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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 correct 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 make the
maintenance of this contact essential. For this reason, the General Radio Come-
pany maintains no sales agencies in the United States, but distributes its products
directly to the econsumer on a net, no discount, basis. The Company maintains
factory branch offices in several major cities of the U.S. which are staffed by
skilled, lactory-trained engincers.

In order that customers outside the United States may receive equivalent
technical service, exclusive distributors have been appointed in many foreign
countries, each capable of giving technical and commercial information regarding
Gieneral Radio products. For a list of foreign distributors, see the inside back
cover of this catalog. In all matters regarding General Radio apparatus the cus-
tomer should communicate with the appropriate distributor. Prices listed in the
catalog 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.
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SUGGESTIONS FOR ORDERING

ORDER BY TYPE NUMBER

Always order by catalog type number,
and whenever possible mention name of

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

item, ranges, or other significant specifica- PACKING

tions as protection against misunder-
standing.

Be sure to include orders for any acces-
sories desired or for calibrations which
must be made before shipment. When minor

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

modifications are desired to adapt the  SHIPPING INSTRUCTIONS

equipment to the customer’s purposes, our
Sales Engineering Department 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.

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 he
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
ciTy gip | Air | Air .‘Emf . Ai Air Air | RBail 1i | Air Air | Rail | Air | Air | Rall
Freight| Br- |Pared| Ez- | pity | Ez- | Paree | Er- |poin, | Exe | Pared | Er- | piiny | Bz- | Parcel | Ez-
9% press [ Fost | press i e Post | press |"TN | press | Post | press | TGN wress | Post | press
l“.'iEF:\T.U ............. | 115 | §L.50 ‘ $2.65 | §1.50 | $6.60 $I S’) Sl"ha 52,39 Shhfl £6.56 (820.15
: 1.26 | 130 204 | 153 A 1414 7 T | 9,12 3
126 | 150 | 204 | 158 14.14 | 205 | 8.65 | 1206
139 | La0 3.31 | 1.63 1611 | 319 | 9.25 | 1424
1.26 1.50 204 1.60 1414 7 12,96 ‘
1.47 1.50 3.63 1.80 18.03 2102
147 1.50 3.63 1.79 18,03 21.92
1.600 157 .00 2005 | 20000 b 3216
1.60 1.57 400 | 2,05 | 1 20,00 | 5.32 | 2135 | 32.18 76
115 | 130 265 | 1.50 12.65 | 253 | 7.10 | 912 | 2!) 15 ‘ 3.30
| 75 POUNDS | 100 POUNDS 1 200 POUNDS 400 POUNDS
CITY . Air Air Rail | - Air : Air Air Rail : Air Air Rail
Air ao | Air | p Air . y Air | . y .
i Ez- | Paredd | Ex- | g2 Pareel : Ez- | Pareel | Er- | g2 Er | Purcel| Ez-
Freight press | Post | press Freight Post Freight press | Post | press Freight press | Post | press
1§ — | $4.39 | 87.87 | — SJS.N $20.80 | = (§10.00 $13-lflﬂ -
-_ 5.67 al1h | —_ | 1560 | 39.60 — 14.28 =i
— | — | 18.05 | 58.80 | — | 1622 —_
— | —_ 24,60 65.20 — 18.16 —

G — = 2611 | 53.80 | — | 1870 —
HOUSTON — - 43,10 103,60 | — | 2404 —
DALLAS. — —_ 36.33 103.60 | — | 2444 —_

IU‘: ANG - — 48,35 15480 = 3544 —
— 7740 — 40,95 154.80 —_ 25.10 | 24 —

Cl l:.\ ]'Lr\\ b S _ | 18,80 — 16.60 | J0.60 — 12,84 —

flhte per C‘r‘n"l.'. All rates subject Lo 35 Government tax. .

ADDRESS REMITTANCES

All ecommunications, except when other-
wise advised, should be sent to 275
Massachusetts  Avenue, Cambridge 39,

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

Massachusetts, or to one of our branch PRICE CHANGES

offices (sce inside front cover),
TERMS

Net 30 days. All prices are F.O.B. Cam-
bridge, or West Concord, NMassachusetts.
Unless eredit has already been established,
shipments are made C.0O.1,

When full payment accompanies an order
for equipment, except for repairs, we pay

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.

transportation charges to any point in the =~ NO TRADE OR EDUCATIONAL DISCOUNTS

continental United States, except Alaska,
on carrier of our choice.

Our prices are made on a direct-to-
consumer basis which permits ol no special

Copyright, 1953, by General Radio Company, Cambridge, Mass,, U.B.A.



SUGGESTIONS FOR ORDERING

discounts. By the climination 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:

1O0=19 : cscossemsnss o 5 per cent
2099 cumise ien 10 per cent
100 or more. . ..... 15 per cent

Questions regarding the applicability of
quantity discommts to any item in this
catalog will be answered promptly by our
Sales Fngineering 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
defects 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 {ree 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 subscription to the G-R EXPERIMENTIER.

Name (print)

Company Name

Company Address

Strect City and Zone No. State

Type of BUSINeRS. .. vu seuuiisis o9 s@ i eha 5absmbive o v Your Title. ...........

IMPORTANT!
PLEASE FILL IN COMPLETELY.



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 loecated in Cambridge
(across the Charles River from Boston) at
275 Massachusetts Avenue. This is half way
between the Massachusetts Institute of
Technology and Central Square, Cambridge.
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The accompanying map gives details for
reaching the plant by public transportation
or automobile.

Hours vor Visrrors: 10:00 s to 4:00
p.m. every day except Saturdays, Sunduays,
and holidays.
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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 companies. To simplify the listing of these
patents they are given here in a single list and referred
to at each instrument only by appropriate reference
numher

1. “Certain vacuum-tube amplifier devices, elec-
tric wave filters, vacuum-tube oscillators, and sound-
level meters are licensed by Western Electric Coms-
pany, Inc., under all United States Letters Patent
owned or controlled by American Telephone and Tele-
graph Company, or Western Eleetrie Company, Inc.,
and any or all other United States patents with re-
spect to which Western Lilectric Company, Inc., has
the right to grant a license, solely for utilization in
It‘-t"llih, investigation, mmuuumcnt testing, in-
struction, and development work in pure and 1|1)lim!
seience, in(:luding engineering and industrial fields.”

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

Vi GENERAL

devices and cirenits, and elements for use in such
devices and eircuits.”

3. Patent 2,125,816,

4. Patent 2,548,457,

5. Licensed under all patents and patent appliea-
tions of Dr. G. W. Pierce pertaining to piezo-clectrie
erystals and their associated cireuits.

6. Licensed under designs, patents and  patent
applieations of Iidgerton, ‘Germeshausen and Grier

7. Patent 2,294,941,
8. Patent Applied For.
9, Patent 2,173,427

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,?]8‘

18. Patent 2,374,248,

19. Patent 2,160,588,

20. Patent ‘2.][]1 336,

21. Patent D 161 030,

RADIO COMPANY



INDUSTRIAL INSTRUMENTS AND CONTROLS

GexeraL Rapio industrial instruments are
electrical and electronie 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® Autotrans-
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 if 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 1 rpm. Because the eye
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 analyzed with the stroboscope under
normal operating conditions.

The stationary image that is seen when the
flash and rotational speeds are equal makes
possible very precise speed settings, and when
the flash rate control is calibrated in rpm, as
in the STROBOTAC®, the stroboscope can
be used as a tachometer. Since there is no
mechanical contact, no power 1s 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 STROBOLUNMI is a1 high=intensity light
source, flashed from a Strobotae or from a con-
tactor, for low-flushing-rate applications, such
as looms and printing presses. The CON-
TACTOR is a device for attachment to a
cerankshaft or other machine shaft to flash a
stroboscope one or more times for each revolu-
tion of the shaft. It ean be used with either the
Strobotac or the Strobolume. The MICRO-
FLASH® is an ultra-high-speed light source
for single-flash photography of rapidly moving
objeets such as bullets and projectiles,

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

SOUND AND VIBRATION

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

in machines, appliances, and similar equip-
ment, as well as general noise levels in offices,
buildings, streets, ete. The SOUND-LEVEL
METER and the SOUNDSURVEY METER
measure the level of the noise in terms of ac-
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 arc 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 POLARISCOPI represents a new
approach to the problem of stress analysis in
photoelastic models. With the STROBO-
LUME light source, photographie exposure
time is reduced to a few millionths of a second,
which greatly reduees the size and weight of
the assembly, gives a large, S-inch field and
also permits the photography of dynamic
patterns.

MOTOR SPEED CONTROLS
General Radio VARIACY? SPELED CON-

TROLS provide smooth and continuous con-
frol of speed in d-¢ motors, operating from
the a-c¢ 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 Y15 hp, ¢ hp, 14 hp, and
3¢ hp, 1 hp, and 115 hp.

VARIAC®

The VARIAC autotranstormer  gives
smooth, continuous manual control of a-c
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 in all types of industry
for controlling voltage, heat, light, motor
speed, and other voltage-sensitive quantities.
General Radio’s new Duratrak process assures
long life and reliable performance under
severe operating conditions.

GENERAL RADIO COMPANY 1



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. In the design and
testing of machines and high-speed mecha-

nisms, the Strobotac is invaluable. The
operation of motors, fans, pullevs, 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, It 1s approved for use in checking
the calibration of aircraflt 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 electronie pulse generator deter-
mines the flashing speed, which can be
adjusted by means of a direet-reading dial.

Normal range is from G00 rpm to 14,400
rpm. An additional range of 1 10th the scale
values, i.e, G0 rpm to 1410 rpm, can be
selected by throwing a switeh at the rear of
the instrument.

Speeds below 900 or above 11100 rpm,
up to about 100,000 rpm, can be measured by
using flashing rates that are simple multiples
or submultiples of the speed to be measured.
Below 600 rpm, the STROBOTAC ecan be
used for observations and control purposes,
but, as the speed deerenses, flicker becomes
pronounced, owing to the low average level
of illumination and to the inability of the
human eve to retain successive images long
enough to give the illusion of continuous
motion. For these low speeds, the STROBO-
TAC can be used to flash the Tyrr 1532-B
Strobolume  (page 4), which produces a
high-intensity flash.

The light flash from the Strobotron is ex-
tremely short and ean 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,

> Iigh accuracy — =19, when standardized
by comparison with the power-line frequency.
> Can be used in places inaccessible to con-
ventional tachometers.

> [Easy to set — easy to read.

> Where more light is required, auxiliary light
sources are available — sce STROBOLUX
(page 3) and STROBOLUNMLIS (page 4).

SPECIFICATIONS

Range: GO0 to 14,400 FRIN 0N dial: ean be used to measure
speeds up to 100,000 rpm. Additional low range, 60 to
1440 rpimn,

Accuracy: =419 of dial reading above 900 rpm on
normal (600 to 14,400 rpm) range.

Flash Duration: 3 to 10 millionths of a second.

Power Supply: 105 to 125 volts, 60 eveles. Prices quoted
on request for other vo ; and frequencies.
Power Input: 35 watts, maximum.

Vacuum Tubes: One Tyre G31-P1 Strobotron, one
6X5-GT/G and one GN7-GT/G are required, A complete
set of tubes is furnished with the instrument,
Accessories Supplied: Seven-foot power cord, plug to
fit. contactor jack, and spare fuses.

Mounting: Metal eabinet with earrving handle.
Dimensions: 724 x 9 x 10 inches, over-ull; lens dinmeter,
5 inches,

Net Weight: 915 pounds.

Tuype Code Waord Price B
631-BL Strobotac® (60 to 14,400 rpm). . .. ... BRUIN | $150.00
631-P1 Replacement Strobotron .. .......... | SENNA 7.50

PATENT NOTICE. ESee Note 0, page vi.

2 GENERAL RADIO COMPANY



STROBOSCOPES

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

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

DESCRIPTION: T'vrr (18-A Strobolux consists
of a power supply and lamp. capable of pro-
dueing brilliant light flashes at speeds up to
6000 per minute. The friggering source 1s a
Tyre 631-BL Strobotae which can be con-
trolled by (1) the self-contained pulse gener-
ator in the Strobotae, (2) the a-c line, (3) an
external contactor ('vere 1533), or (4) an
external  oscillator, preferably one which
can supply square wave pulses.

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

FEATURES: The combination of the Typr
631-B1. Strobotae and Tyrr 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 Typrn
(G48-A Strobolux is an economical solution to
problems requiring greater illumination than
1s provided by the Strobotuac.

SPECIFICATIONS

Range: Up to 100 flashes per second (6000 per minute).
Single flashes for photography ean also be obtained.
Duration of Flash: Between 15 and 50 microsceonds,
depending upon flashing speed and upon the setting of
the SPLEIEDS range switch, The shorter flash is obtained
at the higher speeds,

Guide Number: The guide number (distance in feet
x aperture) for single flash is about 20 with fast film.
Accuracy: The accuracy is that of the source controlling
the flashing speed. (See specifications for Tyre 631-BL
Strobotae, page 2.)

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
G0 eyveles,

Power Input: 1235 watts, maximum.

Vacuum Tubes: One 523 Reetifier and one Typr G458-1P1

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

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

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

Dimensions: 13%] x 1134 x 13}4 inches, over-all; lens
l'.li:\:m"l'l‘r, "\]| inches.

Net Weight: 3177 pounds.

__'.-"_rr,m' - _ Code Waord Price
648-A Strobolux® . . . ... ... ... .. ... .. ..... SCALY $225.00
648-P1 Replacement Lamp . ... .. ... ..... | SURLY | 17.50

PATENT NOTICE.  See Note 6, page vi.

(Left) Adjusting electrie shaver cutters with the Strobotac — photo courtesy Remington Rand. (Right) Tyee 631-BL

Strobotae with Tyre 618-A Strobolux.,

GENERAL RADIO COMPANY 3



STROBOSCOPES

TYPE 1532-B STROBOLUME

(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. T'wo 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 an external contactor such as the
Tyer 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, camshaft, or countershalt,
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 1s often too fast to be stopped by
conventional “speedlights.”

LIGHT SOURCE)

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

FEATURES: > Brilliant, white
flash.

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

> Iflashing rates up to 3000 per minute.

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

> Compact, light, portable assembly.

> Lamp and its housing are removable from
power supply and are provided with a 10-foot
extension cable,
> Lamp housing
socket.,

> Sealed-beam lamp is easily removed for
replacement.

high-intensity,

is provided with tripod

SPECIFICATIONS

Flashing Speed Range: Iligh intensity continuons,
60 flashes 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: Approximately 40 microseconds with
intensity  switeh at TG approximatels 20 miero-
seconds with switeh at LOW.
Guide Number: The guide number (distance in feet x
aperture) for HIGH intensity is about 100 with fast film.
Flashing Control: Tvre 1535-B Contactor or Tvyege
631-BL Strobotae with Tyri 1532-P2 Transformer Cable.
Tubes:

1 Rectifier — Tyre 816

1 Strobotron — Tyer 0AS5

1 Flash Lamp — Tvyee 1532-P1 (GE Type IT-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 he
flashed manually by push button, For stroboscopie work,
a Tyre 1535-B Contactor, or 0 Type 631-BL Strobotac
with Tyre 1532-P2 Transformer Cable is needed.
Mounting: Metal ease with rounded top; lamp is re-
movable; storage space for lamp eable i2 provided in
case. Tapped hole (Y4 x 20) for tripod mounting is
provided in lamp housing.

Power Supply: 13 1o 125 volts, 30 to 60 eyeles.
Power Input: At HIGH intensity, 105 watts at 660 flashes
per minute; 500 watts at 1200 flashes per minute, At
LOW intensity, 120 watts at 3000 flashes per minute.
Dimensions: 13 x 71, x 1114 inches, over-all; lamp unit,
6 inches diameter x 5% inches,

Accessories Supplied: Power cord with ground ter- Mect Weight: 1584 pounds. Lamp unit only, 2 pounda.
Tuype Code Waord Price
1532-B Strobolume. ... .................. ‘ TITLE $265.00
1532-P1 Replucemeni La mp . e TOWEL 30.00
1532-P2 Transformer-Cable (Lengl’h 7 feet). . l TULIP 12.00

PATENT NOTICE. Bee Note 6, page vi.
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STROBOSCOPES

TYPE 1535-B CONTACTOR

USES: The Tyre 1535-13 Contactor is a
control and coupling device for synchronizing
a stroboscope and a rotating shaft, so that
motion can be observed stroboscopieally as a
function of shaft angular position. It is
particularly useful in the examination of
relatively  low-speed machinery with the
Tyre 1532-B StrosoLuMme, 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 Stroporac and Srropo-
LUX, al speeds below 5000 rpm.

DESCRIPTION: The basic elements of the
Contactor are the eclectrical contacts, the
phase-adjusting system, and the mechanical
coupling system.

The electrical contact system comprises an
aceurately rotating cam 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 scale is so arranged that it may be set
to zero without changing the contact setting.
This is particularly useful for making timing
studies. T'wo phase adjustments are provided,
one is loeated 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-
tactor may be located at any point on this rod
and is locked in position by a thumbscrew.

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.
> Cluteh has spring-loaded centering deviee.
» 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-magnetic,

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

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

SPECIFICATIONS
Speed Range: 0 1o 5000 rpm.
Contacts per Revolution: One.
Range of Phase Adjustment: 360°.
Range of Height Adjustment: 6 inches to 4 feet.
Diameter of Base: IX inches.
Accessories Supplied: Auxiliary coupling devieces for
connection to ghaft in which hole has been drilled.
Other Accessories Required: When the Contactor is
uszed with & Strobotae, a T'yvre 1535-P1 Adaptor Cuble is
needed for connection to the Strobotae.

Net Weight: 47 pounds,

Type Cade Word Price
1535-B | Cambercloi; .. ouvvonumnsinn R CROOK $135.00
1535-P1 Adaptor Cable. .. ...... s G asmosr| CROOKCABLE | 6.00

PATENT NOTICE. See Note 6, page vi.
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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, eapable of arresting extremely rapid
motion and recording it with conventional
camer: equipment.,

Photographs of objects moving at extremely
high speeds are possible with the Mieroflash,
and it finds many applications in engineering
and the physical seiences, particularly in such
fields as ballisties, hydraulies, kinematics, and
industrial ¢'|1c‘llli.-'l|"\'.

Among these are studies of wear or abrasion,
of turbulence in liquids, of fractures in solids,
of mechanical distortion at high rotational
speeds, and of the atomization of liquid fuels.
DESCRIPTION: T'he elements of the Microflash
are a power supply, a gas-filled lamp. and a
trigger circuit. A high-voltage transformer
and rectifier, operating from the a-¢ power line,
charge a eapacitor across the lamp terminals.
An eleetrieal impulse, which may be derived in
any once 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.

Ty
1530-A Microflash®. . .. ...........
1530-P1 Replacement Flash Lamp. . .

PATENT NOTICE. Sece Note 6, page vi.

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

FEATURES: The outstanding feature of the
Mieroflash 1s its high-intensity, very short
flash. During the flash, an object moving at
1000 feet per second would be displaced only
about two hundredths of an inch. Conse-
quently, sharp records ean be obtained of
bullets and other projectiles in flight.

SPECIFICATIONS
Duration of Flash: Approximately 2 microseconds,
Guide Number: The so-called guide number (Distance
in feet x aperture) for the Microflash is about 20 with
fast film, and with the subject severul feet from the lamp.
Temperature and Humidity Effects: Temperature
and humidity variations (32 to 100° 1Y, 0 te 959, 1LEL)
have no appreciable effect upon the operation of the
instrument,
Power Supply: 103 to 125 (or 210 to 250) voltg, 50 to
G0 eyeles,
Power Input: 70 watts,

Tubes:
1 —3U4-G 1 —FG-17 (GE)
1 2V3-G 1 —GACT (1852)

1 — Tyre 1530-P1 (General Rudio)
Accessories Supplied: Microphone with eable, tripod,
all tubes, 2 spare flash Lbunps Tyee 1530-11, plug for
connection 1o :-nrn:u-iur-ljigr j:!.i.'Iri‘ power l':li}l('. :ITItf spare
fuses.

Mounting: The power supply and trigger cireuits are
assembled in one metal ease, the lamp in another, The
two cases lock together for transporiation, completely
protecting the }:|'n|'a and eontrols,

Dimensions: 24'¢ x 134 x 113{ inches, over-all; lens
dinmeter, S1; inches,

Net Weight: 72 pounds,

Code Waord _;"a'a'{'i'
........ TAFFY $640.00
. TONIC 22.00
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TYPE 1534-A

USES: The General Radio Polariscope is in-
tended for the study of static and dyvnamic
stresses in transparent. photoelastic models
of struetural members by means ol 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 dynamie as well as static
observations, [t is suitable for the study of
both isochnie and isochromatic patterns.

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

DESCRIPTION: ‘The view of IFigure I shows
the elements of the Type 1531-A Polariscope.
The incandescent lamp unit shown is used for
adjustment and focussing and is supplied with
the polariscope. For photographing the stress
patterns, this lamp s replaced by a Strobo-
lume (sec price list page 8), which emits a
brilliant flash of approximately daylight qual-
ity, lasting not more than 10 microseconds
(10 millionths of a second), so that dynamic
patterns can be arrested for photographing.
The Polariscope with the Strobolume lamp is
shown in Fignure 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 monochromatic light.

The polarizer and analvzer assemblies are
identical, each mounting a plane polarizer
with a degree seale calibrated from zero to
both plus and minus 90° for isoclinie (loci of
equi-directional stresses) determination. A
quarter-wave retardation plate, removable
without tools, rotatable, and registering for
right- or left-hand eircular polarization, per-
mits isochromatie (loci of equal net intensity
stresses) patterns to be observed. Optical field
is 8 inches in dinmeter,

Al elements are horizontally  adjustable
along the 36-inch shafts and vertically adjust-
able over about 12 inches. Vee and flat ways
insure optical alignment. Thumbserews hold
desired 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 accurately ealibrated
straining  {rame. Such equipment ean 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.

Frouvee 1. View of complete Polariscope with ineandescent light souree and camera.

ANALYZER

CAMERA

FILTER
IR

CAMERA
BRIDGE

STRAINING
BRIDGE ]
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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.

» Can be used in drafting room as easily as in
laboratory.

> Convenient and simple to use.

> Large, 8-inch optical field.

> Uses conventional eamera equipment; 4.5
aperture with slow film is adequate.

> Dynamic stresses can be studied.

> Brings photoelastic measurements within
reach of the laboratory with a modest budget
and limited space.

SPECIFICATIONS

Components Supplied:

Tyre 1534-1P1 Polarizer
Tyre 1584-11 Analyvaer
Tyer 1531-12 Diffuser
Typr 1534-13 Streain Bridge
Tyer 1534-104 Camern Bridge

Tyre 15534-15 Filter

Tyre 1544120 Inenndeseent Light Source
Tyre 1534-P7 Shufts (306 inches long)
Optical Field: S-inch dinmetor.
Vertical Adjustment: 12 in
Accessories Required :'I'ypr 1532
with ground glass and lens of f 4.5 or faster, (Camera
Bridge has eaptive 2420 thumbscrew to fit tripod socket
on eamern,

Other Accessories Recommended: Wratten No. 75
front=of-lens filter. This permits eamera shutter to he
opencd for short periods in artificial light without danger
of fogging.

Film: Process film is recommended for optimum results.
Model Material: Water-white Catalin is recommended.
Models contour-ent fromm sheets

B b e et et ek et

-B Strobolume, eamera

st between plate-
surfnces require no further finishing,.

Tupe

Dimensions: 36 x 1413 x 18 inches, over-all.
Net Weight: 32 pounds,

Light- and dark-field photographs of specimen, illustrating
fringe patterns shown under eircular polarization.

1534-A

e s own

| Polariscope........

STROBOLUME

The Tyre 1532-B Strobolume is described on page -+

’}"Ir,r e

1532-B
PATENT NOTICE,.

See Note 3, page vi,

Strobolume . . . ............

Code Waord Price
TR TR FOCUS | $490.00
f"nrr‘r-_ Ward Price

TITLE |  $265.00

Frovee 2. View of Polarizeope with Strobolume flash souree,

STROBOLUME
= LAMP

STROBOLUME
POWER UNIT
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SOUND AND VIBRATION

TYPE 1551-A SOUND-LEVEL METER

USES: The Tyrr 15531-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 of commerce and industry. Manu-
facturers of machines and appliances use it for
measuring product noise both in the develop-
ment laboratory and in production. IFor 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 investignting the acoustical properties of
buildings, structures, and materials,

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

Accessory equipment, such as frequeney
analyzers, graphie-level recorders, and mag-
netie-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 laboratory standard microphones,
and. with a high-fidelity microphone. for
measurements on high-fidelity sound systems.

Although the low-cost erystal microphone
supplied with the Tyre 1551-A Sound-Level
AMeter is satisfactory for the majority of appli-
cations, specinl microphones can be used to
full advantage. Among these are the Tyre
1551-P1 Condenser Microphone System for
high-fidelity work, the Western FEleetric
610-AA where a reproducible standard is de-
sired, and the Tyer 759-1P25 Dynamie Miero-
phone Assembly for use with a long cable or
where extreme temperature variations are met.

DESCRIPTION: The Tyre 1551-A Sound-Level
Meter is an accurate, 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 calibrated attenuator, and an
indicating meter.

The complete instrument, including batter-
1es, 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



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 easily port-
able — weighs only 11 pounds with batteries.
> Simple to operate.

> Meets all standards of the American Stand-
ards Association, the American Institute of
Flectrical Engineers, and the Acoustical
Society of Ameriea.

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

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

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

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

> Internal calibration system for standard-
1zing amplifier gain.

SPECIFICATIONS

Sound-Level Range: I'rom 24 db 1o 110 db above the
standard sound pressure reference level of 0.0002 micro-
har (a pressure of 0.0002 dyne per square centimeter) at
1000 eyeles,

Frequency Characteristics: Any one of 4 response
characteristies ean be seleeted by means of a panel switeh.
The first and second of these are, respeetively, the 40 and
70 db equal-loudness contours in accordance with the
euwrrent standard speeified by the American Standards
Asgsociation. The third frequency response characteristie
gives a substantially egual response to all frequencies
within the range of the instrument and its microphone.
This characteristic is used when measuring extremelyv
high sound levels, when measuring sound pressures, or
when using the instrument with the Tyre 760-B Sound
Analyzer, the Tyre 736-A Wave Analyzer, or the Tyre
1550-A Oectave-Band Noise Analvzer. The fourth fre-
quency response  characteristie provides an  amplifier
whieh has essentially flat response from 20 eveles o 20
kiloeyeles, so that full use can be made of extremely wide
range microphones such as the W.E. 640-AA or the Tyee
1551-1"1 Condenser Microphone System.

Microphone: The microphone is of the Rochelle-salt,
erystal-diaphragm type with an essentially non-diree-
tional response characteristic. Condenser and dyvnamie
microphones are available as aceessories,

Sound-Level Indication: The sound level is indicated
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.dh in 10 db steps,

Qutput Terminals: A jack iz provided, which supplies
an output of 1 volt aeross 20,000 ohms when the panel
meter reads full seale. This output is suitable for use with
the Tyre 760-B Sound Analvzer, the Tyre T36-A Wave
Analyzer, the Tyre 1550-A Octave-Band Noise Analvzer,
a graphic level recorder, or a magnetie tape recorder.

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

The absolute level of all microphones is checked at
several frequencies against a standard mierophone, whose
calibration iz periodically  checked by the National
Burean of Standards.

Type
1551-A Sound-Level Metfer...... ...
Set of Replacement Batteries
1262-A Power Supply ...........

PATENT NOTICE. Sce Note 1, page vi

Tyre 1552-A Sound-Level Calibrator (page 15) is
available for making periodic checks on the over-all
calibration, ineluding mierophone.

Accuracy: The frequeney response curves A, B, and C
of the Tyre 1551-A Sound-Level Meter fall within the
tolerances specified by the eurrent ARA standards, When
the amplifier sensitivity is standardized, the absolute
accuracy of sound-level measurements iz within =41
dercibel for average machinery noises in accordance 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 11%-volt size-1D flashlight cells (lveready
950 or equivalent) ; one Eveready 467 I3 battery or equiva-
lent, Bartteries are supplicd. The Tyrr 1262-A A-C
Power Supply is availalle if a-c operation is desired. (See
price table below.)

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

Other Accessories Available: See pages 12 to 15
Cabinet: Shielded aluminum and plastie eabinet that
alzo serves as a carrving case.

Dimensions: The over-all dimensions are approximately
(height) 634 x (length) 10135 x (width) 874 inehes
Net Weight: 11 pounds, with batteries,

TYPE 1262-A POWER SUPPLY

The sound-level meter is supplied with batteries. For a-c

operation the Tyre 1262-A Power Supply attaches to the

sound-level meter cabinet, as shown above. Input is 10510

125 volts, 50 to G0 eveles, 2 watts, For complete speeifi-
eiations see page 121,

(‘ade ”"ON[ Pr'a'{,'r B
A MIMIC $360.00
........ MIMICADBAT 2.75
MANLY 75.00
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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
accuracy of the Tyee 1551-A Sound-Level
Meter. The Tyri 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 can be used
for checking the level of reproduced sound
from theatre systems, public-address systems,
and other sound systems; and, on high-
fidelity sound systems, for determining the
response characteristics through the cross-
over point and for measuring the dynamic
range. It is also useful for checking levels at
rehearsals and in speech and singing clusses;
for determining an acoustic reference level
when recording; for preliminary field surveys
by sales engineers for acoustical materials;
for acoustic experiments in physies classes; for
measuring the sine-wave response character-
isties of loudspeakers and rooms; for prelimi-
nary survevs to determine noise levels in
homes, offices, factories, and other buildings,
in streets and subways, and in vehicles; for
determining levels from appliances, machin-
ery, and office equipment; and for preliminary
checks of noise levels for estimating the possi-
ble long-time effect 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 its accessory instruments are
recommended.

DESCRIPTION: The Tyrr 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 micro-
phone, a calibrated attenuator, an amplifier,

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

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

FEATURES: > Smull 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 be read 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 ubar.

Frequency Characteristic: Three different frequency
characteristics can be selected hy the main control switeh.
In the €7 and € 430 db welghting positions substantially
equal respon=e to all frequencies between 40 and S000
¢p= is obtained. This characteristie is ordinarily used for
all levels above 85 db.

The f# weighting position is used for levels between 55
and 85 db. Its response follows the 70-db eontour estab-
lished as the standard of weighting for sound-level meters,
The A weighting position i1s usually used for levels be-
tween 40 and 55 db. Its response follows approximately the
40-db contour established for sound-level meter weight-

ing. In addition to providing means for making the usual
weighted level measurement, these characteristics permit
one to estimate, by comparative measurements with dif-
ferent weighting characteristies, the relative hmportanee of
low-frequency components in the =ound being measured.
Microphone: The crystal diaphragim-type microphone
cartridge is mounted at the top of the instrument.
Proximity of microphone to tube grid reduees the tom-
perature coeflicient, 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 db the main control switeh is set
to '’ 430 db."” Then the noise level is given hy the sum
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of the readings of the attenuator and the meter plus 30 dh.
The ballistie characteristics 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
affected l'_\' femperature and |:11'.uir|i1} over the ranges
smally encountered. The maximum
safe operating temperature is 1157 I". Temperatures ahove
130° I will permanently damage the Rochelle-zalt erystal
in the Illin‘J'{';}h-‘Jllc‘ --:'.r'!ri‘i-,_:r-.

of room conditions n

Accuracy: The gain of the amplifier is set initially so
that the sensitivity of the instrument is correct at 1000
eps within #=1 db. The 2 and € frequeney charasteristies
are essentially within the toleranees allowed by the
American Standards Association specification on Sound-

Type

Level Meters, The A frequeney characteristie is simil
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 mneter, for almost all types of sounds, agrees with that
of & meter meeting the ASA speciflication on sound-level
moeters to within the toleranees allowed 1:}‘ the :-1111!{1:!1'([
but inereased by 1 db.

