the calculations can be made graph-
i(':l”_\' with very little effort has been devised
by P. H. Smith' and is known as the Smith
chart. In many cases valuable information
can be gained by directly plotting a series of
measurements on the chart, In addition to the
application indicated above, the chart can he
used to determine the VSWR corresponding
to any impedance and to convert from imped-
ance to admittance and viee versa. This chart
is very useful for measurements using the
Typrr 1601-A V-II-F Bridee, Tyre 1602-13

U-H-I" Admittance Meter, and the Tyre
871-1.B Slotted Line.
Smith charts are usually drawn with

normalized impedance coordinates, so that
they can be used with lines of any impedance.
For work at a single characteristic impedance,
a chart reading directly in impedance or
because it

admittance s more convenient

Electronies, Vol. 17, No. 1, pp. 130-133, 318-325, Januury 1944,
.l"/r'"

Smith Chart — Admittance Coordinates ... ..

(20-millimho Characteristic Admittance)

Smith Chart — Impedance Coordinates . ......

(50-ohm Characteristic Impedance)

Smith Chart — Normalized Coordinates. .. ....

GENERAL RADIO COMPANY

SMITH CHARTS

ADMITTANCE  COORDINATES —10-MLLIMHO  CHARACTERISTIC  ADMITTANCE

eliminates the normalizing operation. Three
forms of the Smith chart are available,
one with normalized coordinates. one with
illl])('(l:lnl'(' coordinates  (50-ohm  character-
istic impedance), and one with admittance
coordinates (20-millimho characteristic ad-
mittance). The 30-ohm characteristic imped-
ance (20-millimho characteristic admittance)
is common to all General Radio coaxial
oquipment. Charts are printed on thin
815" x 11" paper.

Several copies of the appropriate chart are
furnished with the Tyrr S874-LB Slotted
Line, the Typr 874-UB Balun, the T'yee
[GOT-A V-I1-1" Bridge, and the Typer 1602-B
U=H-1" Admittance Meter, Charts for other
applications and  additional charts for use
with the above instruments can be obtained
from General Radio Company at the follow-
ing prices:

Quantity Price

a0 $2.00

100 3.00

250 6.25

500 11.25

1000 20.00

2000 37.50

Code Word Priee

. sledle ADMITCHART See Above
5 NS IMPEDCHART See Above
s NORMACHART See Above

241
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APPENDIX

A CONVENIENT

INDUCTANCE CHART FOR

SINGLE-LAYER SOLENOIDS

The chart on the next page is used fon '[l'H"HII.I‘-iH‘_' th
mumber of turns necessary to obtain o given induetance
on o given winding form. The ehart helow is plotted from
standurd winding data published by wire muannfaeturers
and is used to determine the wire size,

The variables are n, the number of turns, and [ 4 the
ratio of winding length to winding diameter. The ratio of

inductance 1o dizmeter of winding Lo d 1s used a3 a

tmeter.

The curves were n'-r}n]A\xH'»l from the l'\;-h'-*iuh Fiven
in Cirenlar 74 of the UL 3. Bureau of Standards,

*h

02508 nad?
L= = \ (1)

which,

using the terminology of the chart, may he written,

where Lis the induetanee in gh, K iz Nogaoka's constunt,
and o and [ are in inches,

For o given induetance the nurmber of turns is then,

=N (@) G) @ (7) ®

This form of the expression i= partieularly eonvenient
in desi Iy starts with

wuet-

beeause, in suing coils, the

gineer u u

“" L'i‘.‘l'h cotl furm

ance L. (L d essily ealeulated).

-
’

=

Eiiillllll [[1]

TURNS PER LINEAR INCH.
il

244

Sinee Nagnoka's constunt depends on the ratio 1/4d,
the use of thix ratio for the horizontul seale makes all the
enrves parallel, <o that, in plotting them, only one curve
need be ealenlated. The others ean be drawn from &«
H‘.’l.]>]:lfi'.

For interpolating between curves, a logarithmie seale
«'n‘.'t'rin'_: one deeade of L d is shown at the right of the

1
cenart,

EXAMPLE

As an example of the use of these charts, consider the
problem of designing o eoil of 100 uh inductunee on «
winding form two inches in dinmeter, with ap available
winding space of two inches, The quantity {/d is unity
and Lod i= 50, Entering the chart at L/d = 50 and follow-
ing down the enrve at the vertieal line L/d = 1, we find
that », ns indicated by the left hand wvertienl seale, is
o4 turns.,

With o winding spuce of two inches, this is equivalent
» wound. The seeond chart
e-silk-, No. 20 double-
silk-, or single-cotton- or No. 22 double-cotton-covered

No.

to 27 turns per linear ineh, clo

shows that No. 1S enamel or <iny

bure wire.

wire would be used elose wour

louble <paeed, conld alza be used,

*Badw Instroments amd Messurements," p. 252,

\ {NN
IHIINIRINS

A
NN

e e e e ]

== S
S e
e

]
30
B&S GAUGE WIRE
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INDUCTANCE CHART

S

Write for Enlarged Copies of These Charts
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APPENDIX

DECIBEL CONVERSION TABLES

It is convenient in measurements and cal-
culations on communications systems to
express the ratio between any two amounts of
cleetric or acoustic power in units on a
logarithmic seale. The decibel (1/10th of the
bel) on the briggsian or base-10 scale and
the neper on the napierian or base-¢ scale are
in almost universal use for this purpose.

Since voltage and current are related to
power by impedance, both the decibel and
the neper can be used to express voltage and
current ratios, if care is taken to account for

the impedances associated with them. In o
similar manner the corresponding acoustical
quantities can be compared.

Table I and Table 1T on the following pages
have been prepared to facilitate making con-
versions in either direction between the
number of decibels and the corresponding
power, voltage, and current ratios. Both
tables can also be used for nepers and the
mile of standard cable by applying the con-
version factors from the table on the opposite
page.

Decibel — The number of decibels N g corre-
sponding to the ratio between two amounts
of power Py and P, is

v == ]JI
Na = 10 logy P, (1)

When two voltages /£, and . or two cur-
rents /y and 7, operate in identieal impedances,

A"db = 20 Iugm% (2)
; I e
and Na = 20 log A (3)

If £y and E. or I and 7. operate in unequal
impedances,

_ K Zs
Na = 20 logw 'Ei + 10 logw 7:
fn‘-z
+ 10 log )
by
and  Ng = 20 l”g“'? g 7
fn‘1
-+ 10 l()gw % (5)

where Z; and Z, are the absolute magnitudes
of the corresponding impedances and k; and ky
are the values of power factor for the im-
pedances. B, K., I, and I, are also the
absolute magnitudes of the corresponding
quantities. Note that Table I and Table 11

246

an be used to evaluate the impedance and
power factor terms, sinee¢ both are similar to
the expression for power ratio, equation (1).

Neper — The number of nepers N,., corre-

: Y o
sponding to a power ratio 7,08
; I P =
Nuep = 5 log, T’l (6)
’4'1 jl

—— or current ratios =—
1‘32 . 12

working in identical impedances,

For voltage ratios

'
“1 -

;\?Pll!p - l()gr y {{)
) }',-g
r 1'1
and Nuep = log. T

When #, and Es or I, and [: operate in
unequal impedances,

- e IL'] | y Zg | . I’(] X
Niuenr = lOge T + 5 log, 7. + 5 log. s (8)
and
i Ii : 1 A | kv
Nuep = log. 7. e 3 log, 7 + 5 log, s (9)

where Z; and Z, and ky and ke are as in equa-
tions (4) and (5).

GENERAL RADIO COMPANY
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DECI

BEL CONVERSION TABLES

RELATIONS BETWEEN DECIBELS, NEPERS, AND MILES OF STANDARD CABLE

Multiply By Ta Find
decibels, ., ... 1651 noepers
decibels. . ... 1.056 miles of standard eable
miles of standard eable 47 decibels
miles of standard eable S109 nepers
nepers. . ... a N BGRG decibels
nepers. ... ... l 9.175 miles of standord eable

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES

Values outside the range ol either Table I

or Table Il on the following pages can be

TABLE I: DECIBELS TO V

Number of decibels positive (-): Subtract
+20 decibels suecessively from the given
number of decibels until the remainder falls
within range of Table 1. To find the vollage
ratio, multiply the corresponding value from
the right-hand voltage-ratio column by 10
for each time you subtracted 20 db. 7o find
the power raltio, multiply the corresponding
value from the right-hand power-ratio column
by 100 for each time you subtracted 20 db.

Example — Given: 49.2 db.
492 db — 20 db — 20 db = 9.2 db
Voltage ratio: 9.2 db — 2.884
2.884 X 10 X 10 = 288.4 — 49.2 db
Power ratio: 9.2 db — 8.318
8.318 ¢ 100 X 100 = 83180 — 49.2 db

TABLE li: VOLTAG

For ratios smaller than those in table—NMul-
tiply the given ratio by 10 successively until
the produet can be found in the table. From
the number of decibels thus found, subtract
420 decibels for each time you multiplied
by 10.

Example—(/iven: Voltage ratio = .0131
0131 X 10 X 10 = 1.31

From Table 11, 1.31 — 2.345 db
2.345 db — 20 db — 20 db = —37.655 db

GENERAL RA

D

@1

readily found with the help of the following
simple rules:

OLTAGE AND POWER RATIOS

Number of decibels negative (—): Add +20
decibels successively to the given number of
decibels until the sum falls within the range
of Table I. For the vollage ratio, divide the
value from the left-hand voltage-ratio column
by 10 for each time you added 20 db. For the
power ratio, divide the value from the left-
hand power-ratio column by 100 for each time
you added 20 db.

Example — Giren: —49.2 db
—490.2 db + 20 db + 20 db
Voltage ratio: —9.2 db — 3467
3467 X 1/10 X 1/10
—49.2 db

Power ratio: —9.2 db — .1202
1202 > 1/100 % 1/100 = 00001202 —
—49.2 db

—-9.2 db

003467 —

E RATIOS TO DECIBELS

For ratios greater than those in table
Divide the given ratio by 10 successively
until the remainder can be found in the table.
To the number of decibels thus found, add
420 db for each time you divided by 10.

Example——(iven: Voltage ratio = 712
712 X 1/10 X 1/10 = 7.12

From Table II, 7.12 — 17.050 db
17.050 db 4+ 20 db + 20 db 57.050 db

DIO COMPANY 247
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APPENDIX

TABLE |
GIVEN: Decibels TO FIND: Power and Voliage} Ratios
Current |
TO ACCOUNT FOR THE SIGN OF THE DECIBEL
For positive () values of the decihnj-—l!(gth voltage For negative (—) values of the decibel—Both voltage
and power ratios are greater than unity, Use the two and power ratios are less than unity. Use the two left-
right-hand columns. h:mtl columns,
! )()H'?‘!' | -()”lflun‘?
Example—Civen: = 9.1 db. Find: S — __If‘.“'? Katio
+9.1db [8.128 | 2.851 |
—9.1db | 01230 | 0.3508
—db+ —db+
<= - <= -
Voltage | Power db Vaoltage | Power V—Vo(ruyr. | Power Voltage | Power
Ratio | Ratio Ratio Ratio Ratio Ratio db Ratio Ratio
1.0000 | 1.0000 0 1.000 1.000 .5623 3162 5.0 1.778 3.162
D886 0772 ¥ | 1.012 1.0238 5559 | .8090 5.1 1.799 3,236
D772 95560 2 1.0238 1.047 0495 .8020 5.2 1.820 3.311
A0661 0383 | B 1.085 1.072 L0433 2951 5.8 1.841 J.888
D650 L9120 4 1.047 1.096 L0370 2884 5.4 1.862 | 8.467
D441 | 8918 B 1.059 1.12¢2 LH309 .2818 5.5 1.884 | 3.548
0838 | 8710 Ni) 1.072 1.148 5248 2754 5.6 1.905 3.631
9220 8511 by § 1.084 1.175 188 2692 5.7 1.928 3.715
0120 8318 8 1.096 1.202 5129 2630 8.8 | * 1.950 3.802
A016 8128 9 1.109 1.230 S070 [ 2570 5.9 1.972 3.890
8913 7943 1.0 1.122 1.259 5012 2512 6.0 1.995 3.981
8810 762 1.1 1.185 1.288 4055 2455 0.1 2.018 4.074
B710 STH86 1.2 1.148 1.318 L4898 L2309 6.2 2,042 4,169
8610 7418 1.3 1.161 1.349 4842 L2344 6.3 2.065 4.266
8511 7244 1.4 1.175 1.880 ATE6 2201 6.4 2.089 4.8065
S414 7079 1.5 1.189 | 1.418 4732 2239 6.5 2.118 4467
B318 G918 1.6 1.202 | 1.445 4677 2188 6.6 2.188 4.571
85282 6761 1.7 1.216 1.479 4624 2138 6.7 2.163 4.677
8128 LG0T 1.8 1.230 1.514 4571 L2089 6.8 2.188 4.786
8035 45T 1.9 1.245 1.549 4519 2042 6.9 2.2138 \ 4.808
J943 | L6310 2.0 1.259 1.585 4467 1995 7.0 2.239 5.012
T852 6166 2.1 1.274 1.622 4416 1950 7.1 2.265 5.120
762 L6026 2.2 1.288 1.660 4865 19005 7.2 2.291 5.248
J674 888 2.3 1.308 1.698 A315 1862 7.3 2.317 5,370
580 D754 2.4 1.818 1.788 L4266 L1820 7.4 2.844 5.4905
T409 5628 2.5 1.884 1.778 4217 1778 7.5 2.371 5.623
JT418 L4056 2.6 1.340 | 1.820 4169 1738 7.6 2.399 5,754
7328 L0870 2.7 1.86G5 1.862 4121 1698 77 2.427 5,888
7244 D248 2.8 1.880 1.905 4074 1660 7.8 2,455 G.026
J161 2129 2.9 1.306 1.950 4027 1622 7.9 2.483 | 6.166
7079 5012 3.0 1.413 1.995 3981 .1585 8.0 2.512 6.310
G998 L4808 3.1 1.420 2.042 L3036 L1540 8.1 2.5641 0,457
6918 4786 3.2 1.445 | 2.089 L3800 514 8.2 2,670 6,607
G889 AGTT 3.3 1.402 2.188 L3840 459 8.9 2,600 6,761
6761 4571 3.4 1.479 2.188 L3808 1445 8.4 2.630 06.918
L6683 A467 3.5 1.496 2.239 3758 ‘ L1418 8.5 2.601 7.079
L6607 L4365 3.6 1.514 2.291 B715 1880 8.6 2.692 7.244
5381 4206 3.7 1.581 2.344 B673 1849 8.7 2.728 7.418
LB457 4169 3.8 1.540 2.399 3631 1318 8.8 2.754 T.586
G888 4074 5.9 1.667 2.455 L3589 1288 8.9 2.786 7.702
6310 3981 4.0 1.585 2.512 3548 1259 9.0 2.818 7.943
62387 L3890 4.1 1.608 2.570 L8508 L1280 0.1 2.851 8.128
0166 L3502 4.2 1.62¢2 2.630 S467 1202 9.2 2.884 §8.318
6095 S715 4.3 1.641 | 2.692 3428 JA175 9.8 2.917 ‘ 8.511
L6026 .3631 4.4 1.660 | 2.754 3388 1148 9.4 2.951 8.710
BbO5T 3548 4.5 1.679 2.818 L3350 1122 0.5 2.985 8.918
H888 3407 4.6 1.698 I 2.884 L3811 L1096 0.0 8,020 0,120
H821 L3388 4.7 1.718 2.951 S278 1072 9.7 8.0565 9.888
5754 L3311 4.8 1.788 | 3.oeo 3236 | 1047 9.8 5,090 9.550
5689 L5286 4.9 1.758 | 8.090 3199 ' L1028 9.9 3.126 9.772
| =
248 GENERAL RADIO COMPANY
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DECIBEL CONVERSION TABLES