Batteries: One 1l5-volt size-C  flashlight battery
(Evercady 935 or equivalent) and one 30-volt hearing-aid
battery (Fveready 413E 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 1£-20 threaded mount for tripod. Leather carry-
ing ease is available, sce price list below,

Dimensions: 6 x 31¢ x 215 inches, over-all,

Net Weight: 1 pound, 14 ounces, with batteries,

Cade Ward Price

155“5-A So;d-SUNey Meter. . .....
Set of Replacement Batteries . .,
| Case........

1555-P1

PATENT NOTICE., Sec 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 aceessories are available 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. Many
ol these accessories can also be used with the
older T'yre 759-B Sound-Level Meter,

VIBRATION PICKUP AND CONTROL BOX

into the sound-
level meter in place of the microphone, as shown in the

The vibration pic’«l!l:r.‘l::-l contral hox ;-!l H

photograph above.

The Tyrew 759-1P35 Pickup and Tyri 759-P36 Con-
trol Box have been designed for use with General
tudio Sound-Level Moeters,

The Tyre 750-P35 Vibration Pickup is an inertia-
operated ervstal deviee which generates @ voltage
proportional to the aceeleration of the vibrating body.,
By means of integrating networks in the control box,
voltages proportional to velocity und displacement
ean also be delivered to the sound-level meter, The de-
gired response is seleeted by means of a three-point
switeh on the control box.

The low-frequeney response of the sound-level
meter i= sufficiently good to permit vibration measure-
ments at frequencies down to 20 eyveles. Such measure-
ments include the fundamental and harmonie fre-
queney vibrations of machines rotating at 1200 rpm
or higher, as well as many structural resonances,

SPECIFICATIONS

Calibration: The db readings of the sound-level meter
can be eonverted into absolute values of displacement,
veloeity, or aceelerntion by means of ealibration data,
Range: The range of measuremont of the pickup and
control box when used with the Tyre 15331-A or the Tyre
730-18 Soumd-Level Meter is approximately as follows:
R=m=2 Displacement — 30 micro-inches (minimum).

Ra=tn=s Velocity 1000 micro-inches per second (mini-

Over-all lrequency responze eharnetoeristic of the vibration

prekup. control box, and sound-level meter for con-

stunt applied acceleration, velocity and displacement,
respectively.

12 GENERAL RADIO COMPANY



mum). The upper limit of veloeity and displacement

measurements s i.h'pi_-:lrlvnr on the I-."-'qur':u'_\' and is

determined by the maximum aceeleration permissible

before non rity oceurs (10 g),

R-th-3 Aceeleration 0.3 to 3900 in,/see ‘see (10 g).
Frequency Characteristic: Sce plot. For frequencies
below 20 eveles the Tyer T61-A Vibration Meter should
EJ(_' L:.\:l'{[.

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

SOUND AND VIBRATION

Net Weight: Tyre 759-P33 Vibration Pickup, 8§ ounces
(pickup only): pickup plus 7-foot eable and tips, 1 pound;
Typee 759-136 Control Box, 1 pound, 13 ounces.

Price

$40.00
50.00

Type

759-P35 | Vibration Pickup
759-P36 | Control Box .....

Code Ward

NOSEY
NANNY

DYNAMIC MICROPHONE ASSEMBLY

F'or some mensurements, particularly where a inng
cable must be used between microphone and meter, or
where large ranges of tempernture and humidity
are encountered, a dynamic microphone is preferable.
The Tyrr 759-P25 Dynamie Microphone Assembly
includes, in addition to the mierophone, a 25-foot
cable, an input transformer, and a tripod, The trans-
former plugs into the Sound-Level Meter in place of
the standard microphone, and the mierophone eable
plugs into the transformer,

SPECIFICATIONS

Frequency Response: When the sound-level meter and
dynamic microphone are adjusted to the correct level,
the combination will meet the ASA specifieations above
40 eveles. The procedure for making this adjustment is
deseribed in the instruction book. Typical
curves are shown below,

Sensitivity: Open-cireuit output of typical microphone
ix 90 db below one volt per microbar, and of microphone

response

plus transformer is 60 db below one volt per mierobar.
This sensitivity is satisfactory for use with both the Tyre
1351-A and the Tyvee 759-B Sound-Level Moters,
Direct Use with Analyzers: This microphone assembly
is suitable for supplyving a signal direetly to the Types
15350-A Oetave-Band Noise Analvzer and the Tyre 760-1B
Sound Analyzer provided the level of the measured com-
ponents is above 70 db (re 0.0002 gbar). (A Typre 1552-A
Sound-Level Calibrator is then necessarv to obtain
ab=olute level.)

Calibration: Output level is checked in our laboratories
at several frequencies against a standard microphone that
is calibrated periodically by the National Bureau of
Standards. The level at 100 eyeles is supplied.

db re | VOLT PER MICROBAR

FREQUENCY IN CYCLES PER SECOND

Tuype

759-P25
759-P22

Extra 100-foot cable. .

Dynamic Microphone Assembly. .. ...

Maximum Safe Sound Pressure Level: Sound pres-
sure levels above 140 db ean damage the microphone.
Cable Correction: No correction is necessary for the
25-foot cable supplied or the Typr 759-1'22 100-foot
cable,

Net Weight: 43¢ pounds.

(B) Microphone and transformer plug into the sound-
level meter as shown above,

Typical response curves of
Tyer 1551-A Sound-lLevel

Meter with Tyei 759-P25
Dynamie Mierophone As-

AT RANDOM (20ke)

SOUND ARRIVING
AT RANDOM
___ (C WEIGHTING)

.-|-|=|I|i_\'.

Bt
SOUND ARRIVING

Code Word

NABOR
NASAL

Price

$150.00
30.00

TRIPOD AND EXTENSION CABLE

For measurements where the microphone must be
located at o distance from the meter, the Ty 759-P25
Dynamic Microphone is recommended (see above),
However, a 25-Toot extension cable and tripod for

Ty

759-P21 | Tripod and Extension Cable

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

Coedee Waord Price

$18.50

KIMBO |

GENERAL RADIO COMPANY 13



SOUND AND VIBRATION

TYPE 1551-P1 CONDENSER MICROPHONE SYSTEM

nd sound-
assembly

View of the condenser microphone syvstem
level meter, showing how power-supply
attaches to sound-level meter cabinet. Inset shows

microphone, premmuplifier and base, disassembled,

SPECIFIC

Frequency Response: Useful range of the Tyrr 15351-A
Sound-Level Meter with Tyer 1551-1'1 Condenser Micro-
phone System is 20 eveles to 15 kiloeyeles. Typical fre-
queney response curves are shown bhelow,

Calibration: The output level of the microphone system
is measured at several frequencies against a standard
I'Hil'ftlllillllll' that ]'- l'::]l]'r':ltt'tf !u'lilr-ilr‘n[l\ by the National
Bureaun of Standards. The measured level at 400 eveles is
supplied. A Calibration Adaptor is provided for use with
the Tyre 1552-A Sound-Level Calibrator,

Direct Use with Analyzers: This microphone assembly
itable for supplying a signal direetly to the Tyreg
1550-A Octave-Band Noize Analvzer and the T'yvre T60-B
Sound Analyzer provided the level of the rkll't--111{’l1 COm-
ponents is above 70 db (re 0.0002 gbar). (A Tyee -A
Sound-Level Calibrator is then neecessary to obtain
nhsolute iﬁ\'.-].]

Maximum Sound-Pressure Level: At levels above
140 db the output of the microphone becomes non-linear,
For levels up to 150 db the Altec Type 21-BR-200 ean
be used in place of the one supplied. (The T'yre 21-BR-200
is not furnished as part of the Tyre 1551-11.)

Cable Correction: No correction is necessary for the
10-foot eable supplied.

Internal Noise Level: Under normal conditions the
noize level of the Tyre 1551-P1 Condenser Microphone
Systom is low enongh to permit satisfaetory measure-
ments of sound-pressure levels as low as 50 db (re 0.0002
uhar).

1%

ly;ur
1551-P1

(Note: The Typrr
Tyez 759.

db re | VOLT PER MICROBAR

Condense?Micéophon_e System.......|

2 1551-P1 ean be used with the older T'yrr 759 Sound Level Meters within the frequency limits of the

0*(PERPENDICULAR
INCIDENCE]
==

l 90°(PARALLEL |/
m NCIDENCE)

3000
FREQUEHCr IN CTCLES PER SECOND

Tur Tyee 1551-P1 Condenser Microphone
Svstem is designed for use with the Tyre
1551-A Sound-Level Meter. When the sound
to be measured covers a wide frequencey range
or has much energy above 5 ke, the Condenser
Mierophone System is a better pickup for the
Sound-Level Meter than ecither crvstal or
dynamie microphones, For high sound levels
the Condenser Microphone System can be
connected direetly to an analyzer,

The condenser microphone (Altee 21-
TyreE) mounts on a small evlindrical base,
which houses a subminature pre-amplifier
tube, A }_I:I-ll('l'l\' r}I:t‘t':lIwi power .-<IJ|1|1!_\'. which
can be fastened to the end frame of the Sound-
Level Meter, provides filament and plate
power for the pre-amplifier and polarizing
voltage for the microphone. A 10-fool exten-
sion cable, a tripod, a calibration adaptor,
and a leather carrying case are supplied.
ATIONS
Oli‘tpl.l't Terminals: A short “l'Xi]ill" output eable on the
power unit plugs into the microphone socket of the T'yre
1551-A Bound-Level Meter in |r|.'u'n' of the standard
ervatal mierophone, In addition, a jack located on the
sidde of the power _\II[J||]\ provides a direct connection to
the Type 760-B Sound Analyzer or the Tyre 1550-A
Oectave-Band Noise Analyzer.

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

Tubes: One Raytheon T'ver CK-512-AX is supplied in
the Tyrer 1551-171-25 Microphone Base,

Mounting: Microphone on microphone base plugs into
one end of 10-foot cable, which has fitting to mount on
the tripod. Other end of 10-foot eable connects 1o power
supply unit which fastens to the end frame of the Sound-
Level Meter.

Dimensions: Microphone — (diameter) % x (length)
215 ¢ inches; Microphone Base — (diameter) 35 x (length)
3 inches: Power Supply (height) 7 x (length) 34 x
(width) 714 inches.

Leather carrying case with compartment for micro-
phone and microphone base, power supply, 10-foot eable,
:llui l':!]j}’l'iltii_lll :lriugurm' hias l'\'t‘['--'l” r-l:l=i||i- -ijnrl-n-inn;-_:
of approxi (height) 7 x (length} 514 x (width)
a4 inches.

Net Weight: Altee Microphone, less than I: 0.

Microphone and Base, 1.2 oz

Power Supply, 3 1bs, 11 oz,

Complete System in Carrying Case, 7 [bs, 0 oz,

{:‘ifl‘l( Illr’l.r'r[ !’rf.l"l
|
l NONAL

H z'L\

$225.00

Tyvpieal response ehar-
acteristies for the Tyry
1451-A Sound-Level
Meter and the Tyee
1351-P1 Condenser Mi-
crophone System.
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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 acoustic check of
the Sound-Level Meter calibration, including
the microphone. It ¢an be used to calibrate
the Tyer 1551-A, Tyere 759-B, and Typg
759-A Sound-Level Meters; the Tyrr 1551-1
Condenser Microphone System; as well as

SPECIFIC

Input: 2.0 volts, 400 eveles: total harmonies must not
exceed 59,

Qutput: When in position on the 9398-tyvpe microphone
used on Tyres 1551-A and 759-B Sound-Level Meters,
the ealibrator produces a sound pressure of 85 -1 db
(above a reference level of 0.0002 microbar) at the micro-
phone diaphragm for rated input as speecified ahove.

Terminals: Input terminals are Tyre 935-W Binding
Posts,

Accessories Required: 400-cwcle _curee, with output
control and voltmeter, The Tyrr I5CT-A Transistor

other instruments that use the 9898-type, the
BR2S-type or the Tyee 759-P25 (633A)
microphones,

In conjunction with the internal ealibration
check on eleetrical circuits that is provided
in the sound-Level Meter the Sound-Level
Calibrator makes it possible to detect and o
evaluate any long-period change in over-all
sensitivity and to locate it either in the micro-
phone or the electrical eircuits. Such a check
15 invaluable where a series of measurements
are to 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 Tyer 1555-A Sound-
Survey Meter, which has a built-in miero-
phone, and to ecalibrate the Typr 1530-A
Octave-Band Noise Analvzer or the Typr
760-B Sound Analyzer when it is used di-
reetly with dynamie microphone input or
directly with the Tyer 1551-P1 Condenser
Microphone System. It can also be used to
supply an acoustic reference level for magnetie
tape recorders, graphic level recorders, and
oscillographs provided the signal for these
instruments is supplied by one of the miero-
phones mentioned above.

DESCRIPTION: "T'he calibrator consists of a
small, stabilized, and rugeged loudspeaker,
mounted in an enclosure which fits 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 (sce specifications below).

ATIONS

Oscillator, (o batteryv-operated deviee that ineludes all
these elements) is recommended (see page 153). The
Tyvpe 1214-A Unit Oscillator (a-c operated, see page 164)
is also satisfactory. For use with this oscillator, which
includes an output control, the voltmeter can be a
Weston, Maodel 301, 0-3 vol, reetifier type, a-e voltmeter,
2000 ohms per volt. A vacuum-tube voltimeter, such as
the Tyee 1803-A (page 154) can also be u=ed.

Dimensions: (Length) 414 x (dismeter) 219 inches,
over-all,

MNet Weight: 12 ounces,

Tupe ) _C:_m"':’ Waord Price
1552-A Sound-Level Calibrator. . . .. s NATTY $45.00
1307 -A Transistor Oscillator. ............... OMEGA Price on request

GENERAL RADIO COMPANY 15



SOUND AND VIBRATION

TYPE 1550-A OCTAVE-BAND NOISE ANALYZER

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 Analvzer for those applications where
a knowledge of the ndividual frequeney
components is not required, and, in addition,
1s particularly suited for noise measurements
on aireraft, vehicles, and machinery, for
the analyvsis of office noise, where speech inter-
ference level is the significant factor and for
determination of the possible damaging elfccts
of noise on hearing. Another important ap-
plication is in determining the acoustical
characteristics of rooms. It is paurticularly
valuable in production testing and [or noise-
level acceptance tests,

DESCRIPTION: The analyzer consists of a set
of band-pass filters with selection by means of
a rotary switch, 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 s small compared to the
20.000-0hm analyzer impedance or is constant
over the audio-frequency range.

FEATURES: > Small, compact, lightweight.

> lixcellent attenuation characteristies,

> Monitoring output is  provided.

> Meets AN standards.

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

> Cuan 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 cveles to 10,000 eveles in 8 bands,

20 ¢ to 75 e (low pass) 600 c to 1200 ¢
aein 150 ¢ 1200 ¢ to 2400 ¢
150 ¢ to 300 ¢ 2400 ¢ to 4800 ¢

300 ¢ to GOO e 4800 e to 10,000 (high pass)

In addition, a band with a fat eharaeteristic from 20 ¢
to 10 ke is available at two switeh pl}:-i.lin_m.\ for con-

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

Input Impedance: 20,000 ohms. Input s isolated by a
resistance pud, so that performance is independent of
source if source impedance is constant over audio range
or is stnall compared to 20,000 ohims,
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Source: Round-level meter supplving analyzer input
must have low hum, low internal noise, and low distor-
tion, The Tyee 15351-A or the Tyee 739-83 Sound-Level
Meter 1s recommendedd.
Direct Use with Microphone: The Tyre 1551-P1
Condenser Mivrophone Svstemm or the Tyer 759-125
Dy namic Microphone Assembly can be used if the band
levels execeed 70 db (re 0.0002 ghar). A Tyee 1550-P1
Microphone Adaptor Plug is required with the Tyrr
THU-125 Dy namie Microphone Assembly,
Level Indication: Meter calibrated in decibels from
G o 10 dbs attenuator covers 50 db in 10 db steps.

Level is sum of meter and attenuator readings.

Attenuation: lixeept for the lowest and highest hands,
at least 30-db avtenuation is obtained at one-half the
lowoer llului:l‘_[l l‘ll.r-llfT I'['l‘lllll'llt'_\ :lIJl[ I\\'i{'l‘ Ih:_‘ tpper
nomminal eut-=off Irequeney; at least 30-db attenuation is

bt

dd at one-fourth the lower nominal ent-off fre-
ueney amd at four times the upper nominal  eut-off
frequency, The Ta-cvele low-pass filter has at least 30-db
attenuation at 200 ¢ and 50 dby at 400 exveles. The 4500-
evele high-pass filter has at least 30-db attenuation at
2400 eyeles and 50 db at 1200 eyveles.

Tubes: Three 104 and one 1T4, all furnished,

Power Supply: Battery, Burgess GTAGO. Battery is
included in price. or a-c operation, Tyre 1261-A Power

1

Type

1550-A

1550-P1
1261-A

Octave-Band Noise Analyzer
Replacement Battery for above. . . ...
Microphone Adaptor Plug. ..
Power Supply.............

P MATOR

SOUND AND VIBRATION

AN

FREQUENCY 1M CTCLLS MR MG

Supply (page 121) fits battery eompartment.
Accessories Supplied: Shielded eable and ]_l!l[;_( HES TR E
]ll_\' for connect i!u._‘: :llmf_\'m'}' Lo =ound-level meter.
Dimensions: (Width) 112§ x (height) 12%5 x (depth) 9
inches, over-all.
Net Weight: 27 pounds including battery.
Code Ward Prici

$535.00

5.79

4.00
128.00

ABEAM
ABEANMADRAT

MUY

TYPE 760-B SOUND ANALYZER

BATTLRILE

PO el i -
Sk

USES: This instrument has been designed
particularly for analyzing the noises produced
by electrical and mechanieal equipment, such

as airplane and automobile engines, indus-
trizil machinery, and household appliances. 1t
operates from the output of the Sound-Level
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SOUND AND VIBRATION

Meter and measures the amplitude of each
individual frequeney component. or pitch, 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 indieator.

DESCRIPTION: The civeuit is that of a three-
stage degenerative seleetive amplifier having
a bandwidth that is a constant percentage of
the operating irequency, followed by a volt-
meter. The frequency to which the amplifier

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

FEATURES: » Iixternal magnetice fields do not
affect 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 can be adapted
for automatic recording.

SPECIFICATIONS

Frequency Range: I'rom 25 to 7500 eveles per second,
direet rending. This total range is covered in five complete
turns of the tuning knob, the ranges on the various dial
rotations being 25 to 75, 73 to 250, 250 to 750, 750 to
2500, and 2500 to 7300 eveles, A push-button switeh
allows immediate change of the main control to any one
of these ranges.

Frequency Calibration Accuracy: +1.57 of the fre-
queney to which the dial is set or = 1.5 eycles per second,

whichever is the larger.

Input Voltage Range: | millivolt to 10 volts for usable
indieations, The meter scale is ealibrated for reading
directly component tones down to 1 ¢ of the sound pres-
sure (or voltage) of the fundamental or loudest compo-
nent, enee the input voltage at the londest component
or fundamental should be 0.1 volt or higher,

Input Impedance: Between 20,000 and 30,000 ohms,
depending upon the setring of the sensitivity control, A
blocking eapacitor is in series with the input,
Frequency Response: I'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 attenuation is 3 db at 19 off the
peak to which the analyzer is tuned,

Direct Use with Microphone: The Tyre 1551-P1
Condenser Mierophone System or the Tyee 759-P25

E,
]
5
5
£

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

760-B

1550-P1
PATENT NOTICE.

Microphone Adaptor Plug

See Note 14, page vio

Sound Analyzer. ... .......
Set of Replacement Batteries for above. ... ...

........ | MATOR |

Dyvnamic Microphone Assembly can be used if the
component levels exceed 70 db (re 0.0002 ghar). A Tyes
1550-1’1 Microphone Adaptor Plug is required with the
dynumie microphone.

Temperature and Humidity Effects: Under very

severe conditions of temperature und  huroidity slight
shifts in calibration, sensitivity, and bandwidth ma;
oeeur.

Meter: The indicating meter is ealibrated in two ranges.

hrated with
the 0 loeated 2 db below full seale on the meter, so that
actunl meter seales are +2 o =30 db and 12 to —40
db. Auxiliary pereentage ranges of 0 to 1207, and 0 to
'.’|‘.E' are ]nrlj\':i'fw{.

Output: A jack is provided on the panel for plugging in
a pair of head telephones, in order to listen to the aetual
component of the sound to which the instrument is tuned.
This is also useful when the analyvzer is used as a bridge-
1':II.‘|TI(‘I‘ itlt“l'uh)r.

Tubes: Three 1L4-tyvpe and one 1U4-tyvpe are used, to-
gether with a neon pilot light (NE-45), All are supplied.
Batteries: The batteries required are four DBurgess
No. 2FBP 1.5-volt batteries, or the equivalent, and tl
Burgess No. Z30NX 45-volt batteries, or the equivalent.
A battery compartment is pt'u\",-l"-l in the ecase of the
analvzer. Batteries are supplied with instrument.
Accessories Supplied: A shielded eablesand-plug assem-
bly for connecting the analyzer to the sound-level meter.
Case: Shielded carrving ease of airplane-luggage con-
struction,

Dimensions: (Length) 18 x (width)
inches, over-all.

Net Weight:

For convenience in use the meter s

e 18«

ee

10 x (height) 1144

3614 pounds, with batteries,

A heterodyne type of analyzer, Tyre
736-A, with constant bandwidth in
eyeles, is deseribed on page 170.

f 'r)-f;_ Waord o Pric
$520.00

12.02
4.00

ATTAR
ATTARADBAT

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-
eral Radio Engincering Staff and Dr. Leo L.
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Beranek, Director of the Acoustic Laboratory
at Massachusetts Institute of Technology.

Copies 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 ecasily with this
mstrument. For the manufacturer of machin-
ery and equipment, the Tyrr 761-A Vibration
Meter 1s extremely useful in research, design,
and production testing, Maintenance engi-
neers will find it usetul for checking the oper-
ating condition of bearings, gear {rains, and
other mechanisms. Excessive vibrations due
to improper adjustment or to structural
resonances ean be located and measured.

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

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

DESCRIPTION: The Tvyri 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 crystal type,

which delivers a voltage proportional to the
acceleration 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 basie units in which the instrument is
calibrated are inches and scconds, and cali-
brations are in root-mean-square values.

FEATURES: » Portable and self-contained.

> Simple to operate.

> Direct reading.

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

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

> Independent output system for panel meter
and output terminals,

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

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

RANGES: The vibration meter is direct-reading in the unitz shown in the range table below,

Vitiration

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 second per second to 3900 inches per second per zecond, rms,

RESPONSE CHARACTERISTICS: The response follows theoretical curves of the gquantity mensured,

vs, [requency within the following tolerances.

Quantity Teeng: Tolerance Freguency Range
Acceleration 0.160 in. sec/see to 3900 in./sce/see 109 4 1o 300 eps Down 259, at 2 eps
Velocity 1600 pin, see to 300 in./sec +109 5 to 500 eps Down 40 2 eps
Veloeity Below 1600 pin./see +15% 20 to 500 eps Down 259, at 10 eps
Displacement 160 gin. to 30 in. 104 10 to 500 eps Down 509 at 2 eps
Displacement Below 160 uin, -15% 20 to 300 eps Down 255, at 10 eps

Above 500 cps the error inereases and may reach =30% at 1000 ¢y

e

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

Meter: Seale reads directly in the quantity being meas-
ured — root-mean-square micro-inches for displacement,

root-mean-square micro-inches per second for veloeity,
and root-mean-square inches per second per sccond for
aceeleration.

Attenuators: A 10-step attenuantor changes the meter
seale ealibration over a range of 30,000 to 1, Additional
multipliers indieate the eorreet units of measurement and
multiplyving factors for ench response characteristic,
Calibration: Connection to any a-¢ power line miakes it
possible to check the over-all ealibration exeluding
pickup.

Terminals: A jack is provided on the panel for phiggeing

Measurement of automobile-engine vibration with the
Tyre 761-A Vibration Meter.

761-P1 Replacement Pickup. ...

Replacement Battery for above . . ....................|

| Vibration Meter,.‘”..............‘

. This is enused by the differences in response of individual pickups
LEL IR

in a pair of head telephones in order to listen to the vibra-
tions being measured, for conneeting the Tyree 762-1B
Vibration Analvzer, or for connecting a cathode-ray
oscillograph.

Tubes: One CK333AX, two IN3-GT tubes and one
1D8-GT tube are required. A complete set of tubes is
supplied.

Battery: A =zingle self-contained battery unit, BAAS,
Burgess 6TAGD, which supplies the necessary plate and
'i!:lllll_"”l \'l}iT:l}.’l‘.‘i. l'il"lllill‘lg.
Accessories Supplied:
cheek, spare pilot lamp, and plug for output jack.

Case: Shielded earrying case of airplane-luggnge eon-
struection.

Dimensions: (Height) 12%% inches x (length) 1314
inehes x (width) 91-_2 inches,

Net Weight: 22

without battery,

Power eable for ealibration

pounds with battery: 174 pounds

PONSE

DECIBELS

¥
;
g

FREQUENCY IN CYCLES PER SECOND

Over-all frequency characteristies of the Tyee 761-A
Vibration Meter.

Code Ward FPrice

$490.00

VIRUS
e NOSEY 40.00
VIRUSADBAT | 5.79
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SOUND AND VIBRATION

TYPE 762-B VIBRATION ANALYZER

USES: The Tyrr 762-13 Vibration Analvzer
makes possible the analysis of vibration phe-
nomena having fundamental frequencies as
low as 2.5 eyveles 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-frequeney volt-
ages in the laboratory.

Its range includes practieally all frequencies
normally encountered in vibration studies,
from the fundamental vibrations of ships and
other large 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
Tyrr 760-1B Sound Analyzer (page 17) except
that the frequenecy has been lowered by a
factor of 10, the output meter has a single
logarithmie 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 to 25 eyveles
per second) and in making analyses involving
components that vary slightly about a mean
frequency.

SPECIFICATIONS

Frequency Range: 2
ranges as follows: 2.5 to
250 to Ta0.

Band Width: I'or the sharp selectivity position, the rela-
tive attenuation is approximately 3005 (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 3004 for a frequency difference of 39, At
one oetave from the peak, the relative attenuations are
at least 9895 (35 db) and 909, (20 db), respeetively.
Frequency Calibration: Sharp selectivity network,
21159, or =115 exveles, whichever is the larger, over the
three highest ranges (25 to 730 cycles); on the two lower

o 750 eyeles, covered in five
to 25, 25 to 75, 75 to 230,

ranges (2.5 to 25 eveles), the acceuracy is +5% or 4=0.2
evele, whichever is the larger. The frequency as deter-
mined 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 selee-
tivity network is flat within 42 db over the entire range,
At points where two ranges overlap, the sensitivity is
the same on ecither range within =1 db. The sensitivity
of the bread seleetivity network is the same as that of
the sharp selectivity network within =2 dbh.

Net Weight: 31414 pounds, with batteries; 2714 pounds,
without batteries.

For other specifications see Tyer 760-13, page 18,

Type

Cﬂdu W ord Price

762-B

PATENT NOTICE, Sce Note 14, page vi.

| Vibration Analyzer. ............... " AWARD

$565.00
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VARIAC® AUTOTRANSFORMERS

The VARTIAC® autotransformer gives
smooth, continuous manual control of a-c
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 quantities.

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.

> [llumination control in auditoriums, thea-

tres, photographic 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 circuits, they can be used on cireuits

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 autotranstormer supplyving an output

TERMINAL PLATE

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

CIRCUIT

Cireuit diagram printed on
terminal plate assists in mak-
g proper connections,

TERMINALS
Terminals are combination
serew und solder type.

BRUSH

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

22 GENERAL

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
carbon brush contact traverses the winding,
“tapping off” a portion of the total voliage
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
model it is only about 0.3 volt. The voltage
inerements obtained as the dial is turned are
always less than the voltage between turns;
sinee the brush spans more than one turn, the
change in voltage is practically continuous.
The brush characteristies are so chosen that
excessive heating does not oceur in the turns
bridged by the brush.

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

> The VARIAC has the advantages ol 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 lincarly 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
Aluminum struetural  parts
minimize weight.

RADIO COMPANY



DURATRAK

All' Vomodel Variaes have brush fracks
treated by the DuraTrak process, which puts
A :'u;ilinu of silver ;t”u)’ on the brush-track
surface. This s the most important advance in
aulolransformer manufaclure since the original
vartable  aulolransformer was developed by
General Radio in 1933,

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

GENERAL SP

Frequency: Spe
For 25-cvele serviee see page 28,
Rated Current: Can he drawn from the VARIAC at any

dial position. When the overvoltuge connection i= used,

wtions are for S0-to-likevele service,

the i

I should not take more than raled current at maxi-

1 output voltage.

i
Maximum Current ea
voltage when the linesvoltage conneetion is used.
VARIAC will eontrol at any lowe

no more than maximum earrent at line voltage
Output Voltage is the range of voltage available at the
output terminals with rated input voltage,
Terminals (see also Mounting below): Tyee 200-1 is
d

drawn n

the npat

<etting a load drawing

furnished with the
lugs, Tyres V-2,

solde

terminal studs and =oldering

V-10.

V-20 have combined
Tyre 30 models

attaching

hasve s¢ ‘King ter and provision for
armored eable or conduit.

“*Line-Voltage'' and ‘‘Overvoltage’’ Output Con-
nections: LINLE-VOLTAGIE connection refers to the
conuection for output \"J!T:l!_!l’l':!l'l:_(l‘ of zeroto line \'nll:ts:o:
OVER-VOLTAGE com
pud vl
All

etion is the connection for out-

ge range [rom zero 1o 179 above line voltage.,

wdard “—MT" models are shipped with over-

caonnection,

lial, reading

nection, 1s

. One side is used for table

models, exeept the Tyre V-2

I, the other Tor panel mount-
ing, with fixed dinl and rotating pointer,
supplied on special order marked for maximunm voltag

!|1mmli||:‘: with rotating di

Dials ean he

equal to line voltage, i the over-voltage connection is

For ambient temperatures above 50 deg. C. the VARIAC

be derated aecording to this eurve,

3

o
&

0

% NORMAL RATING

€@ 70
(21+] 58
AMBIENT TEMPERATURE

VARIACS

film leads to a cumulafive cvele of more heat,
additional oxidation, and higher resistance,
until, particularly under overloads, complete
deterioration of the brush track ean occur.

Durarrak completely eliminates this de-
terioration. Variacs with Durarrax are as
durable as fixed-ratio autotransformers: that
is, their ratings are determined solely by the
insulation. Variacs with Durarrak  have
longer life, increa<ed overload capacity, and
decreased maintenance.

ECIFICATIONS

The Tyees V-2, 50-A, 50-B, and 200-B are supplied
with reversible dial plutes, one side of which is marked
for the overvoltage connection and one side for maximum
vollage vql}:ll to line voltage.

KVA Rating 13 the maximwm current multiplied
normal r'.-:_J—-.' line voltage. A VARIAC ean |

lanweer set

dle, at

-
i

, o constant-impedance loand that

input voltage a current no greater than the marimum
crrrent.