TABLE | (continued)

—db+ —db+
<= - <= >
Valtage | Power Voltage |  Power Voltage | Power db Voltage | Power
Ratio | Ratio db Ratio Ratio Ratio | Ratio Ratio Ratio
3162 | .1000 | 10.0 | 3.162 | 10.000 1585 | .02512 | 16.0 | 6.310 | 39.81
3126 | 09772 | 10.1 3.199 | 710.23 1567 | 02455 | 16.1 6.383 | 40.74
23000 09550 | 10.2 3.236 | 1047 1549 02899 | 16.2 6.457 | 41.69
8055 | .09383 | 10.3 3.978 | 1072 1531 02344 | 16.8 6.531 42.66
3020 | 09120 | 10.4 3.311 | 10.96 A514 02201 | 16.4 6.607 | 43.65
2085 | 08918 | 10.5 8.850 | 11.22 1496 | .02239 | 16.5 6.683 | 44.67
2051 08710 | 10.6 8.388 | 11.48 J479 | 02188 | 16.6 6.761 45.71
2917 | 08511 | 10.7 8,428 | 1175 J462 | .02138 | 16.7 6.830 | 46.77
2884 | 08318 | 10.8 3.467 12.02 1445 | ,02089 | 16.8 6.918 | 47.86
L2851 .08128 | 10.9 8.508 | 12.80 1429 | 02042 | 16.9 6.998  48.98
2818 | 07943 | 11.0 | 3.548  12.59 J413 01995 | 17.0 | 7.079 | 50.12
L2786 | 07762 | 11.1 3.580 12.88 1896 01050 | 17.1 7161 | 51.29
2754 \ 07586 | 11.2 8.691 13.18 1880 | .01905 | 17.2 7.244 | 52.48
2728 | 07413 | 11.8 8.678 | 18.49 1865 1 01862 | 17.3 7.828 | 58.70
L2692 ’ 07244 11.4 8.715 18.80 L1349 .01820 17.4 7.413 54.95
2661 07079 | 115 8.758 14.18 L1834 1 01778 | 17.5 7.499 | 56.23
L2630 ‘ 06918 | 11,6 3.802 | 14.45 1818 | 01788 | 17.6 7.586 | 57.54
L2600 | 06761 | 11.7 9.846 | 14.79 1303 | 01698 [ 17.7 7.674 | 58.88
2570 | 06607 | 11.8 3.800 15.14 1288 | .01660 | 17.8 7962 | 60.26
2541 06457 | 11.9 8.936 15.49 L1274 01622 | 17.9 7.852 61.66
2512 | 06310 | 12.0 | 3.981  15.85 1259 01585 | 18.0 | 7.943 | 63.10
2483 | .06166 | 12.1 4.027 | 16.22 %45 | 01549 | 18.1 8.035 | 64.57
2455 ‘ 06026 | 12.2 4,074 16.60 L1230 01514 18.2 8,128 66.07
2497 05888 12.3 4.121 16.98 216 01479 18,8 8.224 67.61
2399 | 05754 | 124 | 4.169 | 17.88 202 | 01445 | 18.4 8.318 | 69.18
2871 05628 | 12.5 4.217 | 1778 L1189 | 01418 | 18.5 8.414 | 70.79
2344 | ,05495 | 12.6 4.266 | 18.20 175 0 .01380 | 18.6 8.511 72.44
2317 05870 | 127 4.815 18.62 1161 01849 | 18.7 8.610 | 74.18
2201 05248 12.8 4.865 19,05 1148 01318 18.8 8.710 75.86
2265 | 05120 | 12.9 4.416 19.50 11385 | .01288 | 18.9 8.811 | 77.62
2239 05012 | 13.0 4.467 19.95 1122 01259 | 19.0 8.913 79.43
2218 | 04808 | 18.1 4.519 | 20.42 1109 | 01230 | 19.1 9.016 | 81.28
L2188 | .04786 | 18.2 1.571 | 20.89 1006 | .01202 | 19.2 9,120 | 83.18
2163 \ 04677 | 18.8 4.624 | 21.88 1084 01175 | 19.8 9.226 | 86.11
L2188 04571 | 18.4 4.677 | 21.88 072 | 01148 | 19.4 0.883 | 87.10
|
2113 ‘ 04467 | 185 | 4782 | 22.89 1059 | 01122 | 19.56 | 9.441 | 89.18
L2089 | 04865 | 13.6 4786  22.91 1047 | 01096 | 19.6 9.550  91.20
2065 04266 | 18.7 4,842 25, 44 1085 01072 | 19.7 9.661 98.83
2042 | 04169 | 18.8 4.898  93.99 1028 | 01047 | 19.8 0.772 | 95.50
L2018 04074 | 18.9 4,955 24.55 .101¢ 01028 | 19.9 9.8806 97.72
995 03981 | 14.0 | 5.012 | 25.12 .1000  .01000 | 20.0 | 10,000 100.00
L1972 | 03890 | 14.1 5.070 | 25.70 s - -
L1950 08802 | 14.2 5.129 26.30 ) e
1998 | 03715 | 143 | 3188 | 2602 —db+
1905 | 08631 | 144 | 5.248 | 27.54 <= =
1884 | 03548 | 145 | 5.300 2818 Voltage | Power it Voltage | Power
862 | 08467 | 14.6 5.870  28.84 Ratio Ratio Ratio | Ratio
1841 03388 | 14.7 5.438 | 20.51 " - et
L1820 | .08311 | 14.8 5.495 | 30.20 3.1621071| 1071 10 3.162 | 10
1799 | 08236 | 149 5.559 30.90 10-1| 1072 20 10 | 102
8.162x1072| 1073 30 8.162X10 | 103
1778 | 03162 | 15.0 | 5.623 31.62 S |
1758 | 03090 | 151 | 5689 3236 1072] 1074 | 40 102 | 104
J788 | 08020 | 15.2 | 5754 | 88.11
JA718 | 02951 [ 15.8 | 5.821 | 83.88 8.162X1073 | 1078 | 50 | 8.162X102 | 108
1608 | 02884 | 15.4 5.888 | 84.67 107% 1076 60 108 | 106
| . | 8.162x107 107 | 70 | s.162x10%| 107
d | ds | sem g
- ‘ Q. v " -5 «
-%235 | 3%833 {5_5 6.065. | 3?;53 81621075 | 1079 90 | 8.162x104 109
5 ; 5. 6.166 ;
1603 | 02570 | 159 | 637 | 38.90 10‘5i 107101 100 1°5| 1010
|

To find decibel values outside the range of this table, see page 247
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APPENDIX

TABLE 1l
Voltage |
GIVEN: Ratio TO FIND: Deci
. N ecibels
POWER RATIOS
To find the number of decibels corresponding to a given Example—Given: a power ratio of 3.41.
power ratio—Assume the given power ratio to be a Find: 3.41 in the table:
voltage ratio and find the corresponding number of .
decibels from the table. The desired result is exactly 3.41-10.655 db (voltage)
one-half of the number of decibels thus found. 10.655 db X 5 = 5.328 db (power)
Voltage ' ‘ 7 -
Ratso .00 .01 .02 .03 .04 .05 .06 | 07 | .08 ’ .09
1.0 .000 086 172 257 341 424 506 | .588 668 749
.828 906 084 1.062 1.138 1.214 1.289 1.364 1.488 1.511

1.584 1.656 1.727 1.798 1.868 1,988 2.007 2.076 | 2.144 2.212
2.279 2.345 2.411 2477 2.542 2.607 2.671 2.784 2.798 2.860
2.928 2.984 3.046 3.107 8.167 3.227 8.287 3.346 3.405 3.464