Temperature Rise: T'he ratings of VARTACS are based
on operation at ordinary room temperatures with an
average temperature rise of not more than 50° Centigrade,
When ambient temperature exceeds 50° Centigrade, kva
ratings should be deereased as shown below.,

No-Load Loss is measured at 60 eveles with rated imput

voltage. Losses are guar:

meed not to exceed the values

given in the specification.
Driving Torque is= the torque required to turn the
VARILIAC shaft.,

Panel Thickness is the maximum thickness of panel on
which the VARIAC can be mounted, with the shaft
norimally supplied.

Mounti!’!g: See |'.J|1HI':|:'.';|;-'||,-; on pages 24 to 28, Tvyer
200-B and Tyre V-2 are supplied without ease, for panel
monn Tyres V-5, V-10, and V-20 can he ordered
he M-tmadels have ecases),

ther w or without case (

rovided on

A terminal box cover, vord, and plug are
the MT-maodels. On special order, they ean also be sup-
;J|:Mi without ease, but with terminal box and line cord,
Dimensions: Owver-all dimensions are
drawings, pages 24 to 28, Complete dimensional sketches

given on the

and drilling templates can be furnished on request.

Net Weight: See tables on page 29,

» current may be |".\§|i‘l'fi‘-i
ar nt lamp load, ete.) and for
ime overloads, the VARIAC rated eurrent may
be exceeded on a time-current basis shown in tl
figure. This curve applies to Duratrak Varines ONLY.

®

1s

% of NORMAL RATING
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VARIACS

TYPE V-2 VARIAC?
WITH DURATRAK

A completely new unit, small,
rugged, and well-designed, in-
tended for back-ol-panel mount-
ing. Ideal for luboratory heaters,
speed controls on small series
motors, voltage control in clec-
tronic equipment and in X-ray,
diagnostic and therapeutie in-
struments.

o b e e

F 205N |1 [
—Jy = ?"Tf"" o ) e
et Q12 TP
_SEE WNSTRUCTIONS | \ /S HOCES
-
|

UNDER “BRLSH

I{ Vg OEEP
4 ——
o R i ‘ W~
T'yre V-2 — 812,50 A 4 DA, SHarT S
/
[ |

e - 5 i _ H R
I'vre V-2 Variac supersedes the Tyre ( AL 1

ety F———

200-B, has twice the power rating for the oy ey -
. : . : 0 REMOVE SHEFT LOOSEN SCREWS
same price, fits the same mounting holes, will I8 RALATOR 200 COLLAR, e |
withstand shock and vibration tests (MII- 15 Aot Tomemd oot 70 \ vt
T-045-\ SCREWS REQUIRE ALLEN P9 ot omume
=045-\). WRENCH 352 ACROSS FLATS ~l
Oulpul Current
Tupe Inpi? Valts Outpt Valts Rated Max. Load Rating
V-2 ' 115 (0-115 1 2a 3a 345 kva
| 0-135 ’ 2a 24

For privi, eode word, and complote spocifieations, sve jrogee 29.

TYPE 200-B VARIACY

The familiar Type 200-B Variac is still behind panel is the governing factor. Shorter
available for those applications where depth than the Tyre V-2 by about 7§ inch, it is
rated at 0.17 KVA.
Culpul Current
',".,”,.- fnpuf Volls l"}rff'm.'f Valts Reatod Mazx. Load Raling

200-8 | 115 ‘ (0-115 La 1.5a 0.17 kva
10-135% 1a la

For price, code word, and cotuplete specifieati

*Overvoltage connection for G0-evele use only, At 50
cyveles, only the line=voltage connection ean be used.

3 HOLES, 120 APART, %10-32 TAR_X/8 DEEP
CLEARANCE MOLE W57 204)DRILL

\ :

Tyrr 200-B— 812

i
&
=]

MAXIMUM PANEL THICKNESS ir4

24 GENERAL RADIO COMPANY



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 electrical and electronic
equipment — now a better value than ever
betore, with the exclusive Durarrak-treated
contact surface. Available in several models
as listed below. All models are easily con-
verted from table to panel mounting.

V-5MT for 115-volt
input £25.00
V-5HMT for 230-valt
input — $27.50

VoM for 115-volt
input R20.50

S".

- - e

V-5HM for 2350-volt é
input — 323,00 i 3
\ - : >
V-5 for 115-volt ., v A ST PES M COVER é
input — $18.50 S T e S |
\'I-.":[[ for '.:':m-\-..lt = PR -8 o PR Pt
input — 321.00
Oulpul Currend
Tupe Input Volls Output Volls Rated Max. Load Rating
v-s | ) |
V-5M 115 [0=115 | i 7.0 0.56 kva
V-5MT | L0135 an Ha
V-5H
V-5HM 230 (230 n 2.6a 0.6 kva
V-SHMT} L0-270 2n 2a
V-5H |
V-5HM - 115 0-270 | 14 1a
V-5HMT/

For prices, code words, and complete specifications, sce page 29,

TYPE V-5 VARIACS WITH SPECIAL-PURPOSE TERMINAL BOXES

Tyrr V-5 VARIACS can be supplied with
special-purpose terminal boxes. The box di-
mensions are 27€ x 324 inches x 2 inches deep.

Tyre V-5MTC with standard ?4-inch holes
for BX or conduit. The removable cover
allows connections to be made without dis-
assembly of the VARIAC or the box.

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

Tyee V-3MTC

T_"UH f_'un't ll'nr(? fjr(.(’u
V-5MTC COAST $24.00
V-5MTF CANAL 36.00 Tyre V-5MTE
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VARIACS

TYPE V-10 VA

RIAC®

WITH DURATRAK

v
S R——" .

e g e —

TS e covt

Type

f:rpu! |

v-10
V-10M ) 115
V-10MT |
V-10H

V-10HM |
V-10HMT|

V-10H
V-10HM }
V-10HMT

230

115

For prices, code words, and complete

T ICTWAS M AT TP
T2SE NG PEAWEL CINTH 3
o REND s P K D AR

"olls

Outpul Volis

0-115
10-135

0-230
10-270

0-270

specifications, see page 29,

The rating of the Tyre V-10 series of
Variaes (10 amperes rated current and 13
amperes, maximum, for |15-volt service)
approaches the capacity of commonly
used outlets, cords, plugs, and No. 14
wire circuits. Available in several models,
the Tyrr V-10 has all the features of the
Tyre V-5, including the new DuraTrAK
construction.

The Typr 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

V-10HMT for 230-volt
input — $41.00

V-10M
input
V-10HM for 230-volt

115-volt
215.50

for

input — 836.50

V=10 for 115-volt

input — £33.00
V-10H for 230-volt
input 834,00
Outpul Current
Rated Maz. Load Rating
104 13a 1.5 kva
1a 10a
4 5.2a 1.2 kva
4a 4a
2a 2a

TYPE V-10 VARIACS WITH SPECIAL-PURPOSE TERMINAL BOXES

Tyre V-10MTL

26

Type V-10MTC

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.

Typr V-10MTC with standard 34-inch
holes for BX or conduit. The removable cover
allows connections to be made without dis-
assembly of the VARIAC or the box.

Typr V-10MTE 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 Priee
V-10MTC HERON $39.00
V-10MTF CANDY 51.00

GENERAL RADIO COMPANY



Tyrr V20-M for 115-volt

input — £55.00
Tyer V

input — $55.00

Tyer V=20 for 115-volt
input — 349,00
Tyrr V-20H for 230-volt
input — $49,00

Ty Tnput ‘.’a}f!'_.s f{u!prd f'ﬂ.’f‘\‘
V-20 1 [ e 0-115
V-20M | -’ 10-135
V-20H | | 230 :!ﬂ—:_}.'jll
V-20HM | | 0-270
V-20H - P
V-20HM | 2 sy

For prices, code words. and complete specifications see page 29,

-20-IIM for 230-volt

VARIACS

TYPE V-20 VARIAC®
WITH DURATRAK

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

Output Current

Rated Mar. Load Rating
20n | 2z 3 kva
20a 204

sn 10,40 2.5 kva
o 5a |
4a 4a l

TYPE 71- A VARlAc® TRANSFORMER

The Type 71-A Variac Transformer is a
step-down transformer with secondary volt-
age adjustable by a sliding brush. Case is

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 direct connection with
the input power line, and is adjustable from
zero to 13 volts at 5 amperes.
Input: 115 volts, 60 eycles.
Output Current: 5 amps maximum.
Qutput Voltage: 0-16 volts open cireuit,

0-13 volts at 5 amps.

No Load Loss: Less the |n 1 witts,
Dimensions: (Length) 514 x (width) 325 x (height) 314
inches, over-all.
Net Weight: 4 pounds.

'."_i;,r?r_' Q}rlf‘ Ward

71-A c

Price

| Vurlac
| Transformer | poPPY l $22.00
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VARIACS

TYPE 50 VARIAC®

Tyre 50-A for 115-volt
mput =140,00

Tyrr 50-B for 230-volt

input S140.00
Tupe Inuput Valts
50-A 115
50-B ‘ 230
50-B 115

PATENT NOTICE, Sec Note 19, pagee vi.

SHAFT CLEARANCE HOLE

Output Volls

-115
=135

=230
10270

0-230 ‘

124" DIA.DRILL

Ot put Current-Amperes
Rated

40
40

20
20

10

The Tyrr 50, with a load
rating of 5 kva for 115-volt
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 circuits
with ample capacity for
temporary overloads. Both
models are supplied with
protective cases. Dial plates
are reversible and are
marked on one side for
OVERVOLTAGE  connce-
tion; on the other side for

LINE-VOLTAGIS connec-
tion.
3
4 HOLES 17732 DRILL Ly
lﬁ‘/:‘\;%
[— ~
: 3
=
3 Q E
43 O -
-'-E»"? ou S
] = I
T B
= H ‘:'j x_f-.
- = J . Q g
I__ ..ﬁa -l ;‘c“‘ ;
KI'A
Max. f.ui."mh'ng
40 5.2
40
31 .0
20
10

VARIACS FOR 25-CYCLE SERVICE

[-Tvpe VARTACS, designed for G0-cvele service, can be used on 23-eyele supply at one-half
Ty} « 60-c) ; ) _
their 60-cyele voltage and load ratings.

Rated Input Rated Output

Type Volts

Line Voltage Connection
Output Voltage Muax. Output
Amperes

Amperes

Ruange
V-5H
V-5HM 15 2 0-115
V-5HMT
V-10H
V-10HM 115 4 ' 0-115
V-10HMT
V-20HM 15 | N 0-115
50-B 115 | ) =115

For prices, code words, and other specifications see page 29.

10.4

31

KVA at Max.
Output
Voltage

Overvoltage Connection

: tated Output

Output Voltage! . .
I & Current in

2 S
AREC .\5:!!!\'!'1'-
3 0-135 b
N 0-135 4
" 0-1:35 s
51 0-135 20

When ordering, please specify that VARIAC is for 25-evele service, in order that proper dial may be furnished.
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SPECIFICATIONS

VARIACS

OUTPUT 1
é Line-Voltage Overvoltage |,
5 = = Connection (Note D) | Connection % -
< e g2 |— - = £
o33 :|E = B = k= g
Evt®m 3 I e |s_s| 2% e g g o
=S = 0 mESe2E5 ol % = — By =
== @ =1 o F— o= - -] = i o .
= =223 < | 2 = Cesls08 = e ] £ 3 3
ea*= = |25l 2B =sC|Ez| B =8 | 23 1
= = 2 12 Bl = g P LB = = A = = =3
[T - S~ g - =B % = e U ga|em EI':‘ ‘s
ZrR A L - U™ E=E(=2 g = =kl Wit 2 = . Nr
@A, 3 |5E| £8% [5C 2|25 & & |gEsglE= E8 = Code | Price
Type gz g = lz=| £5 f-EI2E%| 52 [g<2|%¥F| ££ g Word |[(Note E)
£2E 2|2zl 82 |RE2|8=5| &= |S24|88| A6 P
200-B t:‘:::?f:{:t‘:l:]!: 115 1]0-115| 15| 017 [ 0-135 | 1 | 3| 10-20 | 22§ | sarsa |$ 12.50
va :é?ﬂiffﬁ::;::: 15| 2| 0-115 | 3 0.345( 0-135 2 135 1530 314 | meavy | 12,50
v o | 115 | 5 [ 0-115 | 75 | 086 | 0-135 | 5 | 9| 1580 | 6 |comxa | 18.50
V-5M 1\:‘ rlrtlllnntizfzt';lll]r)i 115 5| 0-115 l 7.5 | 086 | 0-135 5 9 | 1530 7 COPAL 20.50
With case, ter- - ) o
V-5MT minalbox,cord,| 115 3 =ee Note (O 0-135 5 09 15-30 To% | coRAL 25.00
plug, switeh ) a1 B
Unecased, with | 230 2 5 : " 0-270 2 5 P
= ' =230 | 2.6 | 0.60 = ¢ o g UL 4
vean | terminalstrip | 115 | 1 i 2 | ’ ! 0-270 1 _J | 12 ;_U 022 ”Ei 2190
With case and | 230 2 a1l % x 0-270 2 e .
) 12330 2. (.60 - ( 5-: 3 UMIN
v=gum terminal strip | 115 1 28 i 2 0-270 | 1 9 l: i _(’f-_l CUMIN 23.00
With case, ter-
V-5HMT | minalbox.cord,| 230 2 See Note O 0=270 2 1] 15-30 735 | curp 27.50
plug, switch | i o N
v-10 Eclrt::x?::{::rllll? 15 | 10| 0-115 | 13 1.5 ‘ 0-135 | 10 | 17 ‘ 30-60 | 113 | wazen ‘ 33.00
V-10M ::_If]‘]']‘h“"f:f‘;“':_‘i‘]f 115 [ 10| 0-115 | 13 | L5 | 0-135 ‘ 10|17 | 30-60 | 1154 | meavy | 35.50
- | With ease, ter- . o - [ o
V-10MT minalbox,cord,| 115 | 10 See Note C 0-1356 10 17 3060 1204 neor 40.00
plug, switeh A -
Uneased, with { 230 4 Cann | se o 0-270 4 = BLE 5 -
V-10H | torminalsteip | 115 | 2 0-230 | 52| 1.2 ‘ o270 | 2 |1 30-60 _m,x HINNY 34.00
With ease and | 230 4 o | i & 0-270 4 = S :
V-10HM | o inal strip | 115 | 2 | 07280 1 52 | 1.2 0270 | 2 17 | 30-60 | 11 noary | 36.50
With case, ter-
V-10HMT | minalbox,cord,| 230 4 =ee Note (O =270 4 17 3060 11 | nosny 41.00
pluge, switeh -

V-20 é;’:;,‘;fﬁ\:‘l’li:‘ 15 |20 | 0-115 | 26 |30 | 0-135 | 20 |27 | 55110 [ 22 lsewio | 49.00
V-20M t\:_lf:‘lil'il‘:f:’l“";;{‘)';d 15 | 20 | 0-115 [ 26 | 3.0 | 0-135 ‘ 00 | 27 | 55-110 | 2235 [JeweL | 55.00
G = - Sl .| | || = I [ i

Uneased, with | 230 | 8 il [ 0270 5 = e
=, _ & 230 (.4 2. - 2 Ha-110 | 2 . =
VO | il strip | 115 | 4 | 023 | 104 | 24 ‘ O-zro 4 | 27| 851021 oy | 49.00
With caseand | 230 |~ e . 0-270 .- ol Ea = )
ki terminal box | 115 | 4 | =Y i 10.4 | 2.4 0-270 ‘ ! 1 B ot I 2124 | awy 200
50-A ff-.f.‘ffa:.'ﬂf"iﬂffl 115 | 40 ‘ 0-115 [ 45 | 5 0-135 ‘ 40 ’ 60 | 250-500 | %5 | roxex | 140.00
| Withease and | 230 | 20 | = 0270 | 20 | == | wrncos | o0 .
" e 3 950 S S
50-8 terminal box | 115 | 10 ‘ 0-230 ‘ 31 ‘ ‘ (=230 10 14| #at=al0. | 81 YOLA% 140.00

PATENT NOTICE.

See Note 8, page vi

NOTES

Maximum eurrent ean be drawn at max. voltage for the line-voltage connection only. Max. output voltage = line

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

= output voltage X raled current.

GENERAL RADIO COMPANY

Itated current should not be exceeded for the overvoltage connection. Ouiput kva for overvoliave conneetion

MT models are shipped with overvoltage connections, but ean be supplied with line-voltage connections on order.
All models are shipped with overvoltage dials unless line-voltage dials are specified in order.
Variaes ean be supplied on special order less knob, dial, case, ete., at lower net prices.
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VARIACS

GANGED VARIAC” ASSEMBLIES

(FOR PARALLEL, SERIES,
VARIAC

Two- and three-gang assemblies  are

available for controlling several eircuits from a single
dial, or for controlling 3-phase civeuits in the same
manner that one VARIAC controls a single-phase

AND THREE-PHASE OPERATION)

In polvphase eireuits a large variety of input and
output voltage combinations is possible. The wye
and open-delia connections listed are most frequently
used.

cirenit.

Open-=delin elrenit,

Wye-connected cirenit,

PARALLEL COMBINATIONS

The larger-size VARTACS (V-20 and Tyre 30)
can be operated in parallel if a Tyre 50-P1 Choke is
used to limit cireulating current, as shown in eireuit
(a) at left. Load rating of two identical VARIACS
in parallel is twice that of a single VARIAC, Parallel
operation is not usually recommended for smaller
VARIACS, beeause the use of the pext larger size
VARIAC i more economical, Where a load rating in
excess of two Tyre 50 units is needed, a third unit
can be added by using a Tyer 50-P'2 Choke, as
shown in cireuit (b). '

THREE-PHASE COMBINATIONS

Three-gang VARIACS ¢an be operated in a wye
on three-phase eircuits, and two-gang units in
an open delta,

With the wve conneetion, 115-volt VARIACS
can be used on 230-valt lines, and 230-volt units
on A60-volt lines. Load rating for o three-gang wye
is about 3.5 times the rating of a single VARIAC,

The open delta connection makes it necessary 1o
de-rate the VARTACS slightly. The load rating of
i two-gang open delta is 1.732 times that of a

single VARIAC,

SERIES OPERATION

The series connection is uscful in operating 115-
volt units on 230-volt lines and 230-volt units on
460-volt lines, This eireuit cannot be used, however,

\.\'110[1 COMNoNn :‘nuln‘l'ﬂul: 1- r'l_'l‘llil'i‘ll i-['l‘\\'('l'll

line and load, as, for instance, when the load is |
erounded, —
VARIAC ASSEMBLIES . . il
Not Weight
Tuype Deseription tn Pownids Cade Ward Price
V-5G2 2-Ciang V-5 1 COEAGANDT $ 49.00 |
V-5G3 ; 24 CORRAGANTY 68.50 |
V-5HG2 16 CULPAGANDE 54.00 |
V-5HG3 3 [ it} CULPAGANTY 76.00 |
V-10G2 2-Ciang V=10 HALELGANDG 79.00
V-10G3 3-Ciang V-10 iTha HAZELGANTY 113.00
V-10HG2 2-Ciang V=101 25 HINNYGANDU 81.00 |
V-10HG3 3-Ciange V1011 By HINNYGANTY 116.00
V-20G2 TCiange V=20 st JEWELGANDU 126.00
V-20G3 3-Giang V-20 Gals JEWELGANTY 182.00
V-20HG2 2-Crang V-20H 4615 JIMMYGANDU 126.00
V-20HG2 J-Crang V=201 i JTMMYGANTY 182.00 |
50-AG2 2-Ciamge H0-A 10 TUORKENGANDU 310.00
50- AG3 A-Ginng H0-A 245 TORENGANTY 460.00
50-BG2 2-Ciane HO-13 175 POPAZGANDIT 310.00
50-BG3 3-Cang 50-B 256 TOPAZGANTY 460.00
50-P1 Choke 114 PARALLCHOK 12.00
50-P2 Choke 14 | TRIPLECHOK 12.00 = |

*Prices of Ganged Assemblics do not include Chokes,

30
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VARIACS

SPECIFICATIONS FOR GANGED UNITS

ASSEMBLIES FOR 230-VOLT!

Input
Three-Phase

Line Valts  Line Amp.

230
230
230
230
230
230
230
230

Ooervoltage
Line-Voltage Conneclion Connection
Rated Output Max.Oulpul Quiput
Oulput Voltage Line Oulput Voltage — Qutpul Type of
Range  Amperes KVA Range Kva Cireuil Assembly Price®
2 0-230 ‘ 2.6 1 0-270 4 [ Open Delta | V-56HG2 $ 54.00
4 0-230 5.2 2 0270 | 19 Open Delta | V-10HG2 81.00
5 0=-230 7.5 3 Not recommendedf Wye V-5G3 68.50
8 0-230 10.4 4 0-270 | 38 Open Delta | V-20HG2 126.00
10 0-230 ‘ 13 5.2 Not recommended Wye V1003 113.00
20 0-230 26 10.4 Not recommendedf Wye V-20G3 182.00
20 0-230 31 12.5 0-270 | 9.3 Open Delta [ an-BG2 310.00
40 0-230 | 45 18 | Not recommendedf | Wye 50-AG3 460.00

THREE-PHASE SERVICE

01 208-volt cirenits, eurrent rutings remain unchanged, but voltage range and kva ratings are reduced in proportion to the voltage.
FOn 208-volt cirenits, overvoltage eonnection may be used.

ASSEMBLIES FOR 460-VOLT THREE-PHASE SERVICE

160
G0
L0
1650

[

=

2

0-460
O=460
U450
0-160

.6
5.2
10.4
31

1L

2 Not recommended | Wye
4 Not recommended Wye
8 Not recommended Wye
25 Not reconnmended Wye

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

ASSEMBLIES FOR SINGLE-PHASE

V-5HG3 $ 76.00
V-10HG3 116.00
V-20HG3 182.00
S0-BG3 460.00

115-VOLT SERVICE

Quervollage

_.L ine- ]l'm'l‘-‘f:'lf'. on rﬂi_— i Conncetion - Total
Tupul  Rated  Oulpul Mazx. KVAat OQOutput Rated Type Price #®
Line Output  Vollage  Oulput Mazx. Valtage — Output of Connec- Chales including
Volts Amperes Range  Amperes Valls Range  Amperes  Assembly tion Required Chaoles
115 | 40 0-115 52 6 0-135 40 V-200:2 I Parallel | One Type 50-1’1 [($138.00

3 : 4 < G : F n [One Type 50-P1
115 60 0-115 7S 9 0-135 60 V-200:3 I Parallel \One Type 50-P2] 206.00
115 80 =115 90 10 0-135 80 H0-AG2 | Parallel One Type 50-P1 322.00
n 5 . o " g 2 50-AGE s onal | JOne Type 50-P11
115 | 120 | o-115 135 15 0-135 120 50-AG3 | Parallel | 510 Y00 270 | 484.00
ASSEMBLIES FOR SINGLE-PHASE 230-VOLT SERVICE
20| 5 0-230 7.5 1.7 0-270 5 V-5G2 | Seriesf None $49.00
230 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-P1 138.00
230 2 0-230 26 6 0-270 20 V=202 | Seriest None 126.00
230 A0 0-230 62 14 0-270 40 50-BG2 | Parallel r(_}lu:‘! Type 50-P1 322.00
o e ; i ; o S One Type 50-P1]
230 | 60 | 0-230 | 93 21 0-270 60 |s0-BG3 | Parallel | {0 1\e 50-p) | 48400
ASSEMBLIES FOR SINGLE-PHASE 460-VOLT SERVICE

160 | 2| 0-460 2.6 124 | 0-540 2 | V-3HG2 | Seriest None $54.00
460 4 | 0460 5.2 2.4 0-540 4 V-10HG2! Seriest None 81.00
460 8 0-460 10.4 48 0-540 8 V-20HG2! SeriesT None 126.00
460 |20 | 0-160 31 14 0-540 20 50-3G2 | Seriesf None 310.00

#iee price list on preceding page for net weights and code words. .
fCannot be used where a common connection exists between input and output, as for instance, when load is grounded,

GENERAL RADIO COMPANY
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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 Tyrr
V-35. They are available:
. As single units.
2. As 2-gang assemblies for 115-volt, three-
phase, open delta connection (or for con-
trolling two circuits on a single shaft).
3. As 3-gang assemblies for 208-volt, three-
phase, wye-connection (or for controlling
three circuits from a single shatt).

TO 1200-CYCLE SERVICE

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

Vibration — 10 to 55 cycles,

amplitude.

Shock — 1200 ft.-Ib. test of MIL-T-945A.
> Coil bears =olidly through a thin insulator
against 2 cast aluminum base, which, in turn,
has an annular mounting surface. Good ther-
mal conductivity between coil and base, and
between base and panel, is thus achieved,
> Wiring diagram on terminal board.
> Usable from 400 e. to 1200 c.
> Dunarrag contact surface provides extra
factor 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
lllllxi[lllllll illl{l return).
> Two-ampere model (Tyre M-2) has 400
turns, giving adequate 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.

1/32-inch

SPECIFICATIONS

Type M-2
400 to
1200 eps.
115 nominal 115 nominal
0to 135 0t 135
or o1
1 to 115 Uto 115
2 amperes 5 amnperes

Type M-5
400 to
1200 eps.

Line Frequency:

Input Voltage:
Output Voltage:

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

comeetion, only )

3 amperes 7.0 amperes

i 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: 6.6 ohins 1.3 ohims
Driving Torgue: 10-20 15-30
ounce-inches  ounce-inches
Net Weight, pounds: 174 31

Dimensions: see sheteh st sketeh

Tigpne Deseriplion Clode Waord Price

M-2 Variac. .. ... . BAGGY $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 Variac, .. ........ ... 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 NOTICE., See Note 8, page vi.
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AUTOMATIC
VOLTAGE REGULAT
L

(,
“" S Q.'/@ [t

REQULATOR
GOH"‘;%I. UNIT

oulruT
UNREGULATED

VARIACS

VOLTAGE

TYPE 1570-A AUTOMATIC VOLTAGE REGULATOR

USES: The Tyer 1570-A Automatic Voltage
Regulator is designed for both laboratory and
mdustrial applications where constant a-c¢
line voltage s required. It combines high
acenracy for laboratory use with large ca-
pacity for industrial applications. Typical
ipplications for this instrument are: lab-
oratory power, critical transmitter supply
voltages, meter test benches, carefully con-
trolled industrial processes.

DESCRIPTION: The Tyre 1570-A Automatic
Voltage Regulator consists of a  Variae®
adjustable autotransformer, an auxiliary step-
down (ransformer, and a servomechanism,
vhich controls automatically the setting of
the Variane so that the output voltage is held
constant. The servomechanism comprises a
voltage-sensing device, a reference voltage,
an error-voltage amplifier, and o thyratron-
controlled servo-motor. The motor operates
the Varine 1o keep the output voltage con-
stant without adding any harmonie distortion.
I'he auxiliary step-down transformer is used
Lo inerease llwunlcm ltllm of the regulator.

The voltage sensing element is a rectifier
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 compared to a stable voltage
reference tube to obtain a d-¢ error voltage.
This error voltage is amplified by a two-stage
balanced 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 device rather than
an off-on device and provides a smooth con-
trol with no “dead zone.” The Varine driven
by this servo-motor is equipped with ball-
bearings to reduce riction to a minimuim,

FEATURES: > [ligh accuracy
High response speed
> Adjustable output voltage
> Zero waveform distortion
> Independent of load power factor
> Iligh power
> Iligh cfficieney

I'he oscillograms below show traces of Gi0-exele voltage sine-wave penks illustrating the response speed of the Tyrw 1570
Line Voltage Regulator. () Left, 29 change (step funetion) in voltage input to regulator: (b)Y center, voltage out ot

¥

of regtlator s o result of 29 input voltage change shown in (a);

(e} right, voltage ontput of resulator as the inpuat

voltage i= changed 1Y,

GENERAL RADIO COMPANY 33



VARIACS

O
UNREGULATED
r

REGULATED
ouTPUT

CONTROL
umir

Flementary schematie diagram of the Type 1570 Line Voltage Regulator.,

SPECIFICATIONS

Output Voltage: Adjustable over a range of
from a base value of 115 volts (for Tyre 1570-AL) o
volts (for Tyee 1570-AT1l) 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 footnote below).

230 Nominal
_lrfl,l'rr.n’uflh' + {0 ;

115 Nominal

Outpul Voltage {djustable 100,

Input voltage as 90, =00, LTV B0

a percentage of 1o Lo Lo Lo
output voltage* 1109 12095 1109 12097

Output current |

i - -

amperes AU 20 20 10
KVA G 3 5 2.5

Accuracy in ¢

: : 2557, RO7. y a0 =t

of output voltage 0.25% 0.5%% D257 0.5

Speed of
Response volts 10 20 20 40
]N“I" .“11['()[1‘[;

*Tyres 1570-AL and 1570-A11 can + 109%
or =209 input 3 d con-
nected for £10% range i on order.

tSlightly less for very small voltage corrcetions.

Type
1570-ALM
1570-ALR
1570-AHM
1570-AHR

PATENT NOTICE. &

Naote 8, 1

o Vi,

Line Voltage Regulator, 115 volis, 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 device |'|\>.-:].r>|::].~i
to the averapge wvalue of the reetified output voltage,
Therefore, the average value of the ontput voltage is
held constant, and a loaded d-¢ power supply operated
from the output of the regulator will give constant output
voltage regardless of the harmonie distortion present in
the power line. The rms output voltage will also remain
constant, !'l‘g:‘:-l.]l'.-\'- of the harmonie distortion present,

as long as the phase and amplitude of these harmonics
are constant. IT the harmonie content changes, the rms
value will ehange .‘J} an amount less than AR/ n, where al?
is the 1'}|:llu_'t‘ in the harmonie il]ll;.'“'llllll' and n is the
harmonie number,

Ambient Temperature: Full ratings apply up to 40°C,
Frequency: Standard models, G0 A cles. The instrument
can be modified at the factory for operation at 30 eyveles.
There iz a nominal charge for this modifieation, which
must be made before shipment.

35 watts

10U watts

Power Consumption: No Load
Full Load

Efficiency: 980

Mounting: Relay rack (-I3 model) or table top (=M

model ).

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

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

Net Weight:

Cade Word Price

<o CEDAR

CHARY

CHALK

CURLY

Price on
request

Elementary schematic of the control unit eireuit (see block diagram above) used in the Line Voltage Regulator to control
the servo-motor drive.

FROM REGULATOR
uTPUT

RECTIFIER
OUTPUT VOLTAGE

MOTOR CONTROL
THYRATRON

MOTOR CONTROL
THYRATRON

34 GENERAL RADIO COMPANY



VARIAC® MOTOR

VARIAC Speed Controls are compact,
moderately priced motor speed controls, de-
signed to operate d-¢ shunt, compound, or
series motors from an a-c line. The motors are
operated with constant field excitation and
adjustable armature voltage, obtained from a
Variae autotransformer and rectifier, so that
shunt motor regulation characteristies ave
obtained.

No clectronic tubes are used in these conlrols.
Rectifiers 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, 43, %4, 1,
and 11y horsepower. They are simple and
rugeed, have good regulation., and are par-
ticularly 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 circuit diagram for
one of these controls. Two sets of full-wave
rectifiers are used. One set supplies fixed field

Itaure 1. Panel View of the Tyer 1700-B Motor Speed
Control.

the other a continuously adjustable
a Variac¥

vollage:
armature voliage, controlled by
atttotranstormenr.

The choke in the armature circuit, in con-
junction with the full-wave selenium rectifier,

115 voLr
60 CYCLE LINE

diagram of the

Motor

2. Cirenit
Virtae

(‘ontrol.

Speed

GENERAL

RADIO COMPANY

SPEED CONTROLS

SPEED= RPM

PERCENT RATED TORQUE

Ficure 3. Speed-Torque Characteristies of a typical

motor and .\'ng‘L'xl control installation.

assures continuous conduction throughout the

a-c cyele, 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.

> Dynamic Braking in all medels Lg hp and

higher brings the armature to a quick stop.

> High Starting Torque. Heavy loads can be

started and  stopped repeatedly without

damage 1o motor or control.

> Instant Starting.

> Quick Reversing.

> Negligible A-C Ripple — Motor need not

be derated — No torque pulsation.

> Low IMirst Cost.

> Simple Installation. Single-unit construe-

tion for all sizes through 24 horsepower.

> Very Low Maintenance. No  clectronie

tubes, Variac brush is only component requir-

g oceasional replacement.,

o4

ARMATURE SUPPLY

“ ARMATURE QO TO NS VoLTS DG

RECTIFIER



MOTOR SPEED CONTROLS

Tyre 1700-13

TYPE 1701-AK

For shunt motors 1715 hp and smaller. Two speed ranges,
selected by a panel switeh.

Typieal applications arve: Feed 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 Type 1701-AK above. TTowever
the Tyrr 1701-AM has one speed range (zero to rated motor
speed). The armature overload fuse is located on the pancl in
the position thuat is taken by the speed range switch on the
Tyre 1701-A K.

TYPE 1701-AU

Like Tyre 1701-AIN, but for series and universal motors
One speed range. Gives shunt regulation characteristies with
inexpensive universal motor at speeds up to 10,000 rpm. Motor
ficld and armature leads must he brought out separately,

Applications similar to Tyer 1701-AI. but including also
higher speed applications, such as small very high speed
drill presses.

TYPE 1703-A
Lg hp [Teavier feed drives and other applications similar
to Tyer 1701-AIK.

L2 hp — for winding machines of various types, rewinding
amd  take-up  drives,  drill  presses,  grinders,  processing
machinery,

TYPE 1702-A
TYPE 1702-M

34 hp — A-model has controls on cabinet; M-model has
separate control station. For spindle drives for beneh lathes,
heavy-duty winding machines. automatic welding machines,
processing machinery, drill presses, conveyors, grinders, heavy-
duty rewinding and take-up drives.

Loft, T'vyer 1702-A

TYPE 1704-A

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

The Tyrr 1704-A and the Tyre 1705-A
Speed Controls are physically similar. (See
the photograph of the Typre 1705-\ =
the left.)

TYPE 1705-A
114 hp —has separate control station.
Heavier duty applications similar to those for
Typres 1702 and 1704

Left, Typre 1705-A

PATLENT NOTICE. Sec Note 8, puge vi
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RESISTORS

Resistonrs designed for use at electrieal com-
munication frequencies differ from those
intended for use only at direct current in that
low reactance and constancy of resistance as
the frequeney is varied are of considerably
more importance than extreme accuracy of
adjustment. Inevitably, resistors have capaci-
tance and induetance associated with them,
and these residual impedances become in-
('1'(\:|-'il|f_1‘|}‘ imp:ll‘lrml as the 1'I‘L-.ql_lt’[u_'_\‘ is
raised, acting to change the terminal resistance
from its low-frequency value.

For frequencies where the resistance and
its associated residual impedances behave as
lumped parameters, the equivalent eireuit of
a resistor can be r'l'[ll‘l'.‘ii‘ﬂllﬁ'f! 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 is necessary
to differentiate clearly between the concepts
of m|l1i\.‘:|l'l|l series and tw{lll\':llt'!li });lt‘:t“(']
cirenits. The two-terminal circuit of Figure 1
can be deseribed as an impedance, B, + jX,,
or as an admittance, G + B (-_— : - —l y

i !l’ o J’.\ o

i

wherein the parameters arve a function of fre-
quency. This distinetion between series and
parallel components is more than a mathe-
matical exercise the use to which the re-
sistor is put will [requently determine which
component is of principal interest.

The expressions for the effective series re-
sistance (/L) and the elfective series reactance
(X,) of Figure 1 arve:

I, - s (1)

Tigurr 2. General normalized curves of resistance as a

funetion of frequency for a fixed resistor.

Freune 1.
residual i1u|-n_'-i:1.'u'e.~ associnted with the resistance.

Fquivalent cireuit of a resistor showing the

o1~ ()]
[1=(2) ] + tracy:
where o

| ot
Wy = VIl and (i) = LG (3)

The effective parallel components are given
by:

. | 4\
¢ i, H[I i ( ::l,)} (4)
SRR SRS SR
B=— ¢ = u o[1+ LY o

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

1

R*
ili,l.’;h values of resistance the capactlance domi-
nates, while for low values of resistance in-
ductance is the controlling effect.

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

capacitance, €' [t is apparent that for

sions and plotting against — with the dissipa-
&n
e
VLT’
parameter. This is done for R, and X, in
IFigures 2 and 3.

For values of 1)4* less than 2, the resistance
increases with frequency to a maximum and
then decreases to zero. FFor values of D2 of 2
or :_-_11‘:|l(‘1'. lilt- resistance never rises above
unity. The same sort of behavior oceurs for
reactance, except that the value of Dy*is 1 for
the monotonie condition.

Dielectrie losses in the lumped portion of
the shunt capacitance €' of Figure 1 are equiv-
alent to a resistunce

1‘1’11

tion factor at resonance, Dy =

as a

|

DewC (©)
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watiiek . General normalized curves of reactance as a

function of frequency for a fixed resistor.

vhich decreases with increasing frequency

md eauses even the parallel resistance to de-
rease rapidly bevond a certain frequency.
[hat portion of the shunt capacitance €' which
is distributed causes a similar rapid decrease
n resistance, even if its dieleetrie loss 1s negli-

sible. These effects together are called the
Boella effect. Its outstanding characteristic
is that, when the ratio of a-c to d-c¢ resistance
mormalized parallel resistance) is plotted
wainst the produet [R of frequency and d-¢
esistance, all points for any one type of re-

sistor full approximately on the same curve,
regardless of the resistance value. The de-
pense in oresistance will amount to 19 for
vire-wound resistors and the poorer composi-

on-type resistors when the product 12 is 0.01

(Me, MQ) and for the best composition-type

esistor when [ 15 10 (Me, MQ).

For any given resistance value there will be

a combination of residual parameters that
vill give best performance over the widest
requency range. Proper proportioning of the

esidual parameters determined by the me-

hanieal construetion will lead to the best
ompromise design for a line of fixed resistors,
An example of this kind of design is the Tyre
i3 Resistor, in which a fine, straight wire is
1sed as the resistive element in order to reduce
skin effect. The inductance is held at a low
alue [-‘\' 1'|.:tmi)i|1_: the wire to flat metal fins,

vhich also aid in power dissipation. This pro-
duces u comparatively large shunt capaci-
ance, and the element is so proportioned that

RESISTORS

VI € ig of the same order of magnitude as the
resistance, a condition which minimizes the
changes of both inductance and t';ﬂ‘l;lt’"ll:lllt'l'
with frequency. Resistors of this type exhibit
only 197 change in resistance at frequencies
as high as 30 megacyeles.

Wire-wound resistors of the card type ex-
hibit a negligible frequency error in resistance
up to about 500 ke, for values of resistance
up to H00 ohms, and only moderate errors at
one megaceycle.

When assembled into decades, these resist-
ors have added to their own residual im-
pedances those of the switches, wiring, and
cabinet. The equivalent cireuit is then that
of Figure 4, which represents a single decade
of the 510 type. For assemblies of such decades
in the Tyer 1432 Decade Resistor the same
cireuit is still valid. The ineremental induet-
ances of the several decades in the cireuit are
additive, but the capacitance is approxi-
111:||l't|\’ that of }Ii_‘_"}ll_'.‘-'l deeade in use, .l‘_\'ll‘ll'.’ll
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 effect of the
residual reactance depends greatly upon the
way the resistor is connected into a cireuit,
Reactances can often be tuned out, particu-
larly in parallel eircuits. 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 eireuit
element, the upper limit of frequency for a
given error 1s some 10 times higher than for
the series conneetion.

All General Radio precision resistors of
100 ohms and above are wound with wire of
a newly developed alloy which has many
desivable characteristies. Chief among these
are a low and positive temperature coefficient
of resistance, substantially constant over a
wide range of operating temperature, and a
negligible thermal emf to copper. Moisture
has no appreciable effect on its resistance,
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 grealer tensile :-tI'l'l!j_llh
is an advantage in winding, making it possible
to produce better and more uniform resistors
than can be made with other alloys.

Fioune 4. Equivalent
resist-

Ing location i H
residual
IMMpeances,

nature ol
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RESISTORS

TYPE 1432 DECADE RESISTOR

USES: Aceurate decade resistors are extremely
valuable wherever electrical measurements
are made. They are constantly used in cirenits
where a wide range of resistance values is
required or where variable dummy generator
and load resistances are needed. The aceuracy
of Typr 1432 Decade Resizstors easily 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.

Although designed  primarily  for direct-
current and audio-frequency work, many of
the models are useful well into the radio-
frequency range.

DESCRIPTION: The Tyre 1432 Decade
Resistor is an assembly of Typr 510 Decade-
Resistance ['nits in a single eabinet. Mechan-
ical as well as electrical 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 1o the cabinet and panel. for
which a separate shield terminal is provided.

Three-, four-, and five-dial 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
panel.

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

-less than

> High accuracy — 0.059% for most decades.
> Low temperature coeflicient of resistance.
» Negligible thermal eml to copper.

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

> Residual impedances are small and are
given in the specifications so that approximate
frequency characteristies ean be computed.
> Maximum current for each deecade based
on 40°C temperature rise is engraved on
panel.

SPECIFICATIONS

Frequency Characteristics: Similur to those of in-
dividual Tyre 510 Deecade Resistanee Units, modified
by the increased series induetance, Lo, and shunt eapaei-

tanee, I‘_', lltti- 1o lhi' \\'il’irlg :Hui I]w presence of more Ill:m
one deeade in the assembly. At total resistance settings
of approximately 1000 ohms or less, the frequeney
characteristic of any of these deeade resizstors 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 capacitance becomes the controlling
fuetor, and the effective value of this eapacitance depends
upon the settings of the individual decades. See Residual
I mpedaneces below,

Residual Impedances:

Zero Resistance ([0): 0.002 to 0,003 ohims per dial
atb de; 0.04 ahms per dial at 1 Me; proportional to square
root of frequency at all frequencies above 100 ke.

Zero Inductance (Lo): 0.10 gh per diul.

Effective Shunt Capacitance (C'): This value 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 deeade from the top is the
hehest resistance deeade in etremit (e, not set at zZero)
the shunting terminal capacitance is 45 to 30 puf. 17 the
highest decade in the assembly i in use, the effective
capacitance 12 15 to 10 puf, regardless of the settings of
the lower-resistance decndes,

Temperature Coefficient of Resistance: Less than
x”.l]l)ﬁ‘f}, per degree Centigrade at room temperatures,
except for the 0.1 2 decade, where the box wiring will
increase the over-all temperature coeflicient.

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

Accuracy of Adjustment: All curds are adjusted within
+0.05% of the stated wvalue between eard terminals,
exeept the 1-ohim f‘.'ll'[i:h" which are Hlli‘l.‘ill'tl within
40,159, and the 0.1-ohm units which are adjusted
within 2=0.59%.

Maximum Current: See specifications for Tyee 510
Decade-Resistance Units, page 42. Values for 40° ¢
rise are engraved on panels directly above switeh knobs,
Terminals: Jack-top binding posts set on General Radio
standard ?4-inch spacing. Shield terminal is provided.
Mounting: Aluminum panel and ecabinet.

40 GENERAL RADIO COMPANY



Dimensions: Width, -l"',,-, inches; height, -i”l:; inches:

RESISTORS

Net Weight: Tyre 1132

- A, C, F, 4 pounds, 2 ounces;

length, 1073 inches for 3-dial, 13 inches for 4-dial, and Tryee 11352 J. K, L. Q. 5 pounds, 4 ounces; Tyre
Iﬁ'}-;.{ inches for 3-«hinl box. 1432 M, N, P66 pounds, 5 ounces.
No.of TypcalO
Tym Resistanee Dials  Decades Used Code Waord Prici
1432-F 111 ohms, total, in steps of 0.1 ohm 3 |A;B.C DELTA $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 DEBAR 69.00
1432-J 11,110 ochms, total, in steps of 1 ohm 4 B,C D E ' bprsiT 87.50
1432-N 11,111 ohms, total, in steps of 0.1 ohm 5 A,B,C,D,E pvox  104.50
1432-L 111,100 chms, total, in stepsof 10 ohms 4 C,D,EF DECAY 92.00
1432-M 111,110 ohms, total, in steps of 1 ohm 5 |B,C,D,E F prar 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 ohms, total, in stepsof 100 ohms 4 |D,E F, G | puror 11550
1432-P 1,111,100 ohms, total, in stepsof 10 ohms 5 | C,D,E F, G| vrren | 137.00

TYPE 510 DECADE-RESISTANCE UNIT

USES: Because of their aceuracy, compactness,
and stuedy construction the Tyee 510 Decade-
Resistance Units are ideal for assembly into
production  test instruments, bridges, and
sther experimental and  permanent  equip-
ment., They are particularly useful in appli-
eations where only one or two decades are
needed, or where o Tyre 1132 Decade Re-
sstor ecannot be mounted conveniently. In
many cases the use of these units will release
for general laboratory work relatively more

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
1o reduce the effects of residual impedances.
The I-, 10-, and [00-0hm steps are Avrton-
Perry wound on molded phenolic  forms
especially shaped and heat treated to minimize
aging effects. The 0.1-ohm steps are bifilar
wound with ribbon, while the 1000-, 10,000-,
and 100,000-ohm steps are wound on thin
mica cards,

IEach decade is enclosed in an aluminum
shield, and a knob and etched-metal dial
plate are supplied. The mechanieal assembly
15 also available complete with shield, blank
dial plate, switch stops, and knob, but with-
out resistors, as the Tyrr 510-P3 Switch.

FEATURES: > Iligh accuracy
most units.

> lixcellent stability — newly developed
stable resistance alloys, with final resistance

— +0.059, for

adjustment  after artificial aging at  high
temperatures.
> Good  frequency  characteristics — most

Tyre 510 Decades can be uzed at frequencies
as high as several hundred kiloeveles, as well
as at de.

> Low temperature coefficient.

> Negligible thermal eml to copper.

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

Nore: For decade capacitors, see pages 56-98,
For decade inductors, see pages 63 and 64,

GENERAL RADIO COMPANY
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RESISTORS

SPECIFICATIONS

Accuracy of Adjustment: Resistors are adjusted to be
aceurate at card terminals within the tolerances ;.:'n-r*n in
’I‘:ihil‘ I.

Maximum Current: Sce Table I below,

Frequency Characteristics: The equivalent cireuit of
a deeade resistance unit is shown on page 39. The values
of the residual inu';r-tl:tm-n-.-: are listed in Table I.

The accompanying plot shows the maximum pereentage
change in effeetive series resistance of all seven decades
as a function of frequency. For Tyres 510-A and 510-B
the error i1s due almost Pl:tit‘l‘])’ to skin effeet and is
independent of switeh setting. For T'yre 510-C the error
changes slowly with dial setting and is ¢ aximum at
maximum resistance setting, while for Ty 510-D a
broad maximum occurs at the 600-ohm setting. For all
the higher resistance units, the error is due almost entirely
to the shunt eapacitanee and itslosses and is approximately
proportional to the square of the resistance zetting,

The high-resistance deeades (Tyees 510-15, 510-F, and
510-3) are very commonly used as parallel resistance
elements in resonant eirenits, in which the shunt r'zl]_m{:i-
tance of the decades becomes part of the tuning capaci-
tance. The parallel resistanee changes by only a fraction,
between a tenth and a hundredth, of the amount indieated

in the plot as the series-resistance change, depending on
frequency and the insulating material the switeh.
Switches: Quadruple-leaf, phosphor-bronze brushes bear
01 ||:!l='ir':n(-<l lar:m'z.u contaet .-1m1.-. :“‘b: inch in rii.‘tirl(‘h'[‘.
These brushes are bent so as not to be tangent to the
are of travel, thus avoiding cutting and affording a good
wiping action. A cam-type detent is provided. There are
cleven contaet points (0 to 10 inelusive)., The switeh
resistance is between 0L002 and 0.003 ohm. The effective
capacitance of the switch is of the order of 5 uuf, with a
dissipation factor of 0,06 at 1 ke for the standard cellulose-
filled molded phenolic switeh form, and 0.01 for the mica-
filled phenolic form used in the Tyer 510-G; Unit.
Temperature Coefficient of Resistance: Less than
=£0.002% per degree Centigrade at room temperature.
Terminals: Soldering lugs are provided.

Mounting: Each deeade is ('!llll!‘rl:'lt' with dial pl:lif- and
knob and ean be mounted on any panel between 14 inch
and 25 ineh in thickness. A template is furnished with
each unit,

Dimensions: Over-all dinmeter, 314 inches; depth behind
panel, 345 inches; template and dimension sketeh mailed
on request.

Net Weight: Tyee 510 Units, 11 ounces; Tyre 510-I3,
9L4 ounces.

in

TABLE I

Resistance Power

per Step (AR) Maximum Current per Step l[, (s L(‘
Tupe Olimns Aeccuracy 40° C Rise walls wh upf wh
510-A 0.1 1.6 a 25 | o014 7.7-4.5 0.023
510-B 1 800 ma 6 | 0.056 T.7-L5 0.023
510-C 10 250 ma G 0.11 7745 0.023
210-DD 100 50 ma .6 0.29 T.7-4.5 0.023
H10-1 1,000 23 ma b 3.3 7.7-4.5 0.023
S510-F 10,000 7 ma oy 9.5 7.7-4.5 0.023
510-03 100,000 2.3 ma %] — 7.7-L5 0,023

*Phe larger eapacitance 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 eapacitance is from 10 to 20 ppf greater than indieated here, depending on whether the shicld is tied

to the switeh or to the zero end of the decade.
Itesistance
T iy pe Total
510-A |
510-B
510-C
510-D
510-E
510-F
510-G
510-R

1 ohm

10 ohms |
100 ohms
1,000 ochms
10,000 ohms
100,000 ohms
1,000,000 ohms
100,000 ohms

| 1,000,

Maximum percentage

change in resistance as a
function of frequency for
Tyrr 510 Decade-Resist-

ance Units.

42

Per

1

10
100
1,000
10,000

Step Code Waord Price
0.1 ohm ELATE $12.00
ohm ELDER 16.50
ohms ELEGY 16.50
ohms ELBOW 18.00
ohms ELECT 18.50
ohms ELVAN 21.00
ohms ENTER 40.00

100,000
Decade Steps, i.e., 0.1, 1, 10, 100,
10,000,
510-P3 Switch only (Black Phenolic Frame) .. ... ..
510-P3L Switch only (Low-Loss Phenolic Frame) ... .. ... .. . .

100,000 ohms 18.00
7.50

8.50

EAGER
ENVOY
ESTOP
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TYPE 670-F COMPENSATED

USES: The Tyrr 670-F Compensated Decade
Resistor 1s intended for use in a-¢ measure-
ments where non-reactive inerements of re-
sistance are desired. Induectance compensated
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-
stancy of inductance is desired as resistance
is varied.

DESCRIPTION: Itach 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 regardless 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 balaneed out in prelimi-
nary adjustment.

RESISTORS

DECADE RESISTOR

SPECIFICATIONS

Type of Winding: The 10-ochm and l-ohin steps are
Axrton-Perry resistance eards, while the 0.1-ohin steps
are bifilar ribbon units, .

Accuracy of Adjustment: Resistance inerements are
correet within 40,19, for the 10-ohm steps, £0.259, for
the 1-ohm steps, and 219 for the 0.1-0olim steps.

Zero Resistance: D-C, about 0.04 ohm; at 1 Me, about
0.3 ohm; above 100 ke, proportional to square root of
frequeney.

Inductance: 1.05 microhenry, within 0.1 mierohenry
regardless of resistance setting.

Switches: Double-leaf, phosphor-bronze brushes bear on
lubricated bronze contact studs 14 inch in diameter.
These brushes are bent o0 as not to he tangent to the are
of travel, thus avoiding eutting and affording a good
wiping action. A eam-type detent is provided, and there
are eleven contact ;mil:t:- (0 to 10 inclusive).
Terminals: Standard 34-inch spacing is used on the
terminals. A ground post connected to shield and panel

1s al<o provided.
Frequency Characteristics: Similar to those of T'ver
1432 Decade Resistor, page 40. Change in resistance with
frequency results almost entirely from skin effeet,
Although skin effeet produces a positive change in
resistance, the skin effect in the compensating winding is
greater than that in the resistance units, Accordingly
there is a net negative change in resistance inecrements
from this effect. That is, the inerement in resistance
between One sw iteh [u;illt and lhl_- next }II:],.‘,I'Il'F one will hc

T 1 Resistanes

less at high frequencies than at low. This “negative skin
effeet,” .89, for the units
decade and about — 0.6%, for the tens decade.
Maximum Current: Based on 0.25 watt per step:

at one megaevele, is about

Current tn ma

Decady Jor 40° €' Ris
0. l-ohm-per-step 1600
1-ohm-per-step 500
10-ohms-per-step 160

Mounting: The deeade units are mounted on aluminugm
panels in copper-lined walnut ecabinets.

Dimensions: Panel, (length) 13 x (width) 5 inches.
Cabinet, (height) 5 inches, over-all.

Net Weight: 514 pounds.

In the compensated decade
resistor opposite ends of
the switch blade muke con-
tact  with  resistance or
inductance  windings, re-
spectively. As a resistance
step is added to the circuit,
a compensating inductance
step is removed, and vice
versa.

f_ .'u'u..f.a_ Ward

670-F

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

ABYSS
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RESISTORS

TYPE 1450 DECADE ATTENUATOR

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

DESCRIPTION: The resistors used in each
decade are mounted in compartments in a
cast aluminum housing, which is completely
shielded by the addition of aluminum covers.
Fach decade consists of four pads series-
connected by cam-operated switches, arranged
with positive detents. All eams are mounted
on 2 control shaft which is provided with ball
bearings. Ilach pad is completely shielded,
and a shield is interposed between the input
and output elements of each pad. Each

decude has eleven positions, 0 to 10 inclusive,
0 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 switehes make the boxes con-
venient to use. There are no stops on the 0.1-
and l-db-per-step decades, lacilitating quick
return from full to zero attenuation when
making adjustments.

> Both T-type sections and balanced-H sce-
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 0.1 decibel, respeotively.

Terminal Impedance: 600 ohms in cither direction.
An etehed plate on the cabinet indieates the mismateh
loss for other than GOD-ohm cireuits,

Accuracy: Linch individual resistor is adjusted within
£0.257 of its correet value. The low-frequency error in
attenuation is less than plus 0.008 db (HA)Y, 0.004 db
(TAL, 0.012 db (HB), or 0.006 db (TB) +0.25"; of the
imiu‘u(u(] LHI \':glml, |):'n\'ilii-{l [ill_" attenuator i.\' Tl'l‘lrlill:ltl.‘(’
by o pure resistance of 600 ohms. When properly termi-
nated, the input impedance is 600 ==3 olumns,

Frequency Discrimination: Less than =219 of the
indicated value at frequencies below 200 ke.

Maximum Input Power: 1 watt.

Switches: Cam-lype switches are used with twelve posi-
tions covering 360°%, The dials are numbered from “0" to
10" inclusive 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, but spacers,
which are provided, e¢an be used under the mounting
gerews to act as stops for the knob.

Characteristic Impedance: 600 ohms both directions.
Either end ean be used as input.

Mounting: The deecade units are mounted on an alumi-
num panel in a metal eabinet. Each deende is individually
shiclded, and all shiclds are conneected to the panel and
the “G" terminal. Relay-rack mounting is available on
spoecial order at an additional charge, See price list below.
Terminals: Jack-top binding posts with 34-ineh spacing;
eormmon terminal of T units grounded to ¢hassis; common
termingl of II units not grounded; ground terminal
provided,

Dimensions: 1450-1TA and 1450-TA, 10x 53] x 1214
inches, over-all; 1450-11B and 1450-TB, 12x 5% x 1214

inches, over-all.

Net Weight: 1450-1IA, 114 pounds: 1150-TA, 1034
pounds; 1450-HB, 15)4 pounds; 1450-TB, 1114 pounds,

Tyne Range Impedance Tyne of S:'rj!ir_u_r. _ Cade Waord Price
1450-HA | 110dbinstepsof 1db ...| 600 ohms | Balanced-H | NerworknaT | $270.00
1450-TA | 110dbinstepsof 1db ...| 600 ohms T NETWORKTAM | 200.00
1450-HB | 111 dbinstepsof 0.1db..| 600 ohms | Balanced-H | Nerworkivn |  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 (Tyee 1150-HAR,

for example).
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RESISTORS

TYPE1454-A DECADE VOLTAGE DIVIDER

USES: The Uyre 1451-A Decade Voltage
Divider provides accwrately known voltage
ratios for use in determiming voltage trans-
mission ratios by direct comparison or by null
methods. Its high input impedance, high
resolution, and high acceuraey make 1t a
widely nsed laboratory acecessory for d-¢ and
audio-lrequeney measurenents,

DESCRIPTION: The decade voltage division is
accomplished by the use of the Kelvin-Varley

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

FEATURES: > [ligh accurncy.

> Constant inpul resistance.

> Separate ground terminal provided.

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

> Negligible thermal emf,

SPECILFICATIONS

Voltage Ratio: .0001 to 1.0000 in steps of 000100,
Accuracy: -£(0.107 4 .000001). All resistors are ad-
Hsted to within =005 of nominal values. The voltage
rtio error will rarely exceed this figure, although at low
sottings of ench decade, the error ean theoretieally
approach 0.1,

Frequency Characteristics: If the external eapacitance
placed aeross the output terminals is less than 30upd, the
fronneney error is less than 0.1, to 20 ke for any setting.
Input Impedance: 10,000 olins. This vilue is engraved
on thie panel.

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

Maximum Input Voltage: 230 volts rms {or de) for
P Centigrade rise of resistors in the input decade. This
‘-'.‘l[|ll”’ i."; l’.‘”l_{!':l\'l”i on ‘!ll“ ]}:ln\'l.

Resistance Cards: Tyri 510 (sce page 41). Unifilar
o miea for two decades, Third and fourth decades are
Avreton-Perry on phenolie eards.

Temperature Coefficient: Of the individual resistors,
loss than -F0,00297 per degree Centigrade. Since the
voltage ratio is determined by the ratio of resistors of
imilar l‘frl].\'li'lll'litlll, th[‘ t(\mp('r'iihlr'l- r-n:'{ﬁri:'n{ uf the
voltage ratio is, for practical purposes, very nearly zero

T

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

Terminals: Jack top binding posts with standard
34-ineh spacing at input and output, A separate ground
post is provided, so that the divider eirenit can be used
grounded or ungrounded, with the shield grounded.
Mounting: Aluminum panel and eabinet.
Dimensions: (Length) 153 x (width) 514 x (height)
3 inches, overall,

Net Weight: 711 pounds,

Code Waord

Priee

1454-A

| Decade Volfug;e Bividet: .cowq soi s | ABACK |

$135.00
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RESISTORS

TYPE 663 RESISTOR

\'n

TYPE 683-A RESISTOR

USES: T'he Tyrr 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 frequencies,

as circuit elements in bridges and similar

equipment, as terminating resistors for mateh-

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

DESCRIPTION: A straight picce of resistanc
wire is soldered to two flat metal plates, whiel
are mounted close together on a strip of
insulating material. A thin picce of micy
insulates the wire from the plates, except at
the soldered ends. This assembly is rigidly
clamped together with a top picce of insu-
l:llin;_f material,

FEATURES: > Very small residual inductance.
> Skin effect is kept at a minimum, and a
value of VL € is maintained that minimizes
the residual reactance as well as resistance
change with frequency.

> Power ili.\si]::llilm 15 j.il'{':nl]_\' aided 'I\_\' the
terminal fins,

SPECIFICATIONS

Accuracy: All units are adjusted within
Residual Inductance: See table below,
Skin Effect: Less than 19 below 50 Me
Temperature Coefficient: than
degree Centigrade,

Maximum Current: See

+19%.

Less +=0.0029, per

table below,

Inductance

i

Current wn

*h the r

od ns ter I:J!!l:1|--I

Terminals: The flat metal plates to whi
wire is attached

=tanace

are 1 and are both

slotted and drilled for 35<inch spacing.

Dimensions: (Length) 214 x (width) 115 inchies, Over-
all hieight 9¢ inch,

Net Weight: 2 ounces.

Warimum
Allowable

Iestistance Awmpires far 1 issi pation

1 jy g it Clins Microhonrys 5P O Rise in Walls Code Waord Price
663-A 1 0.0065 1.4 2,() PANIC $8.50
663-B 2 0013 1.0 2.0 PARTY 8.50
663-C 5 (LS 0.5 1.25 PATTY 8.50
663-D 10 00249 .35 1.22 PEDAL 8.50
663-E 20 0.2 ~O PENAL 8.50
663-F 50 (0.034 i1 bl PENNY 8.50
663-G 100 0,039 | 0,06 W30 PETTY 8.50

Curves showing ratio of effective resistance,

Tyer 63 Resistors mounted 7% inch above a

and equivalent series reactanee, to d-e resistanee versus froqueney, for th
1 |—i[|:':'; metal ;-:L!ll"l, One end was grounded to the panel, and the total

capacitance approximated the rather high value of 6.5 puf, which eould have been reduced if a low-capacitance mounting
were used.

MEGACYCLES

00

MEGACYCLES

GENERAL RADIO COMPANY



RESISTORS

TYPE 500 RESISTOR

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

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

FEATURES: > Convenient and accurate.

> Negligible thermal emf to copper.

> Low temperature coeflicient of resistance.
> Iixcellent high-frequency characteristies.

SPECIFICATIONS

Accuracy of Adjustment: -£0.059, ai the terminals,
except for the l-ohm unit, which is adjusted within
+0.159.

Frequency Characteristics: Similar to those of the
Tyee 510 Decade-Resistanee Units for resistance values
up to 600 ohms; somewhat better for higher resistances,
because 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 iz given in the table below
and is engraved on each unit.

Temperature Coefficient: Less than =£0.0029, per
degree Centigrade ot normal room temperature.

Type of Winding: Less Ythan 200 ohms,
200 ohms and higher, unifilar on thin mie

Avrton-Perry;
a cards.

Terminals: Both terminal screws and plugs are sup-
plied. Fach terminal stud is recessed as a jack to accom-
medate a plug. Standard 24-inch spacing is used.

Mounting: Black molded phenolic case 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 phenolie case is used. Both types are
sealed with 1 high-melting point wax, Two mounting holes
are provided, spaced 214 inches, for No. 16 drill,
Dimensions: (Length) 234 x (Width) 134 inches. Over-
all height, exclusive of plugs, 1 inch.

Net Weight: 2 ounces.