8.522 3.580 3.687 3.694 8.750 8.807 3.862 8.918 3.973 4.028
4.082 4.187 4.190 4.244 4.297 4.850 4.402 4.454 4.506 4.558
4.609 4.660 4.711 4.761 4.811 4.861 4.910 4.959 5.008 5.057
5.105 5.154 5.201 5.249 5,206 5.843 5.390 5.487 5.483 5.529
5.575 5.621 5.666 5.711 5.756 5.801 5.845 5.889 5.9838 5.977

6.021 6.064 6.107 6.150 6.193 6.235 6.277 6.319 6.361 6.403
6.444 6.486 6.527 6.568 6.608 6.649 6.689 6.729 6.769 6.809
6.848 6.888 6.927 6.966 7.008 7.044 7.082 7.121 7.159 7.197
7.285 7.272 7.310 7.847 7.384 7.421 7.458 7.495 7.582 7.568
7.604 7.640 7.676 7.712 7.748 7.783 7.819 7.854 7.889 7.924

7.959 7.993 8.028 8.062 8.097 8.181 8.165 8.199 8.23¢2 8.266
8.209 8.333 8.866 8.399 8.432 8.465 8.498 8.530 8.563 8.595
8.627 8.659 8.691 8.723 8.755 8.787 8.818 8.850 8.881 8.912
8.943 8.974 9.005 9.086 9.066 9.097 9.127 9.158 9.188 9.218
9.248 9.278 9.308 9.887 9.367 9.396 9.426 9.455 9.484 9.518

9.542 9.571 9.600 9.629 9.657 9.686 9.714 9.743 9.771 9.799
9.827 9.855 9.883 9.911 9.939 9.966 9.994 | 10.021 = 10.049 | 10.076
10.108 | 10.130 | 10.157 | 10.184 | 10.211 | 10.288 | 10.264 | 10.291 | 10.817 | 10.844
10.370 | 10.897 | 10.423 | 10.449 | 10.475 | 10.501 | 10.527 | 10.558 | 10.578 | 10.604
10.680 | 10.655 | 10.681 | 10.706 | 10.781 | 10.756 | 10.782 | 10.807 | 10.832 | 10.857

10.881 | 10.906 | 10.981 | 10.955 | 10.980 | 11.005 | 11.029 | 11.058 | 11.078 | 11.102
11.126 | 11.150 | 11.174 | 11.198 | 11.222 | 11.246 | 11.270 | 11.293 | 11.817 | 11.841
11.864 | 11.887 | 11.411 | 11.484 | 11.457 | 11.481 | 11.504 | 11.527 | 11.550 | 11.578
11.596 | 11.618 | 11.641 | 11.664 | 11.687 | 11.709 | 11.732 | 11.754 | 11.777 | 11.799
11.821 | 11.844 | 11.866 | 11.888 | 11.910 | 11.982 | 11.954 | 11.976 | 11.998 | 12.019

12.041 | 12.063 | 12.085 | 12.106 | 12.128 | 12.149 | 12.171 | 12.192 | 12.213 | 12.234
12.256 | 12.277 | 12.298 | 12.819 | 12.840 | 12.361 | 12.882 | 12.408 | 12.424 | 12.444
12.465 | 12.486 | 12.506 | 12.527 12.547 | 12.568 | 12.588 | 12.609 | 12.629 | 12.649
12.669 | 12.600 | 12.710 | 12.780 | 12.750 | 12.770 | 12.790 | 12.810 | 12.829 | 12.849
12.869 | 12.889 | 12.908 | 12.928 | 12.948 | 12.967 | 12.987 | 18.006 | 13.026 | 13.045

18.064 | 18.084 | 18.108 | 18.122¢ | 138.141 | 138.160 | 18.179 | 18.198 | 18.217 | 18.236
18.255 | 18.274 | 18.298 | 13.812 | 18.380 | 13.349 | 13.368 | 18.8386 | 13.405 | 13.423
18.442 | 13.460 | 13.479 | 15.497 | 18.516 | 18.584 18.552 | 13.570 | 13.589 | 18.607
18.625 | 18.643 | 18.661 | 13.679 & 18.697 | 13.715 & 18.788 | 18.751 | 18.768 | 13.786
18.804 | 18.822 | 18.839 | 18.857 | 18.875 | 13.802 & 18.910 | 18.927 | 18.945 | 138.962

13.979 | 13.997 | 14.014 | 14.031 | 14.049 | 14.066 | 14.083 | 14.100 | 14.117 | 14.134
14.151 | 14.168 | 14.185 | 14.202 | 14.219 | 14.236 | 14.253 | 14.270 | 14.287 | 14.808
14.820 | 14.387 | 14.858 | 14.870 | 14.887 | 14.403 | 14.420 | 14.436 | 14.458 | 14.469
14.486 | 14.502 | 14.518 | 14.585 | 14.551 | 14.567 | 14.583 | 14.599 | 14.616 | 14.632
14.648 | 14.664 | 14.680 | 14.696 | 14.712 | 14.728 | 14.744 | 14.760 | 14.776 | 14.791

14.807 | 14.823 | 14.889 | 14.855 | 14.870 | 14.886 | 14.902 | 14.917 | 14.938 | 14.948
14.964 | 14.979 | 14.995 | 15.010 | 15.026 | 15.041 @ 15.056 | 15.072 @ 15.087 | 15.102
15.117 | 15.188 | 15.148 | 15.163 | 15.178 | 15.198 | 15.208 | 15.224 | 15.239 | 15.254
15.269 | 15.284 | 15.298 | 15.313 | 15.828 | 15.543 | 15.858 | 15.373 | 15.888 | 15.402
15.417 | 15.432 | 15.446 | 15.461 | 15.476 | 15.490 | 15.505 | 15.519 | 15.584 | 15.549
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DECIBEL CONVERSION TABLES

TABLE Il (continued)

Voltaye
Ratio .00 .01 02 .03 .04 05 .06 07 .08 .00
6.0 15.563 | 15.577 | 15.592 | 15.606 | 15.621 | 15.635 | 15.649 | 15.664 | 15.678 | 15.692
6.1 15707 | 15.721 | 15,785 | 15.749 | 15.763 | 15,778 | 15.702 | 15.806 | 15.820 ' 15.834
6.2 15.848 | 15.862 | 15.876 | 15.800 | 15.904 | 15.918 | 15931 | 15945 | 15.959 | 15.973
6.3 15.987 | 16.001 | 16,014 | 16.028 | 16.042 | 16.055 | 16.069 | 16.083 | 16.096 | 16.110
6.4 16.124  16.1837 | 16.151 | 16.164 | 16.178 | 16.191 I 16.205 ' 16.218 | 16.232 | 16.245
6.5 16.258 | 16.272 | 16.285 | 16.208 | 1 6.312 | 16.325 | 16.338 | 16.351 @ 16.8365 | 16.378
6.6 16.301 | 16.404 | 16.417 | 16.430  16.443 | 16.450 ‘ 16.469 | 16.483 16,496 | 16.509
6.7 16.521 | 16.534 | 16,547 | 16.560 | 16.573 | 16.586 | 16.599 | 16.612  16.625 | 16,687
6.8 16.650 | 16.663 16.676 | 16.688 | 16.701 | 16.714 ‘ 16.726 | 16.739 | 16.752 16.764
6.9 16.777 | 16,790 | 16.802 | 16.815 | 16.827 | 16,840 | 16.852 | 16.865 | 16.877 ‘ 16.890
0 16,902 | 16.914 | 16.927 | 16.939 | 16.951 | 16.964 ' 16.976 | 16.988 | 17.001 17.013
1 17.025 | 17.037 | 17.050 | 17.062 | 17.074 | 17.086 | 17.098 | 17.110 | 17.122 @ 17.185
2 17.147 | 17.159 | 17.171 | 17,188 | 17.195 | 17.207 | 17.219 | 17.231 | 17.243 17.255
3 17.266 | 17.278 | 17.290 | 17,302 | 17.814 | 17.826  17.888 | 17.349 | 17.361 17.378
4 17.385 | 17.396 | 17.408 | 17.420 | 17.481 | 17.443 ' 17455 | 17.466 | 17.478  17.490
5 17,501 | 17.518 | 17.524 | 17.586 | 17.547 | 17.559 | 17.570 | 17.582 | 17.593 17.605
6 17.616 = 17.628 | 17.639 | 17.650 | 17.662 | 17.678 17.685 | 17.696 17.707 | 17.719
7 17.730 | 17.741 | 17.752 | 17.764 | 17.775 | 17.786 @ 17.797 | 17.808 17.820 17.831
8 17.842 | 17.858 @ 17.864 | 17.875 | 17.886 | 17.897 | 17.908 | 17.919 | 17.931 ‘ 17.942
9 17.953 | 17.964 | 17.975 | 17.985 | 17.996 | 18,007 | 18.018 | 18,026 | 18.040 | 18.051
0 18.062 | 18.073 | 18.083 | 18.094 | 18.105 | 18.116 | 18,127 | 18.137 | 18.148 18.159
1 18,170 | 18.180 | 18.191 | 18.202 | 18.212 | 18.223 | 18.284 | 18.244 | 18.255 | 18.260
2 18,276 = 18.287 | 18,207 | 18.308 | 18.319 | 18.920 | 18,840 | 18.350  18.8361 | 18.371
3
4