T'ype Resistance tn Olims Mazimum Current Code Waord Price
500-A 1 1.0 a RESISTIIRD ‘ $4.50
500-B 10 310 ma RESISTDESK 4,50
500-K 20 220 ma RESISTFILM 4,50
500-C 50 140 ma RESISTFORD 4.50
500-D 100 100 ma b ROG 4.50
500-E 200 70 ma RESISTGIRL 4.50
500-F 500 45 ma RESISTGOAT 4.50
500-G 600 40 ma RESISTUHOOD 4.50
500-H 1000 30 ma RESISTHYMN 4.50
500-L 2000 22 ma RESISTRELL l 4.50
500-M 5000 14 ma RESISTPIPE 4.50
500-J 10,000 10} ma RESTSTMILK 4.50
500-R 20,000 7T 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: Cieneral Radio Tyres 301, 371, 214, 471 and 314 pre-
cision wire-wound potentiometers arve listed on pages 226 through 229 of this catalog. A wide
range of resistances is available,
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STANDARD CAPACITORS

Frovne 1. The eqguivalent ecireuit of o variable air

1-:||a:|r'i|n|' €', I represents the series metallic resistunee,

Lothe induetance, and 6 the dielectrie conductance.

1. AIR-DIELECTRIC CAPACITORS

The characteristies of a properly designed
air ('.'|]}:1="ll:r1' :1[J||I'u:1t'l! Vvery n'ln.-'l'l_\' those of
an ideal cirenit element. Whether the t';l];:t['i—
tor 1s fixed or varable, a low temperature
cocllicient, low losses, and a high degree of
stability e¢an be achieved.

IFor many measurements, and over a wide
range of frequency, such a capacitor ean be
considered as having a terminal impedance
defined :-'n:h-l_\' fi_\' its electrostatic l':lI):li'iIlllll'l‘.
However, for the most aceurate measurements
at audio frequencies or for measurements at
radio frequencies, the small deviations from
ideal performance must be examined and
evaluated, IMigure 1 is an equivalent eireuit
showing the static I'.'Ili.'l['i]:l]ll'(‘ and the resid-
ual i.lll]!l'l!.‘l.ﬂl'l'.‘*' |'r-p|‘1'.~éf'rllin_=_" series (m(_'t:lmt_")
resistance, [ inductance, and shunt
(dielectrie) conduetance.

AL Tow frequencies only the conductance
() need be considered. This component repre-
sents (a) the dielectrie losses in the supports,
(b) the losses in the air dielectrie, and (¢) the
d-¢ leakage conductance, The effeet of the
leakage conductance is negligible at frequen-
cies above a few cveles, and is ordinarily of
importance only when the eapacitor is used
at :]('. || for l'h:ll';il' slorage. bl‘h(' losses n the
air diclectrie are nl-:.'.'li,'_’.ii::t' under conditions
of moderate humidity and temperature. The
diclectrie losses in the insulating strueture give
rise to an eflective conductance component
which ordinarily inereases direetly with fre-
quency (i.e., the dissipation factor of the
insulation is approximately constant with
frequency).

SCres

The dissipation factor of the capacitor is
defined as
(r

D= = (1)

48 GENERAL
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It will be seen from (1) that —, the produet

(3]
ul' [':;{J:!t'h::!lt':- ::lul 1““5]!:':.’11”1 l'.‘n-hn:', [H il]‘il'—
pendent of C. Accordingly, this product is «
convenient figure of merit for varnable ar
capacitors, as it is independent of the selting
ol i}w f'.'|!|.'lt'il|lt',

Az [Il'{'tlllt‘lll'_\' I8 ]:]'1|g‘|'1'.-:~'l'. l']\\' increased, the
impedances of & and L become significan
compared to the reactance of € and must b
taken into account.,

£ vepresents the metallie resistance in th
]{‘.‘l(].‘-‘, _-1..'11'|\ SUPPorts, and ]!]:livrl, I m‘:“n:lr'i]_\
is not significant except at frequencies wher
skin effect is essentially complete, under whicl
condition its value varies as the square root ol
frequeney, The total dissipation factor of thi
capacitor when the resistance R is taken int
account is

0

Iy “.('_é [lwC

L represents the inductance of the eurrent
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 eapacitor. The variation

Frovur 2. The amount ]-_\' which the effective termina

cupaecitanee of g ]-:1'l'i~i|-:| LR R L itor (iffers from the

frequency vialues, plotted as a funetion of stitic eapaei-
rance (dial readings) for various frequencies. The plos
shown i= for Tyere 722-N, whose series induectance i-

approximately 024 wh, Tyees 722-1 and 722-M have

approsimately three times as much series inductance

Their performance can be estimated from the plot by
entering ut three times the capacitanee, or at 1.7 times
the frequeney.

CAPACITANCE RISE IN %

STATIC GCAPACITANGE IN ppt
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i elfective terminal eapacitance caused by L
= L'i‘- 1 i'!_\' 'Ii!l‘ l'N!lT't‘.‘-“iHII

C
1 — «*LC

Viarviations of O, for a T'yee 722 Precision
Capaecitor are given in Figure 2 as a funcetion
ob frequency, for various sellimgs.

2. FIXED SOLID-DIELECTRIC CAPACITORS

The sume residual impedances shown in
Figure | for air eapacitors are present in solid-
dielectrie eapacitors, but, beeause of a different
mechanical structure and beeause the l‘:|}).‘tf'i—
tance 1s concentrated in the solid dielectrie,
their relative magnitudes arve dilferent.

The elfects of interfacial polarization in the
diclectrie are shown by the low-frequeney
portions of Figure 3. a and b, On these log-log
plots the slope of the lines is characteristic of
the dielectrie material, At very low frequencies,
the d-¢ leakage conductanee adds a component
to the t“r-\'i;mf!un factor., but does not aflfect
capacitance. 1t is normally negligible, even at
10 I'I\IE']l‘." poer .‘-l.'('l:II'l.

At high frequencies, the series residuals
=use dissipation factor to inerease as the 3 2
power of frequeney. while the fractional change
in capacitance inereases as the square of fre-
jueney (See Fqguation 3).

Fractional ('Il:lll_'_'(' in t':l]l:ll'it:lllt'!‘ and dissi-

frequency, of eapacitance,

hattam), of a fixed =olid-

$
d
&
-
3
=]

100 1000 10000
FREQUENCY IN XILOCYCLES

GENERAL

CAPACITORS

pation factor each have a minimum value,
which oceurs at a ]I['l't!l[l'lil'_\‘ that varies in-
versely with v::p:u‘i[:xllv:' and that ean be as
low as 1 ke and as high as 10 Me, For small
l'.’lI]:l('il:lll['[':‘i_ \\'}l"l‘i" il](" i'llllf'f‘] Hll ."‘{']-i(‘.‘: |'(':"i.“i—
ance appewars only at very high frequencies, a
residual  polarization, having a  dissipation
factor constant with frequeney, sets a mini-
mum value for dissipation factor. 1t is also in
this frequency range around 1 Me that the
effect of l“!!l]!l' |)|l!:1!'i'.€.’t1 ion oceurs, Dieleetries
ovdinarily used for eapacitors rarely show the
elfects of this polarization,

Frsvne 5. Fguivalent circuit of a Tyre 219 Decade
Condenser.

When (':l]):u"llnl‘:: are assembled i]||n:i|lf'::11:\:~',
as in the Tyre 380 Decade-Capacitor Units,
the series residuals are mereased by the switch
as shown i Fieure 4. There is also o terminal
l’:l})lll‘“.’lllt'l' with dieleetrie |
bling of several decades into a T'yvee 219
Decade Condenser adds more series residuals
and more terminal capacitanee, as shown in
l“ij..{lll'i- 5. The solution of these more com-
plicated networks is discussed in the General
Radio  Feperimenter, Vol XVII, No. 5,
October 1942,

Because there is no frequeney at which
capacitance has reached a constant value,
cach General Radio l':!!):::-illr:‘ 1= :u]jllﬂt‘il Lo
have its nominal value of capacitance at 1 ke.

oss, The assem-
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CAPACITORS

TYPE 722

PRECISION CAPACITOR

USES: The Tyrr 722 Precision Capacitor is o
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 a 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 cast 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 mechanical strength of brass
with the weight of aluminum. The plates
are also of 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 eceentricity that occurs 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-lubricating 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 eleetrical contact.

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

FEATURES: > Iigh stability.

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

> High accuracy.

> Low backlash.

> Low temperature cocfficient of capacitance,
> Low dielectric losses.

> Direct reading in capacitance,

SPECIFICATIONS

Capacitance Range: Three stock models are available,
Tyer 722-D, direct reading in total capacitance; and
Tyer 722-MD and Tyre 722-ME, direct reading in
:n'lp:u'il:nw(' remoced from the l'{\p:u'ilﬂr and intended
for use in eapacitance measurement by the direet sub-
stitution method. Ranges and aceuracies are tabulated
helow,

Direct- Approximate
Capacitance Reading Capacilance
T'.’HJ- Ra nfge, y.uf Aeccu racy al Zero ;m;"
100 to 1150 | =1 ppd 0,19
7220 25 10 115 | 0.2 ppl +0.17
010 1050 | 21 puf =019 1140
722-MD | 0to 105 | 0.2 puf 0.19; 135
[ 010 105 | £0.2 pgul £0.1% 145
FRAUMNE |1 0to 10,5 | 4005 pul 20,14 35

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

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

CAPACITORS

corrections at multiples of 1, 10 or 100 uuf, depending on
the total eapaeitance of the ecapacitor. Accuracies
obtainable through the use of these charts are as follows:

Aceurucy after correction is applicd

Type Range, puf Total Capacitance
/100 to 1150 +0.19 or 0.4 puf= [
7228 \ 2510 115 +0.1% or £0.08 uuf*
[ 0to 1050 +0.1% or 0.4 puf*
722-MD 0 to 105 0,190 or 4-0.08 puf#
i
0 to 105 4017 or £0.08 pul#
T22-ME { 0 to 10.5 +0.1 or 40.02 yuf*

Ca pacitance Differences

+0.19 or £0.8 uuf*
+0.19, or 0,16 ppuf*
H+019 or 0.8 uuf*
4019, or 016 puf#

+0.15 or 40,16 upf®
4019, or 20,04 gpuf*

Overall Usable Accuracy: The accuracies stated above
can be attained in practice only if an aceeptable standard
technique is used by the operator to connect the capacitor
into a measuring eircuit. Otherwise, the usable accuracy
at the eapacitor terminals may be limited to approxi-
mately =41 puf. (See description on page 53 under Tyre
1401 or General Radio Ezperimenter, Vol. XXI, No, 12,

tFrom any zero dial setting.  *Whichever is greatoer,

May 1947, for a complete diseussion of connection errors.)
Worm Correction Calibration: Corrections for the
slight residual eccentricity 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 than the guaranteed
accuracies, which are stated below.

Aecuracy afler worm correction iz applied

Tuype Range, puf Total Capucilance Ca ,r;r;'-f._fu.m:ef i ffcr-”-nr:c.s‘
729.D 1100 to 1150 +0.19, or 2=0.1 uuf* +0.19, or 0.2  puf*
25 10 115 0.1, or =002 uuf* =40.17 or £0.04 ppuf*

722-MD [0 to 1050 ﬂ:n.lf’-;_: or 0.1 puf#* +0.19 or 0.2 puf*
1 0to 105 : +0.19, or =4=0.02 puf* 0.1, or 20,04 upf*

722-ME 0 to 105 +0.19 or 2:0.02 puf* | 4017 or 40.04 ppf*
0 1o 105 L0199, or £0.005 puf* S0.19 or 40,01 ppf*

{Diffcrences from any zero dial setting.

Maximum Voltage: All models, 1000 volts, peak.
Dielectric Supports: Bars of low-loss steatite support
the stator assemblies, and conieal polystyrene bushings
insulate the terminals from the panel. Quartz hars, 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 puf for steatite insulation and 0.003
upf for quartz.

Residual Parameters: Effcctive szeries induetance is
approximately 0,06 gh for all high-capaecitance sections
and 0.10 for low-capacitance sections. Lffective series
resistance at 1 Me is approximately 0.02Q for high-
capacitance  sections and  0.03¢ for low-capacitance
seetions, The series resistanee varies as the square root
of the frequency. Its effect is negligible below 100 ke.

“Whichever is greater.

Frequency Characteristic: See TFigure 2, page 48, for
plot of variation of eapacitance with frequency.
Temperature Coefficient of Capacitance: Approxi-
mately —+0.0029% per degree Centigrade, for small tem-
perature changes.

Backlash: Less than one-halfl division. corresponding to
0.01%, of full seale value. If the desired setting is always
approached in the direetion of inereasing scale 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 capacitor is mounted on an alwminum
panel finished in black erackle lacquer and enclosed in a
shielded walnut cabinet. A wooden storage ease with lock
and earrying handle is supplied.

Dimensions: Panel, 8 x 915 inches; depth, 84 inches.
Weight: 1015 pounds; 19%4 pounds with carryving case,

YL - ) ( ‘ma’f'_ll.'nrd _!’r'?'m!—_
722-D Precision Capacilor:. cucwinsiany avvmain i CRUEL $205.00
722-MD | Precision Capacitor ... ............... S CYNIC 205.00
722-ME Precision Capacitor . . . .. I sviE 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, crueLwonmy, ete.
QUARTZ INSULATION
Any Typr 722 Precigion Capacitor can he obtained with quartz insulation.

Type ) Code Word Price
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

GENERAL RADIO COMPANY
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CAPACITORS

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 hrought out in the conventional
manner. Connection is made at the eenter of
both plate stacks to minimize residual induct-
ance and resistance.

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

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

as good and the dieleetrie losses nearly as low

as in the other Tyre 722 Capacitors,

SPECIFICATIONS

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

PPrecision

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

T upe

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 aceuracy stated below.

When the worm correction is used, the capacitance ean
be determined within £=0.19; or 0.1 uuf, whichever is
the greater, and eapacitance differences ean be measured
to an accuracy of #=0.19 or #=0.2 uuf, 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 a special order. See price list on preceding page.
Dielectric Losses: The figure of merit, D' (dissipation
factor times eapacitance), when measured at 1 ke, is
approximately 0,05 puf, (See discussion on page 48.)
Other Residual Parameters: The series metallic resist-
ance iz about 0.008 ohm at 1 megaecyvele and increase
direetly as the square root of the frequeney. The dieleetrie
and metallic losses are approximately equal at a setting of
1000 puf and a frequeney of 1 Me.,

The series inductanee is approximately 0,024 gh. The
inerease in capacitance eaused by this induetance reaches
109 at a setting of 1000 puf and a frequeney of 10 Me,

At smaller eapacitanee zettings the effects of residual
parmmeters are less, The equal division of losses ocenrs at
20 Me for a setting of 100 puf and the 109, capacitance
rise occurs at 30 Me for the same setting,

Frequency Characteristic: Sce [igure 2, page 48, for
plot of variation of capacitanece with frequeney.
Dimensions: Panel, 8 x 915 inches; depth, 814 inches.
Net Weight: 1114 pounds; 2014 pounds with carryving
ease,

Other specifications are identical with those of Tyer
722-D, page 50,

s

722-N
Worm-Correction Calibration ... ..
When ordering, use compound code word, BOXERWORMY.

| 100 to 1100 ppf, direct reading

(Code Ward Price -
........ BOXER | $180.00
& o T WORMY 50.00
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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 by a low loss (9695 quartz) mounting
plate, attached to an aluminum casting. This
casting, together with the eylindrical alumi-
num ease, provides a dust-free enclosure and
a4 complete shield. The low, or ground, side of
the capacitor is connected to this shield. Three
supporting rods are used for each of the plate
assemblies, assuring a high degree of rigidity
and stability. As in the Tyer 722 Precision
Capacitor, all plates, rods and spacers are
aluminum to reduce thermal stresses.

FEATURES: » ITigh accuracy.
> Low temperature cocflicient.
» Low Losses.

> Lxecellent stability.

> Convenient size.

SPECIFICATIONS

Capacitance: Tour sizes are availuble, 100, 200, 500, Dimensions: Diwmeter, 31 inches; height, over-all,
and 1000 guf, 414 inches.

Terminals: T'yre 938 jack-top binding posts on standard Net Weight: One pound.

4i-ineh spacing, A pair of double-ended plugs is supplied

to facilitate connection to jack-top binding posts. IT these Variation with frequeney of effective terminal capacitance
plugs are added to the capacitor, the capacitance is in- due to residual inductance for ecach unit,

creased by 0035 puf when the unit is plugged into General
Radio Tyre 938 Binding Posts with one post grounded,
s on the Type 716-C Capacitance Bridge.
Accuracy: Iiach eapacitor is adjusted to + (0,19, + 0.1
auf) at 1 ke, and a certificate of calibration is included.
[hiz accuraey applies for direet substitution measure-
ments when connection to the ecapacitor is made by fine
wires:- Lead to the low binding post through its hole and
parallel to the panel. High lead bent so it approaches the
igh binding post top perpendicular to the panel. Initial
halanee is made with this wire r;]:lc-t-fl Li-ineh, and final
balanee with it touehing the top of the post, For other
methods of conneetion, an  uncertainty approaching
luf may be introdueed.
Maximum Voltage: IF'or T'yers 1401-A, B3, C and D the
naximum peak voltage is 1500, 1200, 900 and 700 re-
-|1|'|'l;.\'l.'|_\'.
Dielectric Supports: Plate assemblies are supported by
dew-loss (U967, quartz) material. Polystyrene bushings
insulate the binding posts,
Residual Impedances: The series induectance of all
mits is approximately 0.05 gh. The variation in effective
terminal eapacitance eaused by this induetance is shown
in the accompanying plot.

The metallic resistance of all units is approximately
27 @ at one megacyele. The series resistance varies as
the square root of frequency above about 100 ke.

FREQUENCY [N MEGACYCLES

T'ype Capacilanee Code Word Price

1401-A TOO BikEcws svmmwmianssms simiesinmins wmeim HABIT $37.00
1401-B L T HONOR 38.00
1401-C SO0 L o Daghaos iaiE S s HOLLY 40.00
1401-D 1000 Pt s maamve v vassaeis s HANDY 45.00

Note: Tyre 1428 Variable Air Capacitors can be found on page 232 in the Parts and Aceessories seetion of this eatalog.,
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TYPE 505
CAPACITOR

USES: The Tyrr 505 Capacitors are used as
sccondary 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 miea and foil pile, which is held by a heavy
metal elamp for mechanical rigidity. This
clamp is not connected to cither eapacitor

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

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

> Dielectrie is best, selected, India, ruby miea.
> 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 factor
and leakage conductance.

convenient, aeeu-

SPECIFICATIONS

Accuracy of Adjustment: 197 or £10 uuf, whichever
is the larger.

Temperature Coefficient: Approximately 0,003
per degree Centigrade between 10° and 50° Centigrade.
Calibration is made at 25° C,

Dissipation Factor: Less than 0.0005 for all except the
three smallest units, measured at 1 ke and at 25° Centi-
grade. For the Tyres 505-A, 50513, and 505-1%, less than
0.0010, 0.0008, and 0.0006, respeetively. A change of
about -£5% of its value oceurs in the dissipation factor
for a temperature rise of 1° Centigrade.

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

Leakage Resistance: Greater than 100,000 megohms,
when measured at 500 volts, exeept for the Tyres 505-17
and 505-X, for which it is greater than 50,000 and 20,000
megohms, respectively,

Maximum Voltage: In the table the voltages shown
hold helow the tabulated |i||lili|:r,: Frl-qut'n(‘iu-.a:. At higher

.Ir"r'ru.:uﬂ t

frequencies the allowable voltage decreases and is in-
\.‘N'ﬂ'f_\ proport ional to the sunre root of the fl':-ip;l-m-_\
These limits correspond to a temperature rise of 4(0°
Centigrade for a power dissipation of 1 watt for the small
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 capaeitor.
Mounting: Mica-filled, low-loss |J1|l‘llnli<' CHses,
Dimensions: See sketeh. Over-all height, 194 inehes for
lurge case, 1 inch for small case, exclusive of plugs.

Net Weight: See table,

2 MTG. HOLES ~
NO.I6 DRILL IN N
SMALL CASE

NO. 18 DRILL
IN LARGE CASE | [

o
2 MTG.HOLES ‘

el Wetght

Twpe (apirettane Peal: Volls in ke in Oitnees Codde Waord Price
505-A 100 ppf 00 2000 4 CONDENALLY 5.00
505-B 200 ppf 700 1000 4 CONDENRELL 5.00
505-E 500 ppf S00 1000 4 CONDENCOAT 5.00
505-F 0.001 pf S00 SO0 4 CONDENDIRAM 5.00
505-G 0.002 pf 00 1] ] COXDENEYNE 5.00
505-K 0.005 pf 500 160 5 CONDEXFACT 7.50
505-L 0.01 puf K00 S0 2 CONDENGIRL 7.50
505-M 0.02 pf S0 ] G CONBENILEAD 10.00
‘505-R 0.05 pf a0 ] 11 CONDENCALM 12.00

‘505-T 0.1 pf S0 20 12 CONDENCIROW 16.00
'505-U 0.2 pf A0 10 13 CONDENWIIE 22.00
*505-X 0.5 pf | 500 | 4 15 CONDENWILT | 35.00

*Mounted in lnrge case.

TYPE 509 STANDARD CAPACITOR

USES: These capacitors are fixed standards
for laboratory use. When they are used in
conjunction with a T'vee 722-1) or a Type
722-M Precision Capacitor in a parallel sub-

54

stitution method of measurement, precise
measurements of capacitance up to several
microfarads can be made. For eapuaeitor manu-
facturers who maintain a capacitance stand-
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ardization laboratory, a set of T'yre 509
Standard Capacitors used with a Tyer 716-C
Capaeitance Bridge, is recommended.

DESCRIPTION: liach TI'vre 509 Standard
Capacitor consists of two Tyre 505 Capacitor
units which have been put through an addi-
tional aging process. The final aceuracy and
stability are thus inecreased markedly. The
units are mounted in cast aluminum cases and
are [urnished with jack-top binding posts.
(Case is grounded to one terminal.
FEATURES: > Stability within +0.19; is ob-
tained by earefully controlled aging.

» An accurate calibration, within 40.19, is
furnished with each unit.

> Plug-in terminals are arranged for con-

CAPACITORS

venience In using the capacitors. Several units
qan be stacked one upon the other without
the use of leads and without cumulative error.

SPECIFICATIONS

Accuracy of Adjustment: Within +0.259;
nominal I'.".;l'lt'il':lrlt'l' value l’tl_'_:.':t\‘l'll on the .
Accuracy of Calibration: After each capacitor has

D :l.gu-'_l, :n}_luhh--!. and mounted, its l'ili):lt'iT:llll'{' s

of the

earefully measured and the value of capaecitance at 1 ke
and 257 C, acenrate within ==0.195, is entered on a certifi-
eate of ealibration which is packed with ench unit.
Stability: Over reasonable periods of time (at least one
vear! each eapaecitor will maintain its ealibrated value
0,19,
Temperature Coefficient: Approximately -0.00377
per degree Centigrade between 107 and 50° Centigrade.
Dissipation Factor: Less than 0.0005 when measured
at 1 ke and 25° Centigrade. See D curves below,
Frequency Characteristics: Sce plots below. Values of
series induetanee and series resistance at 1 Me are given

within

when measured at 500 volts, exeept for the Tyers 500-U,
S500-X, and 300-Y. for which it is greater than 50,000,
20,000, and 10,000 megohms, respectively.

Maximum Voltage: 500 volts peak at frequencies below
the limiting frequencies tabulated below, At higher fre-
quencies the allowable voltage decrease

il is inversely

proportional to the square root of the frequeney, Tl

limits correspond to o temperature rise of 40° Centigrade
sinall ense and

for a power dissipation of 3 watts for the

5 watts for the large,
Mounting: Cast aluminum eases with rubber feet.
Terminals: Two jack-top binding posts spaced 3
inch apart One rinal is
|{:'0|11I||l>s1, and the other one is insulated }I_\ means of a
low-loss phenolie bushing.

Dimensions: Small case, (]

an

anre '.:llll]:l'll'll on the case. tor

mgth) 444 inches x (width

in the table below, Thiz resistance varies as the square 2L5 inches x (height) 1"5 inches, over-all, Large ease,
root of the frequeney for frequencies above 100 ke. (length) 6 inches x (width) 32§ inches x (heighty 2%g
Leakage Resistance: Greater than 100,000 megohms inches, over-all.
Series Resistance Wetght
Capacilance Peal: Fre quency Iniductance tr ofims in
Type i uf Volls in ke ire mh at 1 Me pounds Code Word Price
509-F 0.001 300 2500 0065 0.040 GooncoNsoy | $30.00
509-G | 0.002 H00 1250 0,065 0040 GOODCONIUG 30.00
509-K 0.005 500 500 0.035 0.020 GOODCONCAT | 30.00
509-L 0.01 500 250 0.0 0.020 GOODCONDOG 30.00
509-M 0.02 300 125 0,035 0.020 GOODBCONEYE 32.50
*509-R 0.05 200 S0 (L0410 0.4025 GOODCONPIG 35.00
“509-T 0.1 S00 40 (.010 0.025 GOODCONIOD 39.00
*509-U 0.2 500 2(0) 0.040 0.025 GOODCONSIN 42.00
“509-X 0.5 H00 = 0,040 0.025 GOODCONSUM 56.00
“509-Y 1.0 500 | 4 0.050) 0,030 | GOODBCONTOR 85.00

*Mounted in large ense,

L¢ _<'r

Changoe in eapacitance as a function of frequency. These changes are referred to the values which the eapacitors

would have if there were neither interfacial p()[uT‘I:{rL: ion nor series inductance. Sinee the l‘::1l.’u‘il‘ﬂt’~ are adjusted to their

nominnl
(Right) Dissi

values at 1 ke, the 1-ke value on the plot should be

factor as a function of frequeney.

used as a basis of reference in estimating frequeney errors,

Charaecteristics of Tyre 505 Capacitors are simi
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TYPE 219 DECADE CONDENSER

USES: The Tyre 219 Decade Condensers find
uses in every laboratory as tuned cireuit ele-
ments, bridge impedances, filter elements, or
as components of any eircuit where a wide-
range variable eapacitor is necessary,

DESCRIPTION: The Tyrr 219 Decade Con-
densers are assemblies of three Typr 380
Decade-Capacitor Units mounted in a shielded
cabinet. Each decade has eleven positions, 0 Lo
10 inclusive, so that the decades overlap. A
positive detent mechanism allows the switeh
to be set aceurately,

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

> Accuracy sufficient for most laboratory
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
employing mica-dicleetrie capacitors on all
decades except the 0.1-microfarad decade of
the Typr 219-0M.

> Mica dielectric is used throughout the
Tyrre 219-IK, which can therefore be used
where the comparatively high Josses of paper
capacitors cannot be tolerated.

> Low-loss switches.

SPECIFICATIONS

Accuracy: All units are accurate for capacitance incre-
ments within =19, except the O.l-microfarad deeade of
the Tyre 219-M which is within 200, The zero capaei-
tance of the Tyer 219-K is 46 upf and of the Tyer 219-M
is 41 pul.

Dissipation Factor: The dissipation factor for the
individual deeades is given in the speeilieations for the
Tyre 380 Deeade-Capacitor Units,

QuBuh - 0.0150 0.10uh Q.01

Residual impedances in the Tyee 219 Decade
Condenser.

Type Capacitance

219-K | 1.110 pfin 0.001 pf steps . .

_ ;\io. of Dials

Maximum WVoltage: These values for the different
decades are given in the speeifications for the Tyer 350
Deeade-Caparcitor Units. The limiting values for the
different Tyee 219 Deecade Condensers are engraved on
the |r:1rll’;.

Frequency Characteristics: The variation of capaei-
tance and dissipation factor with frequeney is similar to
that shown on page 55 for Tyer 350 Deeade-Clapaeitor
Iinits, modified by the additional residual impedances
shown in the aceompanying zketeh. Detailed deserip-
tions of these frequeney charneteristies are given in the
(feneral Radio Experimenter, Vol. XVII, No. 5, Octoher
1942,

Terminals: Standard juck-top binding posts with a
dq-ineh 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: Tyres 219-K and 219-M, (length) 1394 <
(width) 515 x (height) 575 inches.

Net Weight: Tyee 219-I, 1034 pounds; Typer 219-)M

R35 pounds.

Type 380
Decades [Tsed

F, M, N

Cade Ward Price

$175.00

CROBS

219-M | 1.110 pfin 0.001 pf steps . .| 3 L, M, N 105.00
Nole: Other decades: Decade Resistors, page 40. Decade Inductors, page 63.

BRIELR
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TYPE 380 DECADE-CAPACITOR UNIT

Ty
4 ogo\g'.’:ﬂ?
®

Tyre 350-F

USES: The Tyre 380 Decade-Capacitor Units
we extremely useful as elements in tuned
drenit=s, wave [ilters, and other experimental
or permanent equipment where a rather large
arinble ('.‘i]):u‘ﬂ:lnr(‘ is desired. '|'|i('_\’ are also
nselul in oscillators, analyzers, amplifiers, and
gmilar apparatus, (“-']]l'l'i:l”_\' during the pre-

Tyre 350-M

liminary design  period when  capacitance
values are to be determined by experiment.

DESCRIPTION: Iuch decade 15 an assembly of
four individual miea or paper capacitors of
magnitudes in the ratio 1, 2, 3, 4. A selector
switeh is arranged to conneet parallel com-
binations of the units so that any value be-
tween 1 and 10 mayv be obtained.

The switeh is of rigid construetion and
carrvies o detent mechanism for positive loea-
tion of the switeh positions. A phenolie shaft
15 ll.‘-l'll. andd contact is made IJ.\' menns of cams
bearing on phosphor-hronze springs. A brass
shaft bushing iz molded in. This switeh to-
;),‘t‘T'I('!‘ with dial ]11:1[1' and knob is available
separately as the Tyre 380-P3. (See price list.

Al standard units are furnished complete
with knob. llEIlllll—!'l"ili'll dial !)[::lt- with 30
detent prhilinll.\:. and stops.

FEATURES: > Stability is obtained by eareful
selection and aging of the component capaci-
1Ors,

> The Tyrr 380-I" is a high-quality deeade
employing T'yre 505 Capacitors.

> Thorough mmpregnation during winding.
with molten ceresin, is given the paper capzci-
tors used in the Tyre 380-L. A non-inductive

Left) Rear view of Type 350-N.
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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

capacitanee that occur at high frequencies
when only the one end of each foil is con-
nected.

SPECIFICATIONS

Accuracy: Capacitance inerements on all units are
within :_]r‘:_ when measured at 1 ke except the Tyre
380-L, which is accurate within =2%. The units are
cheeked with the switeh mechanism high, electrically,
and the conunon lead and caze grounded. The zero capaei-
tance of all units is 11 pufl and must be added to the
switeh settings to give the total l':L!}.‘!"i?:th'(‘.
Dielectric: The Tyrr 380-17 is made up of Tyer 505
Capacitors which have miea as the dielectrie. The Tyer
380-L uses ceresin-impregnated  linen-paper eapacitor
units, while the Typer 330-M and Tyree 380-N use mica
capacitors molded 1n phenolic cases.

Dissipation Factor: The dizsipation 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 plot below. The rise
in both eapacitance and dissipation faector is caused at
low [requencies by interfacial polarization and at high
frequencies by series induetanece and resistance. Values
for these residual parameters are given in the General
Radio Experimenter, Yol. XVII, No, 5, October 1942,
Maximum Voltage: 500 volts peak for Type 380-1" and
300 volts peak for all other units at frequencies below the
limiting frequencies tabulated below. At higher frequen-
cies the allowable voltage deereases and 15 inversely pro-
» limits
ade for a power

portional to the square root of the frequency. Tl

correspond to a temperature of 407 Cent

dissipation of 2.5 watts for the Tyves 380-1" and 3.5 watts
for all other units,

Dissipation
Factor

Type Crpacifance

380-F | 1.0 pfin0.1
380-L | 1.0 pfin0.1 pfsteps

380-M 0.1 pfin0.01 pfsteps |
380-N 0.01 pfin 0.001 pf steps |

380-P3

If steps

0.0005 5 ke
0.010
0.001
0.002

Switchionly ...oovui i way

! For J60-For

\
MAX PANE

NESS = 168

Over-all dimensions of Tyre 380 Decade-Capacitor Units.
While all models use the same switeh mechanism, the
Type 3
capacitors which are mounted on both sides of the switeh,

30-1" !'('!]‘!':l‘c.-.i additional space beeause of the large

Terminals: Ilexible, rubber-insulated leads are pro-
vided.