18.382 | 18,802 | 18.402 | 18.413 | 18.423 | 18,484 | 18.444 | 18.455 | 18.465 | 18.475
15.486

18.406 | 18.506 | 18,517 | 18.527 | 18,587 | 18.547 | 18.558 | 18.568 | 18.578

COOOD POOOP XXDPY PPBHP IIINI AIIIN

5 18.588 | 18.599 | 18.609 | 18.619 | 18.629 | 18.630 | 18.649 | 18.660 13.670 | 18.680
6 18.690 | 18.700 | 18.710 | 18.720 18.730 | 18.740 | 18.750 | 18.760 18.770 | 18,780
7 18.790 = 18.800 | 18.810 | 18.820 18.830 | 18.840 | 18,850 | 18.860 18.870 | 18.880
8 18,800 | 18.900 | 18.009 | 18.919 & 18.929 | 18.939 | 18.049 | 18.058 | 18.968 | 18.078
9 18.088 ‘ 18.098 | 19.007 | 19.017 ’ 19.027 | 19.086 | 19.046 | 19.056 | 19.066 | 19,075
0 19.085 | 19.094 | 19.104 | 19.114 | 19.123 | 19.133 | 19.143 | 19.152  19.162 | 19.171
1 10.181 19.190 | 19.200 | 19.209 | 19.219 | 19.228 19.238 | 19.247 19.257 | 10.266
2 19.276  19.285 19,205 | 19.304 | 19.313 | 19.323 | 19.332 | 19.342 @ 19.351 | 10.360
3 19.370  19.379 | 10.388 | 10.398 = 19.407 | 19.416 | 19.426 | 19.435 | 10.444 19.458
4 10.463 | 19.472 | 19,481 | 19.490 | 19.499 | 19.509 | 19.518 | 19.527 ’ 19.586 | 10.545
.5 19.554 | 10.564 | 19.578 1 10.582 ’ 19.591 | 19.600 | 19.600 | 19.618 19.627 | 19.636
6 19.645 | 19.654 19.664 | 19.673 | 19.682 | 19.691 | 19.700 | 19.709 = 19.718 | 19.726
7 19.735 | 19.744 | 19,758 ‘ 19,762 | 19.771 | 19.780 | 19.780 | 19.798 | 19.807 - 19.816
8 10.825 | 10.838 | 19.842 | 19.851 ‘ 19.860 | 19.869 | 19.878 | 19.886 @ 10.805 | 10.904
9 ] 19.913 | 19.921 | 19.930 | 10.939 | 19.948 | 19.956 | 19.965 | 19.974 | 10.983 | 19.991

Voltage |

Ratio 0 1 2 3 4 5 6 7 ’ 8 9

10 20.000 | 20.828 | 21.584 | 22.279 | 22.923 | 23.522 | 24.082 @ 24.609 | 25.105 | 25.575
20 26.021 | 26.444 | 20.848 | 27.235 | 27.604 | 27.050 | 28,200 & 28.627 | 28.943 | 29.248
30 29.542 | 29.827 | 80,103 | 30,370 | 80.630 | 80.881 | 81.126 | 81.364 | 81.596 | 31.821
40 32,041 | 82.256 | 82,465 | S2.660 | 32,869 | $3.064 | 93.255 | 33.442 $8.625 | $3.804

50 33.979 | 34.151 | 84.820 | 84.486 | 84.648 | 84.807 | 84.964 | 85.117 | 85.269 @ 85.417
60 35.563 | 35.707 | 85.848 | 85.987 | $6.124 | 86.258 | 86.801 | 86.521 | 86.650 | 86.777
70 36.902 { 37.025 = 87.147  87.2066 | 37.385 | 87.501 | 87.616 | 87.730 | $7.842 | 87.958

80 38.062 | 88.170 | 88.276 ’ 38,382 | $58.486 | $8.588 | 88.690 @ 88.790 | 38.890 | $8.,088
90 39.085 | 89.181 | 89.276 | $9.870 | 39.468 | 39.554 | 89.645 | 89.735 | 39.825 | 39.913
100 | 40000 — | — | — - s . 5w = - -

To find ratios outside the range of this table, see page 247
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Type
CAP-35
KN
M-2
\-5
V-2

-5
V-10
V-20

50

50-P1, P2

71-A
107
119-A, B
200-13
214-A
219
274

301-A
314-A
371-A, T
350
471-A
500

505

509

510
HSH-B
HM6-C
H61-D
578
5R3-A
620-A
631-B1L
631-P1
648-A
650-A
650-P1
651-AF, AH
663
667-A
670-1

674
700-A

700-P1
T15-A
716-C

252

INDEX BY TYPE NUMBER

Name Page
Power Cord 210
Knobs - . 236
Variae® \utotrnmfnrnmr . 32
Varine® Autotransformer . 32
Vari u"i' Autotransformer . 24
Variae™ Autotransformer . 25
Varine™ Autotransiormer . 26
Variae® Autotransformer . 27
Varine™ Autotransformer . 28
Chokes . : 4 30
Varine™ Transformer . 27
Variable Induetor 62
R-I' Chokes 233
Variae™ Autotransformer 24
Rheostat 228
Decade Condenser. 56
Plugs and Jacks 238
Pateh Cords . 239
Rheostat 227
Rheostat 229
Rheostats - 228
Decade Capacitor U nlt 57
Rheostat 229
Resistor 47
Capacitor . 54
Capucitor : 55
Decade Resistance U mt ; 41
Megohm Bridge . T8
A-I" Mierovolter 190
Vacuum-Tube Bridge . 104
Shielded Transformer . 106
Output Power Meter . . 188
Heterodyne I'requency Meter 218
Strohotace™ 2
Strobotron | 2
Strobolux® 3
Impedance Bridge N9
Oscillator Amplifier 9l
Oscillograph Recorders . 178
Resistor 46
Induetance Bndge 92
Compensated Decade
Resistor .. 43
Jumbo Plugs and Iu l\e . . 238
Wide-Range Beat-Frequency
Oscillator . 156
Voltage Divider . 157
Direct-Current Amplifier . 112
Capacitance Bridge 83

l

Type
716-CS1, CS4
716-P4
720-A
722
723
724-B
736-A
740-B
THR-A
759-P21

750-P22

759-125

759-35
759-P36
760-B
761-A
762-B
783-A
S05-C
S21-A
S30-R
S838-B
874

901
902
904
907
908
0916-A, AL
938

Name

Special Capacitance Bridges.

Guard Circuit .