Mcunting: Machine serews for .'l|:.'l!"|li!|;’: the deecade to
a panel are Hlli),‘.l”\!i'-

Dimensions: Tyre 330-1", panel space, 474 < 414 inches:
behind panel, 4 inches. Tyrees 350-L, 380-M, and 380-N
see accompanying sketeh

Net Weight: Tyer 350-IY, 3 pounds, 12 ounces; Tyres
380-L and 380-M, 1Y% pounds; Tyee 380-N, 1 pound,

6 ounces.

Frequeney Limit

Jor Mazx. Vallage Code Ward Price

$95.00
25.00

ACUTE
1 ke ADAGE

100 ke ADDER 34.00
1000 ke ADDLE 24.00
.................... SWITCLHFORD | 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 frequeney. The capacitance eurves

are referred to the value the capacitor would have il there were no interfacial polarization and no series induetance
Since the eapacitors 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 estimating the frequeney error.

(ftight) Dissipation factor as a function of frequency.

FREQUENCY
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STANDARD INDUCTORS

The desirable attributes of any inductor to be used
a laboratory standard inelude:

(1) High stability of inductance value.

2) Small variation of inductance with frequency.

3) Small variation of induetance with current.

4 H'l;_:]l ratio of inductive reactance to resistance
it the desired operating frequency.

5) Low temperature coefficient.

(6) Reasonable physical size.

7) High degree of astatieity,

On the Iu]!m\m‘r pages are deseribed a number of
both fixed and variable inductors re presenting different
cconomic compromises among the above factors,

Fisune A, Equivalent
cireuit of an  air-cored
inductor L.

AIR-CORED INDUCTORS

High stability and small variation of inductance
with frequeney and current arve best met by air-cored
inductors, as excmplified by the Tyer 1182 Primary
Standard Inductors. In such an inductor, stability of
inductance depends entirely upon the dimensional
stability of the coil structure and, with proper design,
constaney of inductance to a few hundredths per cent
can be expected over a period of vears. Exeept for
small and usually negligible variations due to skin
efiect the only change of inductance with frequency
is produced by the distributed capacitance, Co, of
the coil, which causes the effective series induet: ance
to increase above the geometric or “‘zero frequency”
valne, L, as the natural frequent , 18 approached,
At resonance the product w®LCy is unity. For
frequencies  well  below  resomance, the effective

inductand
]_(,:')'f I — w00

and the fractional increase is approximately

):,L : (J ) = @' L%

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
“ohmic™ or /202, loss trom the series resistance of the
winding, (b) a loss in the copper eaused by eddy cur-
rents, and (e} dielectric losses in the insulation. An
cquivalent cireuit taking these losses into account is
shown in Figure A.

The effects of the various loss components are most
sily represented by the plot of dissipation factor
Figure 3. In logarithmic coordi-
es, 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-e
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
the distributed capacitance of the winding produces
Dy which is proportional to the square of the fre quency
within the ificant runge where 1y is independent
of frequency. Note that D, reaches the value Do at fo.
[he total dissipation factor, 1), is the sum of these
three components and has o minimum value which
oceurs well below the natural frequency, fo, of the
inductor.

It will be observed that at low frequencies the dis
pation factor, D, is determined entirely by series re-

AL

against frequen

o

sistance, while at h!Lh 'lm[m neies the e:f(]\ current

and dielectrie losses p!vliumm e,

The minimum value of dissipation factor obtainable
depends upon the geometry ol the coil and upon the
diameter of the wire, Insulated stranded wire (Litzen-
draht) is frequently emploved to reduce D, by using
small individual wirve diameters,

IRON-CORED INDUCTORS

A larger induetance ean be oblained in o given
volume or with a given amount of copper il o core
material ol high permeability is used. The term “iron”
is used loosely and generieally to identify sueh ferro-
magnetic  materia although  these muterials e
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 a calibrated
standard. Stability s ordinarily reduced, sinee the
inductance depends not only on geometry but also on
the permeability of the core material. This perme:
bility will vary somewhat with euwrrent, beeause of its
inherent change with magnetizing foree, and may also
be subject to a slight aging. By proper design and
choice of core material, as exemplified by the Typees
940, 1490, and 1481, induetors satisfuctory as second-
ary standards and as adjustable decade elements can
be realized.

In an iron-cored inductor, lower values of D, and
D). ean be obtained, due to the increase of effective
permeability, while Do remains unchanged and fo is
reduced somewhat. Three other linear core components
of dissipation fnctor must be added to the winding
components shown in Figure B, Iddy currents in the
core produce a component, D,, which, like D,
direetly proportional to the frequency and which is
minimized in o dust core made by molding fine iron
powder in an insulating binder, However, by the use
of fine wire, 12, can be made negligible compared to
D.. The hyster component of dissipation factor,
Dy, is independent of Irequeney but, sinee it is pro-
portional to the magnetizing loree, it becomes vanish-
ingly small as the operating level npproaches zero
(initinl permenbility), The relatively small component,
De, vaused by residual losses in the iron is constant
with frequeney and, like £y, would be represented by
a horizontal line in Figure 3.

W

Freere B, Dissipation factor varistion with frequency
:-'|1u\\in5_' the relative contributions of the several loss
components.
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INDUCTORS

TYPE 1482 STANDARD INDUCTOR

USES: The Tyre 1482 Standard Inductor is an
accurate and highly stable standard of self-
inductance for use as a primary standard in
the laboratory and as a precise working
standard in impedance measurements at audio
requencies.

DESCRIPTION: Euach inductor is a symmetri-
cally wound toroid on a ceramic core. It has
SPECIF

Inductance Range: 100 gh to 10 h inclusive.
Temperature GCoefficient of Inductance: Approxi-
mately 30 parts in 10° per degree O Minute temperature
corrections may be computed from d-e resistance.
Accuracy: Nominal lmits of adjustinent, see table.
Limits of measured certificate value, equivalent to Bu,
Stds, eertification, see table.

a negligible external magnetic 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 a potting com-
pound into a cubical aluminum case.

Three terminals are provided, two for the
inductor leads and the third connected to the
case to afford 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 corrections
applicable at 200 ¢, 500 ¢ and 1 ke and other
pertinent data.

FEATURES: » IHigh stability of inductance.

> Iree from mounting strains and humidify
eTTOoTS,

> Inductance independent of voltage.
» Precisely adjusted and accurately
brated at specified room temperature.
> Highly and electrostatically
shielded.

> Low and known temperature coefficient.

sali-

astatic,

ICATIONS

Resonant Frequency: See table.
Maximum Input Power: Ior 207 (. rise, 3 watls,
TFor precise work, 1.5% C. rise, 200 milliwatts. See table
for corresponding current limitations,
Mounting: Aluminum eabinet with es
rubber feet, black ecrackle finish,
tached 1o base of cabinet.

rrving handle and
Certificate data at-

D-C Resistance: See table for approximate values, Terminals: Two insulated jack-top terminals, plus
Low-Frequency Dissipation Factor: At low frequen- ground terminal and strap.
cies, the dissipation factor (essentially from d-c resistance) Dimensions: (614" x 614" x 8 height over-all.
is given approximately by D= K/f. See table for K. Weight: 1114 pounds,
Nominal _-\;nfm:‘rmf (!‘f:;:[ ri:{;;‘i : ;ffei?S(: rima! 1 .f_f:{)-C ‘ K M -.'ij-f.u mperes Code
Type | Inductance i Value kequenely | Ressatangy Values |, "8/ Word Price
% % ke ohms 200mwe Sw oL
1482-B 100 pth +0.25 =4:0.10 3500 0.29 460 | 830 3200 | INDUCTOTAG $60.00
1482-C 200 ph +0.25 +0.05 2150 0.39 310 | 720 2500 | INDUCTOTED 65.00
1482-D 500 ph 0.1 £0.05 1150 .60 190 S50 2240 | INDUCTOTIM 65.00
1482-E 1 mh +(0.1 +0.05 700 1.06 169 430 1650 TCTOTOP 65.00
1482-F 2 mh +0.1 40105 620 2.20 175 300 1160 TOTUR 65.00
1482-G 5mh +().1 =0.05 370 4.9 156 200 7s0 TOVAT 65.00
1482-H 10 mh +0.1 =003 240 8.3 132 155 GO0 | txpueTOVER 65.00
1482-J 20 mh +0.1 +0.03 170 18.5 147 104 400 | iNpUCTOWAD 65.00
1482-K 50 mh +().1 +0.03 92 46 146 66 255 | INDUCTOWET 65.00
1482-L 100 mh +0.1 003 (31 92 146 47 180 | INpUCTOWIG 65.00
1482-M 200 mh +0.1 +0.03 38 110 el 43 165 | INDUCTOWOW 75.00
1482-N | 500 mh +0.1 +=0.03 27 340 108 24 94 | INDUCTOYAK 75.00
1482-P 1h =+().1 =(0.03 15.3 600 095 15 70 | INDUCTOYES 75.00
1482-Q 2h 40,1 £0.03 10.2 1350 107 12 47 | INDUCTORUG 120.00
1482-R 5h +00.1 4:0.03 6.2 3500 111 7.5 20 | INDUCTOBIN 120.00
1482-T 10 h +0.1 +0.05 4.3 S100 129 l 5.0 19 | INDUCTOBAL 185.00

#Representative values. Actual values given on certificate.
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USES: The Tyrr 1481 Inductors have higher
low-frequency values of storage lactor Q than
the Tyrr 1482 Standard Inductors, They are
useful at audio frequencies as standards of
self-inductance, although their accuracy of
adjustment is not so high as the Tyre 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 electrostatic shield.

FEATURES: » Iligh storage factor @ — be-

INDUCTORS

TYPE 1481
STANDARD

INDUCTOR

tween 230 and 300, maximum,

> (0 is greater than 1 down to 6 cycles.
> Inherently astatic.

> Llectrostatically shielded.

SPECIFICATIONS

Accuracy: See table below. Aceuracy of adjustment is
mnited to the change produced by a single turn of the
winding, Nominal value of inductanee, with tolerance
and eurrent for H.:.’S"_, change in inductance, are
engraved on the case.

Storage Factor, @: Maximum initial Q is belween 230
and 300, The plot of Figure 1 shows the variation of

-““ip:ﬂ-lnu faetor (fl

ltmits,

1 - g e -
”) as a iunction of frequency for

with no [1.'.':-\ll-n'-i.- loss. lf_\'.—-[(-r(‘-
terms of Iy (see table)

initial permeability, i.e.,
an r-m-s current I in

siz loss for

F§
will add approximately .001 2 directly to D,

Current Coefficient of Inductance: Por cent change

in inductance as a function of I is given in Figure 1,
1
page 64, where [ is the r-m-s operating current and [, the

current that would produce a 0.259, linear inerease in L,

Ficore 1,

g
2
g
§
g

R-M-8 Current,

Vominal 1;, for 0.257

Tupe Inductance Accuracy tnerease in Lo
Inductor L o i
1481-A 1 mh +1 39
1481-B 2 mh ==1 28
1481-C 5 mh =1 17
1481-D 10 mh =+0.5 12
1481-E 20 mh 0.5 8.7
1481-F 50 mh 0.5 5.5
1481-G 100 mh +(.25 3.9
1481-H 200 mh +0.25 2.8
1481-J 500 mh +0.25 1.7
1481-K Th +(0.25 1.2
1481-L 2h _i 0.25 0.87
1481-M | 5h | =£0.25 0.55

GENERAL RADIO COMPANY

Initial D versus frequency for typical units (D, = 0). Ficure 2.

Incremental Inductance: D-C bias will reduce the
initial inductance as shown in Figure 1, page G4,
Frequency Characteristics: Per cent change in induet-
ance with frequency is plotted in Figure 2, below,
Temperature Coefficient of Inductance: Approxi-
mately —0.0025% per degree C, between 167 and 32° €,
Safe Operating Limits: (1) Maximuwm terminal \uh—
age, 500 volts, (2) maximum r-m-s current =
70 Iy, whichever limit is pertinent.

Distributed Capacitance: Between 28 uul for the 1-mh

r=t1=5 Or

unit and 33 puf for the 5 h unit.

Mounting: Aluminum Case. External finish, black
l\l.'l"kll'.

Terminals: Jack top binding posts, one grounded to
ecase. A pair of double-ended plugs is furnished, for con-

nection to jack-top binding posts.
Dimensions: Case, (height) 33¢ x (width) 304 x (depth)
154 inches; over-all height, including terminals, 434
inches. Net Weight: 14 ounces.

Percent increase in Lo with frequency.

3
3
;
:

Approx,

Resonant D’
Frequency fo Resistance Code

ke {1 Ward Price

940 0.043 INDUCTOSAP $24.50

G660 015 INDUCTOSET 24.50
120) .25 INDUCTOSIG 24.50

300 0,44 IDUCTOROT 24.50

210 (.95 HUTOSUM 24.50

130 2.3 CTOPAL 24.50
91 1.3 INDUCTOPEG 24.50
-4 7.2 INDUCTOPIT 24.50
10 22 INDUCTOPOD 24.50
28 10 INDUCTOPUR 24.50
20 tH INDUCTORAM 24.50
12.5 230 | INDUCTORED 30.00




INDUCTORS

TYPE 107 VARIABLE INDUCTOR

USES: The Tyre 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 phenolic panel.

FEATURES: > Continuous adjustment of self
or mutual inductance. Direct reading in in-
ductanee for the series connection of the coils.
Inductance for the parallel connection
exactly 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
equalized so that losses are not appreciably
increased by circulating currents when the
parallel connection is used.

s

SPECIFICATIONS

Self-lnductance Range: See table below,

Mutual Inductance: See table below. Either positive
or negative values of mutual induetance can be obtained.
The exact formula for the mutual inductance is engraved
on ench ndividual instrument,

Calibration: The inductance for the series connection,
measured at 1 ke and acenrate within =197 of full-seale
reading, is engraved on the dial. The induetance for the
parallel eonneetion is within 0.1 of one-fourth of the
series induetanee.,

The mutual inductance aceuracy is
maximum mutual induetance value.
Fr'eq uency Error: The fractional inerease in inductance
with frequeney will be f2//.2 where f is the operating fre-
queney and fi the natural frequencey. Full-seale values of
fo are tabulated below. To a first approximation fi varies
inversely as the square root of the seale setting. The

42,59, of the

change of dissipation factor D = fJ with frequeney for

full-scale setting, series connection, is shown in the plot
}ll‘lll'ﬁ'-

Maximum Power and Current: Current for 15 watts
maximum dissipation, corresponding to a 40° C temper-
ature rise, is given in the table below and is engraved on
the II:lI’Ilt‘i;i:lIl'."

D-C Resistance: See table below. These series connec-
tion values are engraved on the nameplate. For parallel

Terminals: Standard 34-ineh spacing, jack-top binding
posts are provided which allow separate connections to
rotor and stator. Connecting links are =upplied so thm
either a series or II,‘H':I“I" connection of the rotor and
stator can be made available at a third pair of binding
posts,

Mounting: All units are mounted on phenolic panels
and enclosed in non-shielded walnut ecabinets,
Dimensions: 614 x 614 x 834 inches high, over-all.

Net Weight: 5 pounds, all ranges.

00 ke

IMe

Dissipation factor (2 = 1/Q) versus f{requency for

conneetions the resistance is elosely Y the tabulated Type 107 Variable Inductors for the full-scale series
values, connection.
g . By = . . D-C Marimum
— Self-Tnductance Mudtual M'H' m_,r{.h)" tesistance Current Coide
Type Series Parallel I'nductance Series Parallel Q a Word Price
107-1 9- 50 ph | 2.25-12.5ph  0-10.8 xh 3700 6300 | 0.05 16. HAREM | $65.00
107 -K 90-500 h 22.5-125 ph | 0-110 uh 1100 ‘ 1900 0.38 6. HARPY 65.00
107 -L 0.9- 5mh 0.225-1.25mh | (I-1.1 mh 360 620) 4.6 1.7 HARRY 65.00
107 -M 9= 50 mh 2.25-12.5mh | O=11 nh | 120 210 32 0,65 HOTEL 70.00
107-N | 90-500 mh | 22.5-125 mh | 0-110 mh 35 60 410 0.15 | novem 70.00

* For full-scuale :v-'tl'::l;.;.

62

GENERAL RADIO COMPANY



USES: Where an adjustable induetance cover-
ing several decades 1s required these boxes
are particularly useful.

DESCRIPTION: The Tyrr: 1490 Decade Indue-
tor is an assembly of three or four Typr 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 frequeney.

|~
=

FRACTIONAL INCREASE AL/Ls IN PE

FREQUENCY KILOCYCLES

INDUCTORS

TYPE 1490
DECADE
INDUCTOR

SPECIFICATIONS

Frequency Characteristics: By vertical interpolation
in the accompanying plot the percentage increase in
effective series inductance (above the geometrie value
when f = 0) may be obtained for any setting of the non-
ground induectors.
Terminals: Juck-top binding posts.
Mounting: The decades are mounted on an aluminum
panel in a metal eabinet.
Dimensions: 1490-A 1234 x 734 x 514 inches over-all
height. 1490-B 1614 x 734 x 51% inches over-all height.
Net Weight: Tyre 1490-A, 15314 pounds; Tyere 1190-B,
1914 pounds.

Other specifications are identieal with those for the
Typrr 940 Decade-Inductor Units,

Type I'nductance (ode 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 Tyee 219 Decade Capacitor can be found on pages 40 and
56 respectively,

TYPE 940 DECADE-INDUCTOR UNIT

USES: The Tyre 940 Decade-Inductor Units
e convenient elements for use in wave filters
and tuned cirenits throughout the audio and
low radio-frequency range. As components in
oscillators, analyzers, and similar equipment,
they are especially useful during the prelimi-

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 switeh blades are bervllium copper with
palladium-alloy stud contacts to decrease
both contact and volume resistance.

FEATURES: > ITigh 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 magnetic field, and makes it
possible to stack the coils closely without
errors from mutual inductance. The toroids
are nearly astatic to external magnetic fields.

> Electrostatie shielding and mechanical pro-
tection are furnished by the aluminum [rame
and covers.

> Moisture is kept from the windings by wax
impregnation.

SPECIFICATIONS

s inductance
will be the
wee given in

Accur'acy: ISach unit is ::n{_‘:u.\h-il s0 that it
at zero frequeney and initial permeabilit

nominal value within the aecuraey toler:
the following table:

Inductance per step Lmh 10 mh 100 mh h

Aveuracy [ 429 | 1Y | £0.59 | +0.25,
Frequency Characteristics: I'or any specific operating
frequeney, Figure 2 shows the percentage increase in

effeetive series inductance (above the "llJHI(tri! value

when [ = 0) which is encountered with the extreme set-
tings of each of the four Deecade Induetor Units when the
chassis 1s flonting. Vertieal interpolation may be used for
imtermedinte settings,

Frcune 1. Pereent change in normal and ineremental
inductance with a-¢ and biass current. Incremental curve
is limited to an a-¢ excitation less than [y,

Change in Inductance with Current: Fractional
change in initial induetanee with a-e current for each size
|)f 11)1'r::-1 is shown in the normal curve, !"i;,'tlrl' 1, interms
of the ratio of the operating eurrent [, to [, the current
for 0.25%. change, For ratios below unity, induetance
change is direetly proportional to eurrent. Values of [,
listed below are approximate and are based on the largest
imduetor in cireuit for each sq-lri!:g“

RMS [y (ma)

- . for 0,259 Increase
Switeh Setting

G40-A 910-13 Q940-C" a40-D

1 39 12 3.9 1.2
] 25 8.7 2.8 .87
8,04, 10 17 2.9 1.7 .55

Incremental Inductance: 1D-C bias eurrent [, will re-
duce the initial inductance as shown in the ineremental
eurve, Figure 1.

Dissipation Factor: Sece IMigure 3.

D-C Resistance: (0 olms/ henry for Tyee 940-A, 45

Type I'nductance
940-A 0.01 h in 0.001 h steps..
940-B 0.1 hin0.01 h steps....
940-C 1 hin 0.1 h steps....
940-D 10 hin h steps. ...

IFreune 2. Pereent increase in Lp with frequency.

=
:
3
a
3
;
:
g

FREQUENCY KLOCYCLES

ohms henry for Tyees 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 eirenit at 500 volts if turned rapidly to the new
setting, but voltages above 150 may eause destructive
:||'l'i!lr: if the =witeh is =et between detent ijnnillllilx.
Maximum Current: 70 times the pertinent [y lue,
Terminals: Soldering lugs are provided. Circuit insu-
lated from chassis,

Mounting: Iach deeade is complete with dial plate,
knoh, and mounting screws,

Dimensions: (Width) 7Y x (height) 314 x (depth be-
hind panel) 34 inches, over-all.

Net Weight: 314 pounds.

Lo

oasraniol rasTom

PR OUERET - R, SEVELES

Variation of dissipation {actor for the full

ach inductor. Dashed eurves correspond to use
with chassis floating.

Caode Word Price

INDUCTOANT $72.00
INDUCTOBOY 70.00
INDUCTOCAT 72.00

82.00

INDUCTODOG

Nore: Tyre 510 Decade-Resistor Unit and Tyee 380 Decade-Capacitor Unit ave listed on pages 41 and 57
1':_‘.‘-}‘-('('”\.!’;_\‘.
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IMPEDANCE-MEASURING INSTRUMENTS

METHODS

For the measurement of all types of imped-
mce, resistive or reactive, inductive or capaci-
tive, at frequencies well up into the u-h-f band,
null methods have proved to be the most
aceeptable on grounds of both precision and
convenience. Most of the null methods used
irom d-¢ to radio frequencies of the order of
100 megacyeles are adaptations of the funda-
mental Wheatstone bridge circuit, although
other types of networks which can be adjusted
to give zero transmission for a particular
configuration of cireuit elements are some-
times used. Other systems, usually resonant
circuits, using deflection-type instruments
tlso have advantages for certain applications,

At very high frequencies where impedances
can 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 emploving these
techniques have been developed.

DIRECT-CURRENT BRIDGES

he so-called Wheatstone bridge, Figure 1,
has been used for over a century for the meas-
uwrement of direet-current resistance and is
still considered the fundamental eircuit for
the purpose. It measures an unknown resist-
ance in terms of ealibrated standards of
resistance from the relationship

!]’1 ~ J'Irl)\‘ (1)

Rg Rp
which is satisfied when the voltage across the
detector terminals is zero. The ultimate accu-
raey of the measurement is thus determined
by the accuracy of the standards, and is
not limited by the readability of a deflecting
instrument.

The General Radio Company manufae-
tures three d-c¢ bridges using the fundamental
Wheatstone circuit of Figure 1: (1) the T'yes
650-A Impedance Bridge, which includes a
l-c resistance measuring circuit with a d-¢

Lefty Timcure 1. The
general Wheatstone
bridge circuit. (Righ!)
Ficure 2. Circuits for
capacitance bridges in
which like reactances,
Cxy and Cp, or unlike
reactances, Ly and Cp,
are compared.

galvanometer as the detector; (2) the Tyrr
544-B Megohm Bridee. designed for the mess-
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 basic circuit of Figure 1 is also applic-
able to a-¢c measurements. With impedances
substituted for resistances, two conditions of
balance must be satisfied simultancously, one
for the resistive component and one for the
reactive component. The fundamental equa-
tions of balance can be written in cither of the
following forms:

l"l,.\' “"FY\ — Z{Zf'}—;.' (2,]
Gy + jBy = Y.¥YpZy (3)

Equation (2) is most convenient when it is
desired to express the unknown in terms of its
tmpedance components, while Equation (3)
is used when the unknown is considered in
terms of its admittance components. In order
to satisfy these equations, one of 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 brideges deseribed on the following pages,
Types 716, 740, 1611 and 650 use this method
for the measurement of capacitance, while
Tyre 667 uses it for the measurement of in-
ductance. In the Tyre 1604-B Comparison
Bridge this method is adapted to the rapid
measurement of resistors, capacitors, or in-
ductors by comparison with a standard
.-';|I11|I|l-. The reactance of the unknown ecan
also be measured in terms of an unlike re-
actance in the opposite arm. The Typr 650
measures inductance in this manner, using a
capacitor in the opposite arm as the standard.
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BRIDGES

Resistive Balance

[Fonr basie methods are in common use.
These are (1) resistance in series with the
standard renctance, (2) resistance in parallel
with the standard reactance, (3) eapacitance
in parallel with a resistive arm and (1) capaci-
tanee i series with a resistive arm.

'Htl' series resistance tu:'limi| (1) 1s ll.-t'-:[ iI].
the Types 7T40-B, 1611-A, 667-A, and 650-A.
The parallel resistance method (2) is used for
some of the eireuits in the Tyre 650-A. The
parallel capacitance method (3) is used in the
Typrs 716-C, 1601-A, 916-A, and 916-AL. As
usedd 1 the Tyrr 7T16-C the circuit 18 com-
monly referred to as the Schering bridge, with
liu- t'i:i111'n]:~' :':l]ﬂ)l':lil-tl 1 l'.'||r;u"l1:|11i'(‘ and
dissipation factor. The cirenit used in the 1601
and 916, although similar in configuration, is
nsed in a different manner, with the controls
l'.‘l['llu:uln"] in terms of resistance and reactance.

Dissipation Factor and Storage Factor

An important characteristic of an induetor
or a r'u]\.‘u‘ilni' 1= the ratio of resistance to re-
actance or of conductance to susceptance.
This ratio is termed dissipation factor, D,
and its reciproeal is storage factor, . These
ratios are defined as follows:
Bl B § a1 X B .

"Q X B * D R G )
where I and X are the series resistance and
reactance, and  and B are the parallel con-
duetance and susceptance of the impedance
or admitiance involved. Dissipation factor is
direetly  proportional to the energy  dissi-
]J:lll‘li, and storage factor to the cnergy stored,
per n'l\'i'll‘. The relation of these factors to
phise angle and loss angle is shown in igure 4.,

1 . -
D=—=cotd =tané (5)
0
Power [actor is defined as
P.E. =
and differs from dissipation factor by less than
1+ when their values arve less than 0.15.
Dissipation factor is commonly used for

cos ) = sin b (G)

IMicunre 3. Four basiec methods of obtaining resistance

If’:il-'” e,

D= wal%t%

Power Faoclors

R
cosf= T

Fioune 4. Veetor diagram showing the relations
hetween factors DD and @, and angles # and 4.

capacitors and, to a lesser extent, for inductors
beeause 1t varies t“1'{‘l'll_\' with the loss. Storage
fuctor € is often used for inductors because
it is o measure of the voltage step-up in a
tuned cirenit.

The bridee control for the resistive balance
can be calibrated in dissipation factor, or in
storage factor, for a _u'i‘,'f'n |-I'l'l‘l|l'111'l\'. The
Tyrrs 740 and 1611 have dials calibrated in
dissipation factor at 60 eveles, and the Type
716 1s divect reading at 100 eveles, 1, 10 and
100 kiloeyveles. The Tyee 650 reads directly
the dissipation factor of eapacitors and the
storage factor of inductors, at 1000 eycles.

OTHER NULL TRANSMISSION NETWORKS

The Twin-T

In addition to the bridge circuits deseribed
above there are a number of other networks
which can be adjusted to give zero transmis-
sion. One of these, the Twin-T" or Parallel-T

NULL
DETECTOR
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illustrated in Figure 5, has proved to be of
sreat value for admittance measurements at
high radio frequencies. This cireuit is used in
the Tyer 821 for impedance measurements
irom 0.5 to 40 megacyeles.

In this circuit the conductive 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 megaeyveles,
and cireuits based on coaxial-line techniques
are more satisfactory.

The Tyrer 1602-B U-H-I' Admittance
Meter, shown in Iigure 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
at a4 common _illll('Tilm ]mim. The outputs of
the loops are combined, and when the loops
are properly oriented, the combined out-
put becomes zero, so that a null balance is
produced.

IMigure 6 shows the functional arrangement
of the admittance meter with standards con-
nected. The standard conductance, ., is a
resistor having a value equal to the charac-
teristic impedance, Z,, of the line, and the
standard susceptance, 7B,, is an adjustable
stub which 1s set to one-eighth or three-
eighths wavelength at the operating frequency.

Since the voltage from the generator is
common to all three lines, the sending-end

Froure 6.

Schematic diagram  of admittance meter
vircuit, with standards, generator, and null detector
connected for admittance measurements.

BRIDGES

current in each line is proportional to the
Sl‘llliiﬂf_'_'—(‘lltf admittanee. This admitiance is
Y, for the line terminated in the unknown,

G, = for the line terminated in the stand-

1
VA

ard conductance, and jB, = —j for the

'}Z..
line terminated in the eighth-wave stub.

The induced voltage in each loop is propor-
tional to the mutual inductance (M y, M, or
Mp), and to the current in the corresponding
line. Thus. the induced \‘n]i:l-,:l' in the lma;i
associated with the unknown admittance is
proportional to the product,

.”_\ }‘,\' = .”_\-I‘;I\' ', .);']I-\"’),-\'.: I_T]
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 is proportional to the produet,

_,f,”;;h'_\-. It follows that these three induced

voltages add up to zero when the couplings of
the three loops have been adjusted to have

‘ : . : Ma A
the following relations: Gx = — (7s, and
My
Mg g ;
Bx = — -2 Bs. Gs and Bs are constants, so
My

the M seale can be ealibrated in ferms of Gy,
the M p seale in terms of By, and the M y seale
in terms of a multiplying factor to be applied
to the other two scale readings. Since cach
('mlp“ll}l can be varied [IlI'llIl_a;}l zero, the two
balance equations show that the theoretically
measurable ranges of conduetance and sus-
ceptance extend from zero to infinity. How-
ever, the percentage aceuracy of 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 IiM}I.ﬂ associated with the unknown
:It{Inﬂ rance ;lh:l the standard {'ullihll'!:ml‘!‘ 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
of positive as well as negative values of un-
known susceptance with a single susceptance
standard.

A unique feature of the U-TI-I' Admittance
Meter, which distinguishes it from bridges and
other null devices, is that the susceptance
seale, as well as the conductance scale, is inde-
pendent  of frequency. This comes about
beeause the stub that forms the susceptance
standard is always adjusted to one-eighth or
three-eighths wavelengths at the operating
frequency and therefore presents the same
susceptance at 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 characteristics 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
[Flements, page 122 et seq.

VACUUM-TUBE BRIDGE

Using a null transmission circuit, the TyrE
561 Vacuum-Tube Bridge measures three
fundamental vacuum-tube parameters: ampli-
fication factor, transconductance, and plate
resistance. Each of the three coeflicients 1s
obtained in terms of the ratio of two 1000-
eycle test voltages. A third voltage is used in a
capacitance balancing circuit.

RESONANT-CIRCUIT INSTRUMENTS
R-F Capacitance Meter

For the measurement of capacitance at one
megacycle the Tyee 1612 R-IF Capacitance
Meter has the advantages of speed and sim-
plicity. It is essentially a resonant-cireuit
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 miero-
ammeter. Measurements are made by a
substitution method in which the calibrated
apacitance is reduced to re-establish reso-

nance after an unknown capacitance is
connected.,

ERRORS
A bridge circuit provides a comparison of

two impedances, an unknown and a standard.
It does not provide an absolute measurement.

The 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 4=0.19, there can then ocew
in the most unfavorable ease 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
standard arm. Two readings of the standard

Ficure 7. The substitu-
tion method (shown for
a |':lp:||-i1:!|1|'u measure-
ment with a Sechering
bridge) reduces the
error to essentially the
acceuracy 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 +0.19, the maxi-
mum error of measurement is #=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 eclement, however carefully
constructed, is entirely free from residual
impedances. Resistors have series induetance
and shunt capacitance. Inductors have rela-

Iieunre 8. Schematie representation of capacitance, inductance, and resistance standards, showing the most important

residual impedaneces. The ohmic resistance and induetance of the
sented h}' series resistance and inductance, while the dielectric loss

stacks and leads of the ecapacitor (leff) are repre-

. are represented by a shunt eonduetance. For an

inductor (center), the copper losses consisting of both ohmie resistance and L‘dd_\' currents, and the distributed (_';1;1:1:'i-
tance with dielectric losses are the important residuals. A resistor (right), to a first approximation, is represented by
an inductance in geries, and a capacitance in shunt.
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tvely large series resistance and shunt eapaci-
tance. lNven air capacitors, while more nearly
perfect than other impedance standards, have
resistive and induetive residual impedances,
Al of these extra impedances must be in-
cluded in the values used for caleulation in
order to avoid error. The over-all residuals are
areatly inereased by the various connections
forming the bridge cireuit.

Shunt capacitance across the various arms
is an important source of error even at audio
[1'{‘t!i|l‘lll"it‘-", When 1’:1]):Jt‘il:n1t'(' OCCUrs 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. Errors arising from this
source account lor the large differences be-
tween the listed errors in dissipation factor
given for I'ver 650 and Typrs 740 and 1611
Bridges. Tyrr 650 not only operates at a
higher frequency but has unavoidable switeh-
ing capacitances because it is designed for
such a great variety of measurements.

Shunt capacitance across a reactive arm is
also serious. In the Tyer 667-A Inductance
Bridge, for instance, the capuacitance aeross
the unknown terminals increases the error in
the measured inductance from +0.29 to
+04% on the highest multiplier. Typical
capacitances aeross the UNKNOWN termi-
nals of General Radio bridges are:

TREETI6C s ensnigmivis w 1 upf
Type 740-B. .. .. .... s oo 13 ik
Typre 650-A. .. ... 10 ppf
Type 1611-A........... 0 ppf

In the Tyrr 1611-A this capacitance is effee-
tively made zervo, and its dissipation factor is
eliminated by introducing across the detector
terminals a voltage whose magnitude and
phase 1= equal to the bridge unbalance voltage
eansed by this zero capacitance. Thus the
bridge is made direct reading in capacitance
and dissipation factor down to zero.

In the Tyre 916-A Radio-Frequeney Bridge
and the Typr 1601-A V-H-I' Bridge, the
equivalent shunt capacitance across the re-
sistance arm has been reduced to less than
This residual capacitance does not
affect the resistive balance, and affects the
reactance balance only slightly at 60 Me; all
other stray capacitances are either incorpo-
rated into the bridge arms or, by means of
shielding, placed across the generator or de-
fector terminals where they become harmless.

At high radio frequencies the limiting resid-
ual impedance has been found to be the
residual inductance of variable air capacitors.

0.4 uppuf.
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Thus, in the Tyre 916-A Radio-Frequency
Bridee, the residual inductanee of the resist-
ance balancing 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 Type 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
accurate measurements can be made.
tesidual series inductance in bridge arms
is ordinarily negligible at audio frequencies,
except In measurements of very small in-
ductors. The Tyrr 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-
quencies 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 be sensi-
bly independent of its surroundings and the
position of the operator. To satisty these con-
ditions, bridges are completely surrounded
by a grounded shield, and care is taken to use
either grounded or insulated shafts on all
controls. It 1s also common practice to ground
the junction of the unknown and standard
arms to this shield. Residual capacitances of

Fraure 9. Showing the shielding of the unknown arm in
the Type 916-A Radio-Frequency Dr In this
assembly the innermost shield localizes the variable stray

capacitance of the rotor of C; and prevents it from
fulling aeross ', where it would eanse interlocking of
the settings of the two capacitors. The middle shielid
throws the stray capacitances of the two capacitors to
1hi' |"l;:i':1—]|.‘|1ht corner riI' the irril]:.:(‘, while the outermost
ghield 51!:11'!‘-: the capacitance of the right-hand corner
across the generator, where it is harmless.

This puts the cupacitunce from the outer
ground across the N arm of the bridge. Actually, the
physical arrangement of the bridge is such that this
capacitance constitutes the bridge arm, with u:\i._\' H
trimmer

capacitor connected across it to correct for
small varintions between instruments,

4

UN KNOWN
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the bridge arms to the shield are placed across
the two arms thus grounded. Although a
relatively large error may be introduced by
these capacitances, it can often be eliminated
by an initial zero reading or by making the
residual capacitance 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
667 are of this type, placing one terminal of
the unknown at ground potential. If, 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
eround are large compared to the bridge arms.
Typres 650 and 740-1 have neither unknown
terminal grounded and hence measure direet
impedance. Under certain conditions, how-

Fiounre 10, Mustrating the shielding arrangement of the
Tyre 716-C Caps

citance Bridge. The ratio arms with

their compenss

g capacitor, the dissipation factor
x';|;-:u'i‘.u|, and the il:;-ll'l transformer are all mounted on
insulated subpanels and completely shielded. The shield
is connected to the junction of the ratio arms, thereby
placing its eapacitance to ground across the detector
terminals,

The shield around each transformer winding is con
neeted to the winding, eliminating the terminal f':lil:l['i—
tanves. A third shield, between the winding shields, is

.i_
1 the secondary winding

connected to the junction of the ratio arms, I'he cap

tance between the third shield m 4
: y arm, and

e, Simi-

<hield is thus placed r0ss the right

its effect

1 be elir ated in the

larly, the capacitance between the primary shield and
the interwinding shield goes neross the detector terminals
and does not affect the balance.

No I‘:l]'lll'i1:||1l'l“ are |-];u'l-|1 across the standard and
unknown arms other than that of the leads and of the
]|.'|m_'| binding POsts. The small amount M.‘lr‘lr:'.' across the
stundard capacitor is taken into aceount in the calibra-
tion, while that aecross the unknown terminals is less

than one micromicrofnread.

ever, the Tyre 650 can be adapted for meas-
uring grounded impedances, and the Tyre
1611 for measuring direct impedance. The
Typr 544-B Megohm Bridge can be con-
nected cither way and can, therefore, measure
either total or direct resistance.

Shielded Transformer

The bridee 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 578.
One transformer winding is connected be-
tween two opposite corners of the bridge,
neither of which is grounded. For bridge
balances, the small, constant, and known
terminal capacitances of the transformer are
then substituted for the large, variable, and
unknown capacitances of the generator or
detector

GUARD CIRCUIT

With the addition of a fifth point' to a con-
ventional four-arm bridge network, it be-
comes possible to measyre the direct imped-
ance between two points of a three-terminal
network. Such a network is shown in Figure
11, with impedaneces 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 F |
- = = |
A P H
] S
A_N_S @
B R
14 CGuard Cireuit for the Capaecitanes Bridge”
Ivan G, BEaston, General Radio Experiments 1 1952

I'raure 11, General bridge network with guard cireuit,
and unknown three terminal impedanece.
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Fraure 12.

Obviously these conditions include the
ordinary equation of balance of the four-arm
network A-B-N-P.

[igure 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-
tector terminal. This particular tyvpe of guard
eireuit has been frequently referred to in
literature as a Wagner Ground.

The use of the Guard Cireuit permits the
accurate measurement of the direet 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 svstem, is
often employed in such determinations to
eliminate effects of variable lead parameters

as  temperature or other conditions are
changed.

DETECTORS
To obtain the maximum precision of

halance with any  bridge or null-balance
girentit it is necessary to obtain a virtually
complete null balance. With modern vacuum-
tube eircuits, however, sufficient sensitivity
an be obtained to utilize all the potential
precision of any null-balance network.

In some bridge circuits the balance is de-

Elementary schematie eireuit diagram of the Tyre T16-14 Guard Cirenit connected to the Tyer 716-C
Capacitanee RBridge showing the unknown eapacitanee and its terminal impedances.

pendent upon frequency, and the value of the
unknown impedance usually varies with fre-
quency. Consequently, the presence of har-
monies 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 mayv 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 desirved
to balance the bridge.

Avudio and Sub-Audio Frequencies

At audio frequencies, the conventional
detector is a vacuum-tube amplifier. Where a
visual indication of balance is desired, as is
necessary at frequencies below about 300
eveles, a rectifier-type voltmeter or a vacuum-
tube voltmeter can be substituted for the
head telephones.

The Tyre 1231-B Amplifier and Null De-
tector has a panel meter which can be used
as a self-contained null indicator. This in-
strument can also be made selective by the
addition of the Tyes 1231-P2, -P3, and -P5
Tuned-Circuit FFilters.

The Tyre 1212-A Unit Null Detector is
somewhat less sensitive than the Tyrr 1231-B
but covers a much wider frequency range. It
is usable up to 5 megacycles and has an ap-
proximately logarithmice response. Both in-
struments have terminals for earphones.

GENERAL RADIO COMPANY 71



BRIDGES

The T'yrr 736-A Wave Analyzer and the
Typr 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. T'or
measurements over a wide range of frequen-
cies, 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 deviees are inherently selec-
tive, the problem of radio-frequency har-
monics is not significant, The receiver should
preferably have an r-f sensitivity control and
provision for disconnecting the a-v-¢ cireuit,
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 Typrr 874-MR Mixer Rectifier and
a local oscillator (such as the Tyrr 1208, the
Typrr 1209, or the Tyre 1215 Unit Oscillator)
to convert the signal to a lower frequency
within the range of the receiver.

A betier detector for use in the system is
the Tyrr 1216-A I-I' Amplifier, which has a
pass band of one megacycele at 30 megacycles.
The wide pass band does not impose such
severe restrictions 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

|Z.]
E, \Zx

E:~ ([ & )*

d (8)

ZA
Zy

where |Z4] 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

v
O \Z 5!
;;'_f. = ____ﬁ‘__ d (9)

(7))

Both expressions are developed on  the
assumption that the impedance of the detector
1s 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.

From the above equations and the known
mput voltage, the output voltage correspond-
ing to a given value of d can be caleulated.
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
+0.19, demands the detection of 5 mv. To
make a dissipation factor balance to =£=0.00005
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 Tyrre 1231-B Amplifier and
Null Detector (25 upvolts 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 ecarphones.
Now suppose these same measurements to be
made on a 1 uf capacitor for which the ratio
arms must be 1000 to 1. With either null de-
tector, the meter eannot balance for dissipa-
tion factor to this precision, so that earphones
must be used to obtain the required sensi-
tivity. The use of earphones where precise
balance is required has the additional advan-
tage of permitting aural diserimination against
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 Tyres 740-B and 1611-A are designed
for 0-cycle measurements and operate di-
rectly from the a-¢ power line. The Tyrg
650-A has a self-contained 1000-cyele micro-
phone hummer, or the Tyrx 650-P1 Amplifier-
Oscillator, and no external oscillator is re-
quired unless it is desired to make measure-
ments at frequencies other than 1000 cycles.
All the other bridges described in this section
require some type of external oscillator.

For single-frequency measurements at 400
and 1000 cycles, the Tyrr 723-C Vacuum-
Tube Fork 1s 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 cyeles and 400
cycles, the Typr 1214-A Unit Oscillator is
recommended. When a continuously variable
frequency is needed the Tyrr 1304-A Beat-
Frequency Oscillator or the Type 1302-A
Oscillator is recommended.

For measurements at radio frequencies with
the Type 916-A and Type 916-AL Radio-
Frequency Bridges, or the Tyre 821-A Twin-T
Impedance-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-TI-F Bridge and the Tyre
1602 U-I-F Admittance Meter, the Typus
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 unmodu-
lated. Distortion in the modulating svstem,
irequeney modulation, and assymetrical side-
band cutting in the reeciver can produce
appreciable errors in the balance point. In
addition, maximum sensitivity is obtained
with an unmodulated signal and an oscillating
detector.

CONNECTIONS

To achieve maximum freedom from electro-
statie pickup, it is desirable to use shielded
leads between generator and bridge and be-
fween bridge and detector. At audio and low
tadio frequencies the reactance of the leads
and fterminals is unimportant, and electro-
static shielding is all that is necessary to pre-
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vent the introduction of extraneous voltages
into the detector or the unknown impedance.
At frequencies above a few megacyeles, 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 ground 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 balance by an amount neces-
sary to cancel the effeet of the extrancous
voltage from Ly, that is, to make the veetor
sum of the bridge output voltage and the
extraneous 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 he avoided if coaxial
terminals are used on both generator and
receiver.,

The Types 016-A, 821-A, 916-AL, 1601-A,
and 1602-A are equipped with Type 874 Co-
axial Terminals, and coaxial leads are suvplied
with these instruments to plug into the
oscillator and detector,

CLASSIFICATION

The table on the next two pages brielly 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 can be determined at a glance, while
detailed specifications for each bridge are
given on the following pages.

Froure 13, Showing how serijes induetance in the gener-
ator and detector leads ean eause errors in measurement
at radio frequencies.

TYPE 805-C

STANDARD
SIGNAL
GENERATOR
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BRIDGES AND OTHER

IMPEDANCE-MEASURING INSTRUMENTS

Range of Measurement See
Type Name Measures Measurement Aeccuraecy Frequeney Remarks ! ‘age
DIRECT-CURRENT BRIDGES
1652-A  Resistance-Limit Bridge R 1to 1,111,111 0.5%, as limit bridge de Equally ns=eful as production- 76
n 1to L111,1118 0.25% by null method de test or laboratory bridse.
H44-18 Megolim Bridge It 0.1 to 1,000,000N 3% up to 1000ME de For measurements on high-

449, up 1o 100,000M¢2 de valued resistors, insulation re- -5
siztance of machines, applinnces,
cables and volume resistivity, ete.

60-CYCLE BRIDGES
TH-13 Capacitance Test Bridge ¢ 5 ppf to 1100 uf +19; i) e Measures ungrounded eapacitors.
D 0 to 507, +1.5% of full scale 60 ¢ For production testing. Will
measure polarized electrolytic 51
capacitors of the type used in
electronie circuits.
1611-A  Capacitance Test Bridge C 0 to L1000 gf +1% 60 ¢ For testing insulators, bushings,
D 0 to 609, T2, 60 ¢ © capacitors, cables, ete. Measures
grounded capacitors. Unique
compensating eireuit eliminates 80
terminal capacitance, permitting
measurements down to zero
capacitance,
AUDIO-FREQUENCY BRIDGES
650-A  Impedance Bridge R 0.00142 to 1MQ +=1% de Completely self-contained,
L 1 gh to 100h 420, 1 ke general purpose, lahoratory and
c I s to 100 uf =+ l% The produetion bridge. S9
b 0.002 to 1 =209, 1 ke
Q 0.02 to 1000 209, 1 ke
716-C  Capacitance Bridge* C 100 puf to 1 pf 40.2% of full scale 1 ke Direet-Reading
« 100 pepef to 1000 ppd £0.29%, of full scale 0.1, 10, 100 ke Direet Reading
C 0.1 puf to 1000 pef £0.2% 0.1, 1, 10, 100 ke Substitution Method
D 0.00002 to 0.56 =+=29%, 0.1, 1, 10, 100 ke Forcapacitancestandardization, 53

precision measurements, dielec-
tric measurements. Can also
measure large inductors and
high resistances.
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TYPE 1652-A RESISTANCE LIMIT BRIDGE

USES: The Resistance Limit Bridge 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 accurate 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 to advantage in match-
ing pairs of resistors for operation in balanced
cireuits. Its acceuracy 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-
specting. A relay, in conjunction 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 459,
+10%, and 420%.

DESCRIPTION: The Tvyrr 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 207.

A built-in standard consisting of seven
Tyrr 510 Decade Resistors is adjustable from
one ohm to 1,111,111 ohms in 0.1-ohm steps.

Measurements are made simply by setling
the standard to the nominal value of 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 can be plugged,
and which can be operated in conjunction with
a switch that shorts the meter circuit 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 cireuit 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.
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» Extreme simplicity of operation. Large
meter colored gold for 50, limits and silver

for 1097 limits.
> EFqually useful for general resistance meas-
urement.

» Covers a wide resistance range — one ohm

to one megohm.

BRIDGES

> No batteries required. Operates from 115-
volt or 230-volt, 60-cvele line.

> Rugeged construetion and enclosed in welded
aluminum cabinet.

> Accuracy — can measure resistors to an
accuracy of =£0.257.

> Indicating meter can not be damaged by
unbalance of bridge.

SPECIFICATIONS

Resistance Range: Asalimit bridge, 1 ohm to 1,111,111
ohms, with internal standard; for null measurement,
1 ohm to 1,111,111 ohms 1 internal standard; 1 ohm
to 2 megohms with external standard.

Limit Range: Meter reads from — 207, to 42077, with
RTMA tolerance ranges of =45, and
indieated by gold and silver coloring,

the st
10" r
ri‘.\[u-r'l'!\'n[_\',

Accuracy: As a limit bridge, 0.5 or better; for
matehing, 0.29; for null measurement, with internal
standard, 24=0.257% above 10 ohms and 4=0.477 between
1 ohm and 10 ohims; with an external standard, from
1 ohm to 2 megohms (0.2, 4 aceuracy of standard).
Voltage Applied to Unknown: The voltage across the
unknown resistor is exaet |._\' one volt when the meter

Ty pe

indication is zero. As the metfer indieation varies from
— 207 to +207 the voltage across the unknown will
vary [rom 0.89 volt to 1.10 volts.

Power Supply: 105 to 125 volts or 210 to 250 volts, 60
ately 30 watts,
Accessories Supplied: A line connector cord and spare
fuses.

Vacuum Tubes: One Tyrre 6X4 and two Tyre 65U7-
GTY's. All are supplied with the instrument.

eveles. The power input is approxin

Mounting: The bridge is supplied for either relay rack
or cabinet mounting. Cabinet has black wrinkle finish.
Dimensions: Owver-all, (width) 19 inches x (height)
8% inches x (depth) 1015 inches.

Net Weight: 20 pounds,

1652-AM
1652-AR

Resistance Limit Bridge (Cabinet Model). . .
Resistance Limit Bridge (Relay Rack Model)

Code Waord Price
BUXOM $425.00
BADGE 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.

Schematie cirenit diagram of the Type 1652-A Resistance Limit Bridee.
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TYPE 544-B MEGOHM BRIDGE

USES: T'he megohm bridge is very useful for
measuring all types of resistances in the
megohm ranges, These uses include not only
the resistance of eartridge-type resistors, but
also the insulation resistance of electrical
machinery such asg generators, motors, and
transformers; ol clectrical equipment such as
rheostats and houschold appliances; of single
conductors, eables, and eapacitors; 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 cables, three-terminal
capacitors, networks, and guarded specimens
of insulating materials.

This bridge has been widely used for meas-
uring the dielectric absorption effects in the
mmsulation of eleetrical machinery, trans-
formers, and ecables. Charging-current curves
can be easily obtained over time intervals
from one second to many hours.

DESCRIPTION: The T'yre 544-B Negohm
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 applied across the
arms, A and B, and the vacuum-tube volt-
meter connected across the conjugate pairs,
A-N and B-P. IYor checking the galvanometer
zero, the tube is isolated from the bridee
voltage as shown in the CHECIK position,
with the high resistors, N and I’, connected
to the grid exactly as in the OPER AT 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 because they are balanced
out in the zero adjustment. There is also a
CITARGIE position, in which the unknown
resistor, 7, is placed across the arm, 5. This
15 valuable m 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
galvanometer 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
possible by the use of a vacuum-tube de-
tector, which absorbs a negligible amount of
power.

> Constant fractional aceuracy, regardless of
setting, is obtained by using a resistance
scale that is approximately logarvithmice over
one decade. The effective seale length for the
range from 100,000 ohms to 10,000 megohms
18 33 inches,

Sehemantio cirenit dingram of the megohm bridge.

N
NLOW  unknowN
/ RESISTOR
4

CHARGE
BRIDGE O - ICI?ERM‘E
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3 The voltage applied to the unknown resist-
ance is held approximately constant. regard-
less of the value of the unknown resistance.
This condition is necessary to measure insula-
tion resistance properly.

> Voltage stabilization is used in the a-¢
power supply to prevent surges in charging
current when the leakage resistance of capac-
itors 1s measured.,

SPECIFICATIONS

Range: 0.1 megolun to 1,000,000 megohins, covered by
w dial and a 5-position multiplier switeh. A resistance of
LLUno, 000 megohms can be distinguished from infinity.
Accuracy: 3% on the 0.1, 1, and 10 multipliers;
+1, on the 100 and 1000 multipliers. Above 10,000
negoluns, the accuracy is essentially that with which the
seale on the MEGOHMS dial can be read.
Terminals: All high-voltage terminals are insulated as
1 protection to the operator. A maximum of 12 ma can be
drawn om short circut.
Power Supply: Two types of power supply are available:
1) an a-¢ unit delivering d-c¢ test voliages of 500 volts
widd 100 volts to the bridge, and (2) a battery power sup-
ply of 90 volts, The aee unit operates from a 105- to 125-
volt (or 210- to 250-volt), 40- to G0-cyele line, The battery
power supply consists of 2 No. 6 Dry Clells and 3 Burgess
No. 5308 45-volt batteries. This supplies 45 volts for the
tube anode and 90 volts for the test voltage.
Power Input: 60 watts at 113 volts, 60 eveles; with
!‘r:‘.ll!_’:'_\' 7‘51]!!{)]_\" '.I]J[J'I'(lxi[l]'\i]l_‘ current ['l'(llli]'l'!ll(_‘”lf‘f are
0 ma for eathode heaters and 7.5 ma for anode.
External Bridge Voltage: Terminals are provided so
that the bridge voltage ean be obtained from an external
souree if desired, Up to 500 volts ean be applied.
Vacuum Tubes: With battery power supply, a 1D3-GP
leteetor tube is used: the 300-volt power -:Lp|n]_\ U=es i
BET-0G detector, w 6X5-0 rectifier, o 3U4-0; reetifier, and,

Tipe

544-BA

Supply.......
544-BB

544-P3
544-P10

Megohm Bridge,_wifi'l_A-C Power
Megohm Bridge, qufery Operuted .
(Incl. Batteries)...... ...

A-C Power Supply Unit Only
Battery Power Supply Unit Only. . . ..

BRIDGES

The seconsms dial of Tyer 544-B Megohm DBridge.
The seale iz approximately logarithmie over the main
decade from 1 to 10,

in the voltage regulators, a 6J5-G, a 6K6-G, a 421 Ballast
Tube, and two Tyre 2LAG-919 neon lamps. All tubes are
sk:p;-li-_-fl.

Accessories Supplied: With a-c power supply, @ seven-
foot line-connector ecord and spare fuses, test probe
mounted in cover and spare neon ballast tube. Batteries
are supplied with the batterv-operated model.
Mounting: Shielded oak eabinet with vover.
Dimensions: Cabinet with cover closed, (width) 814 x
(It'llul’ll\. '..}.'_?‘ 9 X (height) S inches, over-all,

Net Weight: With hattery power supply, 2014 pounds;
with a-c power supply, 269§ pounds; Tyre 541-P10, L1414
pounds; Tyrs 5344-P3, 1114 pounds,

Code Word Prive

$340.00

250.00
130.00
40.00

ALOQOF
AGREEAPACK
ALOOFAPACK

principle is described on page 186.

Tyer 1862-A Megohmmeter, a direct-reading instrument operating on the ohmmeter

These diagrams show the bridee connections for the three positions of the cHECK-0PERATE-CHARGE switch.

OPERATE

CHARGE
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TYPE 1611-A CAPACITANCE TEST BRIDGE

USES: The Tyrr 1611-A Capacitance Test
Bridge is designed for 60-cvele eapacitance
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 electric power industry for shop testing
of insulators, particularly for measurement of
dissipation {actor of bushings, insulators, 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.

IFor 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
variable 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 circuit is so designed that maximum
sensitivity is obtained at balance, with re-
duced sensitivity ofl balance. This arrange-
ment greatly facilitates the determination of
the bualance point. The detector system can
be made linear and more suitable for limit
testing by changing one tube.

A portable luggage-type ecarrying case
houses the complete instrument.
FEATURES: > Will measure anv 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.
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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
af, several kilovolts. 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-c source.

SPECIFICATIONS

Capacitance Range: 0 to 11,000 uf, covered by eight
multiplier steps and an approximately logarithmie, direct-
reading dial.
Dissipation-Factor Range: 0 to 607, (at G0 eycles). A
dinl having a scale characteristic approximately log-
arithmie covers the range 0 to 307,. An additional range
of 307 can 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
D »
VT + D2
where D = dissipation factor. Below 100 uuf, the acceu-
racy is limited by the deecreasing sensitivity of balance.
Sensitivity: The sensitivity is such that any capacitance
in the range 100 gef to 10,000 uf ecan be balanced to a
precision of at least 0.19,.
Temperature and Humidity Effects: The readings of
the bridge are unaffected by temperature and humidity
variations over the range of room conditions normally
encountered (63° T to 95° F, 0 to 909, RH).
A-C Voltage Applied to Capacitance under Test:
The voltage impressed on the unknown ecapacitance
varies from a maximum of approximately 125 volts at
100 guf to less than 3 volts at 10,000 uf, The eircuit is
s0 arranged that a maximum of one volt-ampere of
reactive power iz delivered to the sample.
External Fields: IFor bushing testing, the fields usually
encountered in shop and laboratory, even up to several
thousand volts, will not affect the accuracy. For meas-
urements in loeations where the overhead voltages are
very high, the unknown should be shielded.
Polarizing Voltage: Terminals are provided for eon-
neeting an external d-¢ polarizing voltage. The maximum
voltage that should be impressed is 500 volts.

+ 0.059, dissipation fuetor). Power Iactor =

One of the terminals is grounded so that any a-¢ 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
affeet the bridge circuit.

Power Supply Voltage: 105 to 125 (or 210 to 230)
volts, 60 eyeles.

Power Input: 15 watts.

Accessories Supplied: Line connector cord.
Mounting: Portable carrving case of luggage-type con-
struetion, Case is completely shielded to insure freedom
from eleetrostatic pickup.

Vacuum Tubes: One each 6X5-GT, 63J7, and 6US5. All
are supplied,

Net Weight: 3014 pounds.

Dimensions: (Width) 1414 x (depth) 16 x (height) 10
inches, over-all, including cover and handles.

Schematie diagram of the Tyre 1611-A Capacitance Test

Bridge. Generator and detector connections are inter-

changed by the switching when the bridge is used to
measure capacitances greater than 1 uf.

COUBLE SHELDID
TRANSFORMER

WVISUAL
INDICATOR

Code Word Price

$475.00

FORUM

TYPE 740-B CAPACITANCE TEST BRIDGE

USES: The Tyee 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
capacitor user for acceptance tests. It is par-
ticularly useful in  testing polarized elec-
trolytic capacitors because the test condi-
tions approximate the normal operating con-
ditions of use,

DESCRIPTION: The circuit used in this instru-

ment is that of a series-resistance capacitance
bridge. It is similar to the capacitance portion
of the Typre 650-A Impedance Bridge, but
adapted for 60-cvele use. One ratio arm is
variable in decade steps, and the other is
continuously variable and calibrated directly
in capacitance.

The Tyrr 740-B Capacitance Test Bridge
is a simpler instrument than the Type 1611-A,
described above, with a smaller capacitance
range, and lacking some of the features of the
latter instrument.
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FEATURES: > Measures the direct

tance of ungrounded capacitors.

capaci-

> Visual null indicator makes the bridge use-
ful for production testing in noisy locations.

> Simple to operate.
> Normal operating conditions can be repro-
duced when testing polarized electrolytic

capacitors by using a d-c¢ polarizing voltage.
The a-¢ 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 puf to 1100 pf in seven ranges.
Capacitanee values are read direetly from a logarithmic
dial and multiplier switeh,
Capacitance Accuracy: Within 419, over the main
deeade (1 to 11) of the CAPACITANCE dial for all
multiplier settings execept .0001. Within +£1.59, or
=43 puf, whichever is the larger, on the .0001 multiplier
on the main deeade of the CAPACITANCIE dial. Below
100 puf the error gradually inerenses to 45 upf as zero is
approached.
Dissipation Factor Range: 0 to 50 in two ranges.
Dissipation factor values are read directly from an en-
graved seale and multiplier switeh,
Dissipation Factor Accuracy: Within 1.5, of full-
setle reading for all capacitance multipliers except .0001.
On the 0001 eapacitance multiplier a correction of (.39
should be subtracted from the dissipation factor dial
reading. When this correetion is made the aceuraey is
within 242 divisions on the x1 multiplier and within =1
division on the x10 multiplier.
Voltage Applied to Unknown: The voltage impressed
aeress the unknown terminals varies continuously with
the bridge setting, For very small capacitances in the
lowest range, this voltage is approximately 35 volts, and
it deercases with increasing r';l;_::l.l'i!:nlt'f_', s0 that at 100 pf
it is approximately one volt,
Polarizing Voltage: Terminals for connecting a d-c
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: Capacitance dial and multiplier, dissipation
factor controel and mu|l.i;_1]iet‘, Hl'!l.‘_illli\-'ill\' control,
Accessories Supplied: A line connector cord and spare
fuses,

Vacuum Tubes: One cach 6X3GT/G, 6J7, 6155; all are
supplied with the bridge.

Mounting: Portable carrving case, of airplane-luggage
construetion,

Dimensions: (Length) 1414 x (width) 15 x (height) 914
inches, over-all, including cover and handles.

Net Weight: 19 pounds.

BRIDGE AMPLIFIER VISUAL

INDICATOR
UNKNOWN V=l V-2

‘\% @

“‘\"—SGN

STANDARDZA,
DISSIPATION
FACTOR

Codde H-"nr{! Price

740-B

Capacitance Test Bridge . . . . ..

BABEL $25€00
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TYPE 716-C CAPACITANCE BRIDGE

USES: This dirvect-reading capacitance bridge
can be used for a wide variety of eapacitance
and dissipation-factor measurements. Within
its scope are the determination of dielectric
ronstant, 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 resistance 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
nseful in measuring the resistance of electro-
lytes.

In the General Radio laboratories the Typre
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 I'yer 716-C Capacitance

GENERAL RADIO COMPANY

Bridge 1s a modified Schering bridge, direct
reading in capacitance at any frequency, and
in dissipation [actor at 100 eyeles, and 1, 10,
and 100 kilocyeles.

A wide capacitance range at 1 kiloevele is
obtained by four sets of ratio arms giving
multiplyving factors from 1 to 1000 in decade
steps. The built-in standard is a Typre 722
Precision Capacitor, calibrated to read di-
rectly in tolal capacitance. The zero capaci-
tance across the unknown terminals 1z nol
greater than 1 guf. All capacitances to ground
of the input transformer and ratio arms are
removed from the capacitance arms by placing
them in a shielded compartment insulated
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 capacitor and from a
decade-step capacitor connected across the
fixed ratio arm. The 12-inch secale of the air
capacitor 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 direct-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
transformer to minimize leakage impedances
and dieleetrie losses,

SPECIFICATIONS

Ranges: Direct reading capacitance, 100 gul to 1 uf at
1 ke: 100 puf to 1000 guf at 100 ¢, 10 ke, and 100 ke; dis-
sipation factor, 0.00002 to 0.56.