Page

85

86

Heterodyne Frequency Meter 220

Precision Capacitor
Vacuum-Tube Fork
Precision Wavemeter .
Wave Analyzer
Capacitance Test Brulgc
Wavemeter

50-52
. 164
. 223
. 176

81
224

Tripod and Extension (‘uhle 13

100-IFoot Cable . . 13
Dynamie  Microphone As—
sembly . . . . . . 13
Vibration Pickup . . . . 12
Control Box . . . . . 12

Sound Analyzer . . . . 17
Vibration Meter . . . . 19
Vibration Analyvzer . . . 21
Output Power Meter . . 189
Standard-Signal Generator . 144
TwinrT. . . . . . . 98

Wave Filter o
Alligator Clip . . 240
Coaxial Elements . 122
Slotted Line and Vernier. . 123
Bolometers. . . 127
Voltmeter-Rectifier, In(h( ator 128
Mixer-Reetifier . . . . 129
Component Mount . . . 129
Adjustable Lines . . 130
Adjustable Stubs . 130
Line Elements . . . . 131
Balun . 182
Terminations . . 133
Attenuators . . . . . 134
I'ilters . . 135
External (nupllng | O lemonts 135
Adaptors @ w w e FO0
Coaxial Cable . . . . . 137
Connectors 5 5 138

Insertion Unit, C hplmk Stan l 139

Pateh Cords o w239
Dl . ¢ 5w 2 ow o233
Dial . 233
Dial . 234
Precision Gear-Drive Dml . 234
Precision Gear-Drive Dial . 234

Radio-Frequency Bridges . 96
Binding Posts . . . . . 237
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INDEX BY TYPE NUMBER (continued)

Type Name Page |
038 Jacks . 238 |
940 Deende Induetor Unit 63 |
041-A Toroidal Transformer. . 231
O42-A Output Transformer . 230
1000-1P3 Voltage Divider . 148
100014 Dummy Antenna . . 148
1000-P5 Transformer s w148

1000-P6 Crystal Diode Modulator . 149
1000-P7 Balanced Modulator . . 150
1000-P10 Test Loop . .. 148
1001-A Standard-Signal Generator . 142
1021-AV, AU Standard-Signal Generators . 116
1100-A Frequency Standard . 204 |
1105-A Frequeney Measuring Figuip-

ment , « W N w5 ‘
1106-A, B, C  Frequeney Transfer Units 210
1107-A Interpolation Oseillator . 212
1108-A Coupling Panel . 213
1109-A Comparison Oscilloscope . . 214 ‘
1110-A Interpolating Frequeney

Standard , 218
1140-A Wavemeter . 224
1170-B, BT =M Monitor . o196
1176-A TFrequency Meter 222
1181-A Frequeney Deviation Monitor 193
1183-T T-V Station Monitor . 194
1203-A Unit Power Supply 116
1204-B Unit Variable Power Supply . 117
1206-13 Unit Amplifier . 120
1208-A Unit Oscillator . 168
1200-A Unit Oscillator . 168
1211-A Unit Oseillator . 165
1212-A Unit Null Detector . 110
1212-P1 High-Pass Filter PR I
1213-A Unit Crystal Oscillator 217
1214-A Unit Oseillator 164
1215-A Unit Oscillator 168
1216-A Unit [-F Amplifier 118
1217-A Unit Pulser .« 172
1231-B Amplifier and Null Detector. 107
1231-P2, 3, P35 Tuned-Cireuit Filters . . 108
1231-1"4 Adjustable Attenuator . 110
1233-A Power Amplifier AL
1261-A Power Supply . ¢ 121
1262-A Power Supply . . 121
1301-A Low-Distortion Oseillator . 158
1301-P1 Range Extension Unit . 159
1302-A Oscillator e w2 180
1303-A Two-Signal Audio Generator 162

GENERAL RADIO COMPANY

Type
1304-B
1307-A
1330-A
1390-A
1401
1428
1432
1450
1454-A
1481
1482
1490
1501-A
1530-A
1532-B
1534-A
1535-B3
1550-A
1550-P1
1551-A
1551-P1
1552-A
1555-A
1555-P1
1570
1601-A
1602-3
1604-B
1610-A

1611-A
1612-A,
1651-A
1652-A
16090-A
1700-B

AL

1701-AK, AM, AU

1702-A, M
1703-A
1704-A
1705-A
1800-A
1800-12, 1’3
1803-A
1862-A
1931-A
1932-A
1932-P1
1951-A

I\ File Courtesy of GRWiki.org

Name Page
Beat-Frequeney Oscillator 154
Transistor Oscillator 153
Bridge Oscillator 166
Random Noise Generstor 171
IMixed Air Capacitor 53
Variable Air Capacitor 232
Decade Resistor . . . 10
Deecade Attenuator ’ oL
Deeade Voltage Divider . . 45
Standard Inductor . . . 61
Standavd Induetor ., . 60
Decade Induetor ., . . (3
Light Meter . 191
Microflash® . . . . . 6
Stroboliime 4
Polariscope 7
Contactor TRV -
Octave-Band Noise Analyzer 16
Microphone Adapter Plug 17
Sound-Level Meter 9

Condenser Microphone System 14
Sound-Level Calibrator . . 15
Sound-Survey Meter . . . 1]
Case for Sound-Survey Meter 12
Automatic Voltage Regulator 33

V-H-F Bridge . 100
U-H-F Admittance Meter . 102
Comparison Bridge . < 98

Capacitance Measuring
Assembly . . . . . 87
Capacitance Test Bridge . 80
R-I" Capacitance Meter . . 03
Bolometer Bridge . o126
Resistance Limit Bridge .76
Dielectriec Sample Holder . 88
Variac® Speed Control . . 35
Varine® Speed Controls 35
Varine® Speed Controls | 35
Variae® Speed Control . 3b
Variae® Speed Control 35
Varine® Speed Control . . 35
Vacuum-=Tube Voltmeter. 182
Multipliers ; 185
Vacuum-Tube Voltmeter. 184
Megohmmeter 186
Modulation Monitor . 108
Distortion and Noise Meter = 174
A-M Detector Unit 175
Filter 112
253



INDEX BY TITLE

Page

Adaptor Plug, Microphone Lo X
Adaptors, Coaxial | 136, 137, 240
Adaptors, Socket ; . 95
Adjustable \ulnlmn»l’nrnmr \uruu . 22-32
Adjustable Lines and Stubs, Co: 1\|.1| . 180, 131
Adjustable Transformer, Variae® 28
Admittance Meter, U-1-1 102
Air Capacitor, Iixed -
Precision 50-52
Standard . - 950-52
Variable A .}l‘l 52, 131, 232

Air Line, Coaxial 131
Alligator Clip 240
A-M Detector = i O ;. 278
Amplifier, Audio-I"y t't]llt‘ll(‘\’ NN, ! 7 3 llll 114, 120
Direct Current 112
Power P ¢ 2 °
Unit . . . 110, 120
Amplifier and \’nll I)utmtnr , . 107, 110
Amplifier. Unit Intermediate-Frequency . . 118
Amplitude Modulator . . 149, 150
Analyzer, Noise 17
Octave-Band . 38
Sound 16, 17
Vibration .
Wave 17 21, 176
Antenna, Dummy e 5 388
Antenna Measuring I'.qmpmem .96, 100, 102
Assembly, Capacitance Measuring w a4 2 O
Assembly, Dynamic Microphone 5w ag R
Attenuator, Adjustable 110
Attenuator, Coaxial 134
Decade 44
Audio-Frequeney \Ivtor 222
Audio-Frequeney Oseillator .:l ll-4 212
Audio Generator, I'wo-Signal 162
Automatic Voltage Regulator 33

Autotransformer, Varine®

L. o230

Balanced Modulator o @ @ o 180
Balun « w w 132
Band Analyzer, (): l.ue- s W oa@ X0
Band-Pass Filter o 179
Bar Knobs . 236
Basie Connector, ( m\ml . . . 138
Beat-Frequency Oscillators . . 151, 156, 162, 212
Beat-Frequency Oscillntor, Wide-Range . . 156
Binding Posts und Assemblies . 237, 238
Bolometers . v o« A27
Bolometer Bridge 126G
Bridges . . . . 65-105
Bridge, .-\nlmnl-l-\lml~lnr|ng 46, 100,102
Bolometer . . 126
Capacitance 80 81 R.i h) R. R'J 'll:, 98, 100
Capacitance lesl. 80, 81
Comparison 93
D-C Limit, . 76
High-Resigtunce . I8
Impedance 84, u.} llh 100, 102
Impedance Compurison . 93
Inductance 92
Megohm 78
254

Power-Factor .

Radio-Frequency .

Resistance i

Resistance Limit .

Schering

U-H-T .

Universal

V-11-F

Vacuum-"Tube
Bridge Amplifier .
Bridge Amplifier-Ose |Ilnlnr
Bridge Detector i
Bridge Guard Circuit .
Bridge Oscillator
Bridge Transformer
Broad-Band Modulator
Broadeast Frequeney Monitor
Broadeast Monitor, I'-N
Broadeast Monitor, TV .

Cable, Coaxial .

Cable, l-.\tenemn and T rxpod
Cable Connectors, Conxiul
Calibrator, Sound-Level

Capacitance Bridge. 80, 81, Rd Rn 81 8" 'lh. ‘IS lll()
Capacitance Measuring Assembly i
Capacitance Meter (for sockets) .

Capacitance Meter, R-F
Capacitance Test Bridge .
Capacitors
Capacitor, Air Diclectric
Decade
Fixed
Fixed Air r
Mieca Dielectrie
Paper Dielectric
Precision
Standard
Variable Air :
Clase for Sound-Survey \lt‘ll r
Chokes (for Variaes)
Choke, Radio-F ruquemy .
Clip, Alligator
Cliplock, Coaxial
Coaxial Elements

Page
80, 81

~96, 98, 100, 102

76, 78, 89

. = 18
83, 58, 87
102

89

100

. . 104
107, 110

5 &5 109
. 91, 107, 110
86

01, 160, 164, 165, 166

106
114, 150
193
196
194

18-58

_50-52, 53, 131, 232

H6-H8
H53-55
B 53
54, Hb, b6, 57
ab, 57
. H0-5H2
a0-52, 53, &5

| 50-52, 131, 232
e

30

233
240
139
122139

including \dumﬂm \{Ijll*-t‘l'llc l.lmw -lml

Stubs,
lock, Component

Attenuators, Balun,
Mount,

Cable, Clip=
Connectors,

Coupling Elements, Filters, Flexible Line,
Generator and Detector suggestions, In-

sertion Unit,

Stand,

pacitor,
Coaxial Patcheords
( mnpuri-mn Bridge
Comparison Oseilloscope |
Compensated Decade Resistor
Component Mount, Coaxial
Clondenser Microphone System
Condensers (see Capacitors)
Connectors, Coaxial

Shielded . . .

GENERAL RADIO COMPANY
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Air Lines,

Blotted Line,
Terminations and Variable Ca-

131, 239, 240
93

214

43

129

14

138
240



INDEX BY TITLE (continued)

Constant-Inductance Resistors
Constant Voltage Megohmmeter
Contactor, Stroboscope

Control Box and Vibration Pickup .

Controls, Motor Speed
Cord, Patch

I’m\ er . :
Coupling k Iements, Cua\ml
Coupling Capacitor, Coaxial .
Coupling Panel = W
Coupling Probe, Coaxial . .
Crystal Diode Modulator .

Decade Attenuator . . .
Decade Capacitor . x
Decade Condenser . . .
Deeade Inductor
Decade Resistor .
Decade Resistor, Lompe11=ated
Decade Switches
Decade Voltage Divider
Deviation Monitor, Frequcncy
Dial, Direct-Drive . .
Frietion-Drive .
Gear-Drive
Precision :
Dielectric Measuring Bndge y
Diclectric Sample Holder .
Diode Modulator, Crystal
Direct-Current Amplifier .
Distortion and Noise Meter .
Dummy Antenna
Dynamie Microphone \weml nl\
I)_\ namic Microphone Cable .
Dynamic Polariscope . .

Elements, Coaxial . . . . .
EllCosxtal e & « & @ 5

F-M Monitor . . . . + .
Filter, Band-Pass . . . .

Conxinl

High-Pass .

Low-Pass

Tuned Cireuit

Wave
Fixed Capacitor . . . . .
Fixed Inductor . . . . . .
Fixed Resistor . . . . . .
IMash, High-Speed .
Flexible Coaxial Line .
Fluted Knobs "
Fork, Vacuum-Tube Dm.'en .
Frequency Deviation Monitor
IPrequency Measuring Equipment
Irequency Meter, Audio .

Heterodyne . . . .
I'requency Monitor . . .

Page

.. 43
v @ 180
i 5
.12

.. 33T
131, 239, 240
210

. 135

. 135

. 213

135

C L 149

.44
H6-H8
H0-58
63, G4

. 40443

. 43

. 42 58

e w o 45
... 1u3
. 4 233,234
. 233, 234

o o 284,285
.. 234,235
83, 85

. . 88
. 149, 150
112

. 174

. 148

13

13

//

. 122-139
131

196

170

135

110

R
108, 109, 112
179

53, 54, 55
60, 61, 62
406, 47

TR 1}

o o 481

« - 230

. 104

. 1903

207

222

210, ..1‘3 220
193, 194, 196

Frequeney Monitor, Broadeast
Frequency-Modulation
Television .

Frequency Standuard

Frequency Transfer Unit .

Frietion-Drive Dial

Iuse Assortment . . .

Fuse Bolometer

Ganged Variaes . . . .
Gear-Drive Dial .
Cienerators (see ( )sm]lators)
Generator, Random Noise
Standard-Signal @ 3
U-H-F Standard Signal .
Unit Pulser . i
V-H-I" Standard Slgnal
Cuard Cireuit .

Harmonie Analyzer
Heterodyne Frequency Meter
High-Frequeney Resistor .
Iigh-Pass Filter . . .
High-Speed Light Source .
High-Speed Recorder .
Holder, Bolometer .

Holder, Dielectric bample

Impedance Bridge . .
Impedance-Matching 'I’ramformer

Impedance-Measuring Network, Twin-"I"

Indicator, Voltmeter
Inductance Bridge .
Inductance Standard .
Inductors :
Inductor, Decade .

Wixed & = u

Standard . ;

Variable . . .
Industrial Instruments
Insertion Unit, Coaxial . o
Insulated Plugs . . kol Ik
Insulators, Panel T ermuml .
Intermediate-Frequency Amplifier, l ml
Intermodulation Test Source .
Interpolating Frequency Standard
Interpolation ¥quipment .
Interpolation Oscillator
Inverse-Feedback Osecillator

JacksandPlugs . . . . . . .
Joint, Rotary Coaxial . . . . . .
Jumbo Plugs and Jacks

Kit, Slotted Line . . . . . . .
Anobg- = & = ow o v oW o oW
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204
. » 210
. 233, 234
127
127

L. 30
. 234, 235

v oo L
. 140150
146
172
116
86

o 17y 21,176
210, 218, 220

46
111
6
178
127
88

89

231

08

128

¢ . 92
o0, 61, 62
SU-G4
63, G4
60, 61
lil'l 61, 62
. B2

. 187
139
L2400
237, 238
118

162

215

207

. 212
158, 160

. 238, 210
131
238
.. 124
. . 236
255



INDEX

Knob, Bar
Fluted .
Spinner
Switch |

Lamp Termination. Conxinl
Light Meter :
Limit Bridge, Resistance .
Line, Couxial Air

Linrr. Flexible Coaxiul .
Line, Radiating Couxial
Line, Slotted

Line Stretchers, Coaxi: ll
Loop, Test 5
Low-Distortion Oseills ll(ll
Low-Pass Filter

Matched (50-€23 Termination, (oaxial
Megohm Bridge
Megohmmeter

Meters
Meter, .\llcm.allng-
Current 128, 182, 184,
Audio-Frequency 182, 184,

Distortion and Noise
Frequeney Deviation
Heterodyne Frequencey
Light .
Megohm
Noise
Output . .
Output-Power
R-I" Capacitance . ;
Sound-Level . . . . .
Sound-Survey .
U-H-F Admittance :
Vacuum-Tube Voltmeters
Vibration
Microflash .
Micrometer Vernier
Mierophone Adaptor l’lu;,
Miecrophone Assembly, Dyvnamic
Microphone System, Condenser
Microvolter, Audio-Frequency
Military Coaxial Adaptors
Mixer Rectifier . A
Modulating Oseillator .
Modulation Monitor
Modulator, Amplitude
Modulator, Balanced
Modulator, Cryvstal Diode
Modulator, Video
Monitor, Frequency
Motor Speed Controls
Mount, Coaxial Component

192,

\Iulhphcr (for Vacuum-Tube YV, nhm(-m )

Multivibrators .
Mutual Inductance bmndard
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Page
236
236
236

L. 93

133
191
6

131

130

135

133
78
o e, 186
. 180-191
IS8, 189,
188, 189,

190
190
174
193
220
191
. 186
«9; 10

. 188, 189
. 188, 189
. = 9D
o 8cl2
11

vow 102
. 182, 184

ST

6

124

SR - |
o « 19
14

190

137

129

198
150
150
. —l‘) 150
. 149, 150
194, 196
35-37
129

. 185

. 205, 215
62

. 149,

Network, Attenuation s
Noise Analyzer, Octave-Band
Noise Generator, Random
Noise Meter

Null Detector, and \mphﬁel
Null Detector, Unit

Octave-Band Noise Analyzer
Open-Circuit Termination, Coaxiul
Oscillators . . . U1, 151
Oscillator, Audio
Beat-Frequeney
Bridge .
Eleetro-Mechanical
Interpolation
Inverse Feedback
Piezo-Tlectrie .
Radio-Frequeney . l)h 165 17()
Resistance-Capacitance- I uned .
Transistor . :
Tuning-Fork- I)rnen A
Ultra-High-Frequency
Unit "
Very-1ligh-F ](:(]llcll( g
Oscillator-Amplifier
Oscillograph Recorder .
Oscilloscope, Comparison .
Output Meter
Output-Power Meter

151

. 164,

Panel Connector, Coaxial
Panel Terminal Insulators
Parts and Aeccessories

Pickup, Vibration
Piezo-Eleetrie Oscillator
Plugs and Jacks
Polariscope .
Polyethylene C-ll)le
Potentiometers .
Power Amplifier
Power Cord 5 s
Power Meter, Output .
Power Output Transformer
Power Supply
Power Supply, Unit

Unit Variable .
Precision Capacitor
Precision Dial
Precision Wavemeter ;
Primary Frequeney Standard
Pulser, Unit

Radio-Frequency Bridge .
Radio-Frequency Capacitance Meter
Radio-Frequency Choke
Radio-Frequeney Oseillator
Random Noise Generator
Range-Ixtension Unit

l)h Ih) |4()
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173, 210-213, 215,

154, 156,

.91, 160, 164,

. 158,
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E & e A w220
Pateh'Coxd, - « o . & . 181,
© 204,
. 238,
L 226

. 188,

'lhi.
7 U

96, 98,

Pagye

16
« 3
. 9-12
107
110

16
133
217
212
212
166
164
212
160
201, 217
210, 217

164,
162,
165,

. 158, 160

153
. 164
168-170

165, 168-170, 217

168170
91

178

214

. 188, 189
L 188,

184

138
238
240
240

12
217
240

239,

7
137
229
114
240
1849
. 230
117, 121
.7
H0-52

. 234, 235

223
204
172

100, 102
95
233
2[0 217

171

1549
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Recorder, Oscillograph
Rectifier, Mixer
Rectifier, Voltmeter
Regulators, Line Voltage .
Resistance Bridge .
Resistance-Capacitance Oscillator
Resistance Limit Bridge
Resistance Meter, Megohm
Resistors
Resistor, (ompensmed l)e( ude
Constant-Inductance
Decade
Fixed
High-F rumuu y
Variable g
Rheostat and Voltage l)wulm
Rotary Joint, Coaxial .

Schering Bridge

Secondary Frequeney \t.mdnrd

Shielded Conductors

Shielded Plug and Cable

Shielded Transformer .

Signal Generators, Standard

Slotted Line

Slotted Line \Iwrmncler Vernier

Sound Analyzer :

Sound-Level Calibrator

Sound-Level Meter

Sound-Survey Meter

Speed Controls, Motor

Spinner Knob

Stand

Standard, ('upat lt.m« ¢
Inductance ‘ "
Interpolating Frequencey
Mutual Induetance
Primary Frequency
Secondary Frequeney

Standard-Signal Generators

sStrobolume |

Strobolux®

Stroboscopes

Stroboscope Contac lur

Strobotac®

Strobotron

Stubs, Coaxinl

Switches

Syneronometer

Tee, Coaxinl

Television Station I'requem v \lnnnnr
Terminal Insulators, Panel
Termination, 50-2 Coaxial
Termination, Open-Circuit Coaxial
Termination, Short-Circuit Conxial
Test Bridge, Capacitance .
Thermistor . g :

Transfer Unit, Fx equem,y

a-52,

Puage

178

129

. 128
33, 31
76, 78, 89
158, 160
06

. 186
3847

43

; 43
10-43

16, A7

’ A6

. 226220
22(-229
131

83, 85, 87
204
240
240
. 106
140-150

. 123, 124
. 124
16, 17
.15

. 9-12

230,

. 13'3
53, 55
60, 61, 62
215

G2

204

S 204
110150

131

. . 194
. 237, 238
133

133

. 133
80, 81
127

210

Transformer, Adjustable (Variac®) |
Bridge .
Impedanee Mate hmg
Power Output
Shielded
V-H-F .
Variae®
Transistor Osc lll.uor
Transmission Line Adaptors, (D‘l\l.ll
Tripod and Extension Cable .
Tuned Cireuit
Tuned-Circuit Filter
Tuning Fork, Vae uum-luhe l)u\en
Tuning-Fork Oscillator
Twin=T" Impedance-NMeasuring \ch\ml\
Two-Signul Audio Generator .

108,
108,

U-H-T" Coaxial Flements . .
U-H-F" Heterodyne Frequeney Meter
U-11-F Oscillator

U-H-F Standard-Signal (.cucmlur
U-H-F Wavemeter o T
Unit Instruments 4 = ll(). 116, 117,
164, 165, 168-170,

Page
22-32
106

231

230

106

118

28

153

136

: 13
1040, 112
100, 112
161

164

U8

162

122-139
220

. 168170

116

. 224
118, 120
172, 217

including Null Detector; Power Supplies;

I-F Amplifier; Audio Amplifier;
R-F, V-H-F and U-H-F
Pulser; Crystal Oscillator.

Vacuum-Tube Bridge .
Vacuum-Tube Driven Fork
Vacuum-Tube Voltmeter .
Variable Air Capacitor
Variable Inductor .

Variable Resistor

Variae® \ulmruunformcr
Variae® Motor Speed Contrals
Variae® Transformer
Variometer

V=1 Ogeillator

V-1-1" Standard-Signal L'ener.uur
Vibration Analyzer . . . . . . .
Vibration Meter

Vibration Pickup

Voltage Divider :

Voltage Divider (10 : 1)

Voltage Divider (Decade)

Voltage Divider (Rheostat)

Voltage Regulator, Automatic
Voltmeter, Vacuum-Tube

Voltmeter Indieator

Voltmeter Rectifier

,({-32

Wave Analyzer @ me w w cen w s B

Wave Filter
Waveform-Measuring ln~1runu-m~

Audio,
Oseillators;

104
164

182, 184

131, 232
G2

| 226220

22-32
35-37
28
(32

168170

116

21

190

12

157

148

45
22(.-2"‘)
33

182, 184
128

128

21, 176
179

C1TH1TY

Wavemeters (see also Frequency \leter) . 223, 224
Wavemeter, Precision . . 223
Wide-Range Beat-Frequency ()q( lll.ltOI 156
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