Substitution Method — eapacitance, 0.1 puf to 1000 ppi
with internal standard; to 1 pf with external standards;

W
dissipation factor, 0.56 X :~— where " is the capacitance
of the standard capacitor and Cx that of the unknown.
Accuracy: Direct Reading — capaecitance, ==2 pufl X
capacitance multiplier reading (=029 of full scale for
ench range) when the dissipation factor of the unknown
is less than 0.01; dissipation factor, 20,0005 or £2%; of
dial reading, whichever is the larger, for values of D
below 0.1.

Substitution Method -
whichever i'- :ht‘ 1::!"..’1'1". fij“\i[!tl'i‘lll factor,

-n'.':}-:u'it:tru-v, 0.2 or -f:f_upf,
0L 00005
or =2 for change in dissipation factor observed, when
the change is less than 0,06,

A correction chart for the precision capacitor is sup-
plied, giving seale eorrections to 0.1 puf at multiples of
100 puf. By using these data substitution measurements
ean be made to 40,17, or =£0.8 upf, whichever is the
larger. It is also possible to obtain, at an extra charge,
a worm-correction calibration with which substitution
measurements ean be made to an aceuracy of 4=0.19%; or
0.2 guf, whichever is the larger.

When the dissipation factor of the unknown exceeds
the lmits given above, additional errors oceur in hoth
r-.'qu:u'il:li:r-n‘ :Hul n[i-.-i[-.'liinr:—1.‘u‘!r:l' I'n:nliu-_[.\. (‘n:‘n-r?inn
formulae are supplied, by means of which the accuracy
given above ean be maintained over all ranges of the
bridge.

Ratio Arms: The arm across which the dissipation
factor l':l:l:ll'ETHI' is !I'IT'III:IH_\ connected at 1 ke has a re-
sigtance of 20,000 ohims, The other arm has four values,
20,000 ohms, 2000 chms, 200 ohms, 20 ohms, providing
the four multiplying factors 1, 10, 100, 1000, Suitable
eapacitors are placed across these arms so that the prod-
uet 2C is constant. At 100 ¢, 10 ke, and 100 ke the ratio
arms are equal and have resistances of 200,000 ohms,
2000 ohms, and 200 ohms, respectively.

Shielding:
and shielded transformer are enclosed in an insulated
shicld, The unknown terminals are shiclded so that the

atio arms, dissipation-factor capacitors,

Type

zero capacitance across them is not greater than 1 ol
A metal dust cover and the aluminum }-:llll'] form a com-
plete external shield.

Frequency Range: The accuracies given above hold for
operating frequencies from 30 e to 300 ke, provided the
operating  frequeney  does not differ from the range
selector frequency by more than o factor of three. Dissi-
];:\1i:::|vf:|r-lnr rendings must be corrected }:_\' r|||l|lip|_\'i g
the dial reading |)_\' the ratio of t>]n'r;1lin-,: frequency to

the range selector frequeney.

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 30 volts
at G0 |'_\'-‘]|':-. If generator and detector are illll‘t'i'lx:l]:[.(l.’ti.
750 volts can be applied.

Temperature and Humidity: Variations of tempera-
ture over normal ranges (65° F to 95° 1) have no
significant effect on the aceuracy of the bridge, but
precise measurements of dissipation factor should not
be attempted when the bridge has been exposed to con-
ditions of abnormally high relative humidity, unless it is
dried h_\' heat or a desiccant.

Mounting: The bridge is supplied either for mounting
on u 19-inch relay rack or in a walnul eabinet,
Accessories Required: Oscillator and deteetor. For the
power source the Type 1302-A Oscillator (page 160) is
recommended. Tyre 1231-B Amplifier and Null Detector
(page 107) with Tyer 1231-P Filters (page 109), or the
Tyre 1212-A Unit Null Detector with Tyre 1951-A Filter
(page 110) is recommended for use as the detector at
es u radio re-

audio frequencies, At low radio frequen
ceiver is satisfactory for aural null indications.

FFor substitution measurements, a balaneing eapacitor
is needed. This may be a Type 772-1D Precision Cap-
acitor, page 50, or a fixed capacitor, Tyres 5035, 509,
1401, pages 55, 54 and 53.

Accessories Supplied: Two Tyee 274-NII Shielded
Connectors.

Other Accessories Available: I'or measurements on
unguarded dieleetric specimens, the Tyre 1600-A Dielee-
tric Sample Holder (page 88) is recommended
Dimensions: (Length) 19 x (height) 14 x (depth) 9
inches, over-all,

Net Weight: 4414 pounds, relay-rack model; 3414
pounds, czbinet model.

UNKNOWN
DIRECT
O

O
UNKNOWN
SUBST.

Code Word Price

716-CR
716-CM

For Relay-Rack Mounting. . ..
Mounted in Walnut Cabinet. .

" I BONUS - $525.00

C I BOSOM |

570.00

Worm-Correction Calibration for Inter-

nal Precision Capacitor . ...........

WORMY 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 pul and less call for
measurements of capacitance and dissipation
factor at a frequency of one megacyele. The
Type 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-
queney 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 at one mega-
cyele as does the standard model at one kilo-
evele,

In addition to its use in testing capacitors,

the Tyrr 716-CS1 Capacitance Bridge is satis-
factory for measuring dielectries with the
Type 1690-A Diclectric Sample Holder at the
ASTM test frequency of one megacycle.

SPECIFICATIONS

Capacitance Range: Direct Method, 100 to 1100 guf;
Substitution Method, 0.1 to 1000 uef.

Dissipation Factor Range: Direct Method, 0.00002 to

By ( C
0.56; Substitution Method, 0.00002 X 3 to 0.56 % o ’
X +X
where C7 is the eapaeitance of the standard eapacitor and

Cy that of the unknown.
Frequency Range: Calibrated for one megacvele, the

bridge operates satisfactorily at frequencies between 0.5
and 3 megacyeles.
Accuracy: At one megacvele, the bridge is adjusted to
have the =ame accuracy as the standard Typr 716-C at
low frequencies, This same aceuracy can be obtained at
other frequencies between 0.5 Me and 3 Me, if eorrection
is made for the effects of residual inductance.

Other specifications are the same as those for the
standuard Tyre 716-C.

o '.'"_r.';n'_ - — - (:l:f_h’; Ward - Prr'f:-ﬁ_
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 Type 716-C is grounded at
the junction of the capacitance arms, and the
bridge thus measures the lotal capacitance of
a two-terminal capacitor, one terminal being
grounded. The T'ypr 716-CS4 is constructed
with the junction of the resistive arms
erounded, leaving both terminals of the un-
known capacitance ungrounded. With this
circuit configuration the bridge measures the
direct eapacitance 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. FFor complete
freedom from this source of error, the Typi
716-P4 Guard Cirenit with the standard
Tyrr 716-C should be used.

SPECIFICATIONS

Sume as standard 716-C except:

Frequency: 400¢ x I multiplier position replaces 100e x 1
position,

Dissipation-Factor Accuracy:
Substitution Method: =-0.0001 or 2% of the dial
reading, whichever is larger, for values of 1D below 0.1,
Direct Reading Method: -£0.0005 or 429, of the
dial reading, whichever is larger, for values of D below
0.1.

_Type : —
716-CMS4 Capacitance Bridge (Mounted in Cabinet) ... ... ‘
716-CRS4 Capacitance Bridge (For Relay-Rack Mounting)

Cupacitance from  high UNKNOWN  terminal to
ground introduces error in dis<ipation factor reading at
rate of about 0001 per puf, when measurement i2 made
at the nominal frequencey. The error is reduced in direet
proportion as the frequeney is reduced, for a given ratio-
arm setting,

Terminals: Tyre 874 Coaxial Connectors for UN-

KNOWN terminals,

Code Waord

Price

BANDY ”_$595.0E
BIPED 550.00
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USES: T'he Guard Circuit is designed for use
with the Tyrr 716-C Capacitance Bridge to
facilitate the measurement of guarded dielec-
tric samples and of other small capacitances
where o 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 aceuracy of measurement that would be
obtained if the sample were positioned diveetly
at the bridge terminals.

DESCRIPTION: A basic schematic diagram of
the capacitance bridge with guard eireuit 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, K, of the unknown.
The impedance of S and 7" is relatively high
compared to the ratio arms of the bridge,
which makes the guard-cireuit balance less
eritical than it would be i hoth sets of arms
were of the same order ol magnitude. The
coupling eireuit, /', consisting of a single ad-
jllr-'l:lill(’ resistor, |)(-I'111il.-' part ial balancing of
the guard-to-ground terminal impedance, .J,
thus facilitating the balance of arms S and 7T'.

The cirenit and switching are arranged for
either 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-
pacitor 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 a maximum capacitance
of 1100 gpf is built into the guard civenit for
this purpose. Appropriately shielded and
guarded switching is provided for connecting
or disconnecting this capaecitor 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 at
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 switeh. Four adjustable resistors are
provided, with the switching so arranged that
they are used in pairs for each switeh setting,
one “‘coarse’” and one “fine” adjustment.

FEATURES: » Makes possible three-terminal
capacitance measurements with the Tyre
716-C Capacitance Bridge.

> Wide frequency range.

> Coupling eiveuit facilitates guard balance.
> Careful shielding assures aceuracy of meas-
urement.

> Switehing is so arranged that bridge can
also be used for two-terminal measurements.
> Guard cable meluded for connection to
sample.

Schematic diagram of the Guard Circuit and unknown
connected to the Tyre T16-C Capucitance Bridge.

SPECIFICATIONS

Capacitance Range: Designed for use with the x1 multi-
plier ranges of the Tyes 716-C Capacitance Bridge, ie.,
a range of 0-1000 guf. The range can be extended by ad-
ding external eapacitance to the standard arm of the
bridge,

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 models: Tyre 7T16-P4M in
walnut cabinet matehing ecabinet of Tyrr T16-0M;
Tyre 7T10-P4R for relay-rack mounting. Leads are ar-
anged for placing the guard circeuit directly above the
bridge.

Accessories Supplied: One Tyer 874-(02 Coaxial
Adaptor.

Net Weight: Tyre T16-P4R, 17 lbs.; Tyre 7T16-P4M,

up to 1000 guf ean be balanced out, 23 1bs. Dimensions: 19 x 837 x 91§ inches,
}"rf;;r . Code Word Price
716-P4M Guard Circuit (in Walnut Cabinet)............ BOSOMGUARD|  $315.00
716-P4R Guard Circuit (for Relay-Rack Mounting) ..... | BONUSGUA 1{1)[ 295.00

PATENT NOTICE. See Notes 3 and 4, page vi.
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TYPE 1610-A CAPACITANCE MEASURING ASSEMBLY

USES: The Typr 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, inductance, storage factor,
and resistance can be measured by substitu-
tion methods.

The guard ecireuit included as part of the
[610-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 loeated at the bridge terminals.

DESCRIPTION: The T'yvrr 1610-A consists of:
I Tyrr 716-C Capacitance Bridge
I Tyre 716-P4 Guard Cireuit
I Tyer 1302-A Oscillator
1 Tyre 1231-BRFA Amplifier and Null
Detector (ineludes 1'T'yer 1231-P5 Filter)

Rack unit and necessary conneeting cables.

Complete deseriptions of each of the five
instruments indicated above can 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 VW R-measuring instrument. The
filter in the assembly is tuned to 11 fixed
frequencies as selected by a switch, and any
other frequency in the range from 20c¢ to 100
ke with the addition of external capacitance.

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 electrical or mechanical
changes.

> Tyer 1690-A Dieclectrie Sample Holder can
be mounted directly on Capacitance Bridge.

SPECIFICATIONS

See specifications for Typr T16-C Capacitance DBridge,
Tyer T16-P4 Guard Circuit, Tyrr 1231-BRFA Amplifier
and Null Detector (includes Tyer 1231-15 Filter), and
Tyre 1302-A Oscillator.

Accessories Required: None, except a balancing eca-
pacitor for substitution measurements when the Guard
Cirenit is not used. This may be the Type 722-D Preci-
son Capacitor (page 50) or the Typr 505 Fixed Mica
Capacitor (page 54).

Type

1610-A

PATENT NOTICE, See Notes 1, 2 and 9, page vi.

| Capacitance Measuring Assembl; ............ |

Accessories Supplied: Necessary cables,
Accessories Available: For measurcments on unguarded
dielectrie specimens, the Tyer 1690-A Dielectric Sample
Holder (page 88) iz recommended.
Dimensions: (Height) 43 x (width) 2214 x (depth)
17 inches, over-all.
Net Weight: 20214 pounds,

Code Word Price

$1930.00

SEDAN |
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TYPE 1690-A DIELECTRIC SAMPLE HOLDER

0 MELEC

USES: The Tyre 1690-A Dielectric Sample Holder is
a micrometer-driven sample holder of the Hartshorn
type,* intended primarily for measurement of dielec-
tric constant and dissipation factors of specimens of
dielectric materials in the form of standard ASTNI
2" diameter dises. It can be used, for example, with
resonant circuits for susceptance-variation or fre-
quency-variation measurements, with the Typr
716-C Capacitance Bridge or the Typrr 821-A Twin-T,
with the Tyre 874-LLB 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 screw 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 aceurately 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 electrode will
adjust itself to the plane of the specimen surface.

A vernier capacitor with a capacitance range of 5 uuf
is also provided, for use in determining eapacitance
increments in the susceptance-variation method. This
capacitor is of the ecylindrical type, the mowvable
evlinder being a precision micrometer serew. Ten
turns of the screw cover the range of 5 puf, and the
drum attached to the screw is aceurately divided into
50 divisions, each corresponding to .01 ugf.

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
Typr 1690 Dielectric Sample Holder on the Tyer
716-C Bridge, and on the Tyrr 821-A Twin-T. An
additional adaptor for connection to the Tyre 874-LB
Slotted Line and Tyee 1602 Admittance Meter is also
available. The arrangement of the terminals 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 ean be measured
over a wide range of frequencies using the same holder
but different measuring circuits,

> Correetions for edge fringing and stray eapacitance
are taken care of by the calibration,

> Rigid ecasting supports entire structure,

> Large easily read dials.

> Complete shielding,

> Flexibility — can be used with a number of differ-
ent bridges or other measuring cireuits,

> Precision calibration provided.
> “Floating” eleetrode protects
against injury.

* L. Hartshorn and W. H. Ward. Proceedings of the Institution
of Electrical Engineers, v. 79, pp. 507-609 (1036),

precision  drive

SPECIFICATIONS

Electrodes: Diameter, 2.000 inches ==0.0025. Surfaces
are ground optically flat within a few wawvelengths.
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 ecapacitance as a funetion 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 geometrie value
at a spacing of 100 mils.

For the vernier capaeitor a correction ehart is provided,
from which eapacitance differences ean be determined to
an acceuracy of =4=0.004 upf.

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 ean be obtained for
many types of measurements.

Accessories Supplied: Tyre 1690-P1L Adaptor Assembly
for mounting to the Tyres 716-C Capacitance Bridge and
the Tyre 821-A Twin-T,

Accessories Available: Tyre 1690-P2 Adaptor Assem-
bly for connecting to Type 874-L.B Slotted Line or Typs
1602 Admittance Meter.

Mounting: Supplied with a wooden carryving case. A
drawer in the case provides storage for hardware, and a
spring clip holds the calibrations, which are mounted in
aluminum holders.

Dimensions: Over-all, mounted on adaptor, 614 x 53
x 414 inches.

Net Weight: 334 pounds.

Tupe Cade Waord Price
1690-A Dielectric Sample Holder ........... R R wAEE R LOYAL $435.00
1690-P2 . Adaptor Assembly (for Type 874-1B Slotted Line) .............. LOYALMOUNT 30.00

PATENT NOTICE. See Notes 3 and 4, page vi.
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TYPE 650-A

USES: The Tyrr 650-A ITmpedance Bridge will
measure the inductance and storage factor,
), of coils, the capacitance and dissipation
factor, D, of eapacitors, and the a-¢ and d-c¢
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 bench it has many
applications in routine testing and fault loea-
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: Tyre 650-A Tmpedance Bridge
is a conventional 4-arm impedance bridge. It
is entirely self-contained, including standards,
hatteries, and tone source, and is direct read-
ing over wide ranges of d-¢ resistance, a-c

IMPEDANCE BRIDGE

1000 eyeles, ecapacitance and
IR

N
\):ll 1000

induetance and storage factor (Q = ‘R

resistance  at
dissipation factor (f’) = ):u 1000 eveles, and

cycles.

Results 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 ecapaci-
tance are measured in terms of mica capaci-
tance standards, similar in construction 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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because
self-contained standards and power
feature of this

FEATURES: > Complefe availability,
of the
supply, is an outstanding
bridge. The only aceessory needed is a pair of
high impedance earphones,

> Wide ranges of all kinds of impedances can
be measured simply and with rapidity.

> Convenience, combined with sufficient accu-
racy for all but very precise work, makes the
Type 650-A invaluable in every electrical
1:111111':”(:1‘_\',

> Direct-reading dials eliminate additional
time and trouble with caleulations. The panel
photograph shows the simplicity of the
controls.

SPECIFICATIONS

Range: ‘1“'11' ranges of the instrument are given in the

followin

are the res

the oal led by the setting< of the

decade selector switches,

Vinimum Maximum

Nesislance 1 milliohn I megohin
1 mieromicro- 1O 1t
farad farads

I el uetanes 1 microhenry 100 henrys

Irl,
Dissipation Factor ( ) 002 1
) I X

1000

(at pere it nee Croe-

Accuracy: ng dial eovers two dee-

¥ wl out over 12 ches
1), It may be ~|! to 0.2.
i eapaeitanee and d-e resistance
te !|||li1i|!1il.
aceuracy [alls off in the lower ranges

thiree-quarter
\ceuraey of rew

is 195 for ".. intern

decades; for in-

|i|:||-1.'||:|--- = e Th

beeause of the extre |'.|1-|_\' stnall values to be measured. The
error i.nr-g.-;hn-n Lo 3' , for very i:lr:fv \':||Iu-_~ r||' r-:npnr-i!:mr-v
und d-c resistance, and to 1004 for large values of in-

iluetanee,

i=<ipation factor or for storage
oeal is either 209 or 0.005,

lizsipation factors larger than

Veeuraey of reading for «

cltors, the

accuracy

is 107;.. For « an S00 gufl when

urcd on the

diss

e -]h-: the error in

inctor 1203 A8 eapaciuanee '1!'1‘:'\':'.-|'-_

ding about 100¢ for 100 wu

The frequency of the :||:|-r-11.!'.u:||- hummer iz 1000 eycles
within ==57.
Tupe

650-A
650-AP

*Without earph I
PATENT NOTICE.

s hatteries,

sehematne

RESISTANCE

(WHEATSTONE) CAPACITANCE

Impedance Bridge, with batteries . . ... ..
Impedance Bridge, with Type 650-P1

Oscillator- Amplifier, A-C Operated . . . .

Brush, Model A, Earphones .................

B30-AP, sce Notes 9 and 14, page vi,

diagrams of the cireuits used in

Power Supply: Four No. 6 dry eells for the d-¢ measure-
ments and for driving the n
plied with the Tyee 650-A i I'-llimu Bridge
for them is provided at the top of the

The Tyer 650-171 lL Hator-Amplifier
next page is also de wl to fit into the battery com-

wne hummer are sup-

and space

net.

leseribed on the

partiment and provi inereased a-c¢ and d-e output for
the bridge. In addition it has an amplifier for use in the
detector cirenit and a number of othes t||.|>r.-|!i1|g_' features

The hridge, with Tyee 650-P1 Oscillator-Amplifier
installed. is available as the Tyre 630-A1 See price list

below,

External Generator: I’ been made for using

an external gener

o citance Lo groum

may i -‘II--i'-'-'t- =t 1on, the

frequene (! i e lew
eyeles to 1lrL. Ihe e

ean be reduced by

of genera
Tyere 478

See page 10067,

I'he ding of the
while the reading
of the loss dials must be correeted for requency, Pro-

goncerator -!I.l] br
main dial is independent of frequeney,

vision iz mnide for adding external resistanee il it is
necessary to inerense the ranges of these dinls.

Accessories Required: Farphones: Drush, Model
A, are recommended. To inerease the sensitivity, an ampli-

630-1"1 Oscillator

fier is recommended. (See Tyre

.\.‘::I

next 4

Mounting: Black erackle-finish aluminum panel mounted

1 shiclded walnut eal

Dimensions: (Width) 12 x (depth) 20 x (height) 815
inches, over-all.

Net Weight: 31

15 pounds including batteries,

Code II_'_u“rf Price
$260.00*

BEAST

410.00
12.00

FILLY
TELLO

the Tyre 650-A Impedance Bridge.

INDUCTANCE INDUCTANCE

(MAXWELL)

~
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BRIDGES

TYPE 650-P1
OSCILLATOR-
AMPLIFIER

USES: The Tyrr 630-P1 Oscillator-Amplifier
is & useful combination unit designed to fit
mto the battery compartment of the Tyrr
650-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 Tyrr 650-P1 is not limited to operation
with the Tyrr 650-A Bridge and can be used
as a compact oscillator-amplifier combination
with other bridge systems.

DESCRIPTION: The wvacuum-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-c
or the one-kiloeyele output, and a switch to
select a flat amplifier characteristic or a re-
sponse tuned to one kiloeyele. 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 19, of nom-
inal frequency after warm-up periods, thus
minimizing errors in D and ) measurements
caused 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.

> Type 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 +1%,.
Harmonies — less than 49 at full output.
Open-cirenit Voltage — continuously adjustable up to
maximum of 10 to 15 volts.
Internal Impedance — 2000 ohms,
Hum Level — 15 mv.
Amplifier:
Voltage Gain — continuously adjustable up to about
15 db (with average headphones).
Selectivity — upproximately 15 db attenuation to
second harmonic when tuned to 1 ke.
Humn Level — inaudible.
D-C Qutput:
Open-cireuit Voltage — 180 volts, approximately.,
Internal Resistance — 23,000 ohms.

Tupe i
650-P1 | Oscillator-Amplifier. . .......
Brush, Model A, Earphones. . . . .............

PATENT NOTICE, 8ee Notes 9 and 14, page vi.

Maximum Current — 8 ma, no adjustment provided,
Can be short-cirenited without damage.
IMum Level — less than 100 my no load.
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
60 eveles.
Power Input: 10 watts,
Vacuum Tubes: (all supplied).

1 — 66 2 — 6SL7-GT
Accessories Supplied: Connector for use between
oseillator-amplifier and bridge, and line cord,
Accessories Recommended: Earphones or a-¢ output
meter for use with amplifier on a-¢ measurements.
Dimensions: Cabinet— 10 x 2% x 634 inches.
Panel — 12 x 335 inches.

Net Weight: 9 pounds.

Code Waord Price i
........ | BOGUS $150.00
TELLO 12.00

GENERAL RADIO COMPANY 91



BRIDGES

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 ean 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-¢ 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, identieal in construction
with Typrr 670 Compensated Decade Resistor,

The variable inductor, L ,, in series with the
unknown makes it possible to obtain a final
induetance 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 aceuracy (within 0.1 gh)
for the measurement of small inductances is
one of the outstanding features of this bridge

> EFrrors 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 acceurately.

> 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.
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SPECIFICATIONS

Range: Inductance, 0.1 microhenry to 1 henry. The
range ean be extended by using Typre 14582 Standard
Inductors as external standards. When the internal
standard is wused, the bridge will balance for storage
factors between 0.06 and infinity at 1 ke.

Accuracy: Induetance, ==(0.277 - 0.1 uh). The capaci-
tunee across the UNKNOWN terminals is about 90 puf.
This capacitance will inerease the measured value of lurge
inductors fractionally by the amount «*'LC. At 1 ke and
1 I the increase is 0.3697.

Frequency Range: All calibration adjustments are made
at u frequency of 1 ke. The bridge can be used at any
frequency between 60 exveles and 10 kiloeayeles, but errors
resulting fromn stray (':lli:ll'if(lll('L' inerease with Irequency.
When large values of inductance are measured with
external standards, the frequency should be lowered to
avoid resonance effects.

Standards: The stundard induetor is a I-millihenry
toroid wound on a ceramic form, Resistanee halance of
the bridge is made by means of resistors having small
residual inductances,

Mounting: The bridge is supplied in a shielded eabinet.
Accessories Required: Oseillator, amplifier, and
earphones. Tyre 1214-A Osecillator (see page 164) and
Tyre 1231-B Amplifier and Null Detector (see page
107), or the Tyer 1212-A Unit Null Deteetor (see page
111) are recommended,

Accessories Supplied: Two Tyrr 274-NC Shielded
Connectors,

Dimensions: (Length) 1714 x (width) 16 x (height) 914
inches, over-all,

Net Weight: 33 pounds.

Type

667-A

Inductance Bridge. . ... ... ...

BRIDGES

GENERATOR

DETECTOR

UNKHOWH

Cade Waord Price

$450.00

AKRIE

TYPE 1604-B COMPARISON BRIDGE

USES: The Tvyrr 1604-13 Comparison Bridge is
designed for the rapid testing of components
at audio requencies, by comparison with an
appropriate standard. Typical measurements
for which this versatile instrument is suited
include: production testing of ganged poten-
tiometers or capacitors for tracking; measure-
ment of small values of capacitance; checking
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 cirenit,
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
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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, =+20%
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 a4 conventional R-C phase-
shift oscillator 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 the
ends of the shielded winding.

The detector is a three-stage, high-gain
non-linear amplifier. The highly non-linear
response permifs the bridge to be balanced
without continual resetting of the gain con
trol. Balance is indicated on a cathode-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: For impedance difference, 4577 and
42097, selected by a panel switeh. For dissipation factor
difference, 4-.006 at 400 ¢, £=.015 at 1 ke, ==.075 at 5 ke.
Impedance Range and Accuracy: Iinpedances between
2 (2 and 20 MQ ean be compared. For the 59; deviation
range the basie aceuracy is 4-0.19}, but at extreme values
of impedance the error is somewhat greater. The
range for resistors, capacitors, and induectors for which
the +0.19; accuracy applies is given in the table:

Frequency R L C
400 ¢ 201020 ?\IE!! 2 mh to 1500 h| 100 pf to 50 uuf
1 ke [2Qto20M2 1mhto 250h| 30 uf to 50 uuf
Ske [4€to 2M200 ghto 10h 2 uf to 50 pul

These ranges apply for comparison of eomponents whose
dissipation factor differences do not exceed .02. On the
209, deviation range the aceuracy is ==0,59; over the
same iln]u-:lrln(fe ranges.

Dissipation Factor Accuracy: The accuracy of
measurement of differences of dissipation factor is:

Fregueney Aﬂlf't:m‘r.uf_y
400 ¢ =4 (0.0002 + 29, of the impedance difference)

I ke | 2=(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 =439 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 junetion of the ratio arms of the
bridee is grounded, leaving both terminals of the stand-
ard and unknown ungrounded. With this connection the
direct impedance between terminals of a ecomponent is
meansured, and terminal impedanees 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

Type

impedance the voltage is deereased, corresponding to s
source impedance of the order of 100 Q.

Zero Adjustment: An adjustable index mark is pro
vided with locking means so that the zero can be offsa
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
eveles,

Accessories Supplied: Line-Connector cord.
Accessories Required: Adjustable calibrated standards
such as the Tyre 1432 Decade Resistors, Typs 210
Decade Capacitorg, and Tyer 1490 Decade Inductors
may be used. Fixed standards such as the Tyre 500
Standard Capacitors, Tyre 1481 and Tyee 1482 In
ductors, and T'yere 500 Resistors may also be used when-
ever appropriate values are available.

For production tests, the standard is often a component
of the type to be tested, that has been measured inde
pendently or otherwise selected.

Accessories Available: Tyres 1231-P2 and 1231-P5
Filters (pages 108 and 109) for providing frequeney
dizerimination.

Mounting: Welded aluminum eabinet.

Dimensions: (Width) 12 inches, (height) 1414 inches,
(depth) 10 inches, over-all,

Net Weight: 2214 pounds.

Basic schematie diagram of the bridge cireuit used in
the Tyre 1604-B Comparison Bridge.

Cade Waord Price

1604 -B

PATENT NOTICE, See Note 2, page vi.

| Comparison Bridge .. .........

FATTY $390.00 -
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TYPE 1612 R-F CAPACITANCE METER

USES: The Tyrre 1612-A R-F Capacitance
Meter is a device for conveniently measuring
apacitances up to 1200 upf at 1 megacycle.

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 Lo compare the concentra-
tions of ingredients in a process with a
standard mixture.

The low-range model, Tyre 1612-AL,, is par-
ticularly useful in measuring the capacitance
between terminals of a vacuum-tube socket
(RETMA 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 a 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 ecapacitance 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: » [Ease and speed of measurement.
> The range of the instrument covers capaci-
tors commonly used in r-f circuits.

> Comparative indications of dielectric losses
are readily obtained.

> Simple and accurate.

> A-C or d-¢ operation.

> Capacitances as low as 0.05 pul can be
measured on the Tyrr 1612-A1, model.

SPECIFICATIONS

Capacitance Range: Tyre 1612-A, 0 to 1200 gyl in two

bands — 0 10 80 pef and 0 to 1200 uuf; Tyree 1612-A1,

I to 100 gef in two bands,— 0 to 10 puf and 0 to 100 wuf,

Ranges are switehed automatically as eapacitance dial is

rotated.

Capacitance Accuracy:
Type L Range

1612-A

I_}"{Tﬂ-{! Ra nee

| 0.4 puf below 10 uuf | 24 guf below 100 guf
45 above 10 puf +477 above 100 puf

1612-AL 40,04 pul below 1 pud
| =400 ahove 1 puf

4=0.4 puf below 10 puf
447, above 10 uuf

Meter Circuit: Square law,
Voltage Across Unknown: (for High ) eapacitors)

1612-A Hizh Range 10 volts full scale
Low Hange 35 volis full seale
1612-AL  High Range 35 volts full seale

Low Range 106 volts full seale

Capacitance Scale: Seale is spread out at low end of
dial and nearly Hnear at high end. For Tyree 1612-A,

smallest division is 1 wuf for the low range and 20 upf
for the high range. For Tyre 1612-AL, smallest seale
divisions are 0.1 and 1.0 gef, respectively, Minimum meas-
urable eapacitance is about one-half the smallest division.
Dielectric Losses: Relative meter indications with
different dielectric samples give a compurative measure
of dielectrie loss.

Oscillator Frequency: 1 megacyele 4177 adjusted at
factory. Frequeney ean be readjusted if necessary by
means of a movable dust core.

Resonance Indicator: A IN34 ervstal rectifier is used
with a microammeter to indicate resonance.

Tube: 117N7-GT.

Accessories Supplied: Line connector cord and spare
fuses,

Power Supply: 115 volts, 50 to 60 eyveles ae, or de,
Power Input: 12 watts av 115 volts, ae. 11 watts at 115
volts, de,

Dimensions: (Length) 12 x (height) 62§ x (depth) 714
inehes, over-all.

Net Weight: 12 pounds, 4 ounces.

Tupe ) Code Word Price
1612-A R-F Capacitance Meter. . .. .oouuuiiiiniennnanenn AFTER | $220.00
1612-AL R-F Capacitance Meter. .......iovvuvunrnnrnnnes | AGAIN ] 220.00

PATENT NOTICE. See Note 2, page vi.

SOCKET ADAPTORS FOR USE WITH TYPE 1612-AL (For RETMA Specification TR-111)
1612-P1 Adaptor for 7 -pin miniature . . ........... .. 000ns HEPTA £9.00
1612-P2 Adaptor-forotial: s i mniarmraaes OCTAL 9.00
1612-P3 | Adaptor for 9-pin miniature noval ............... NOVAL %.00
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TYPE 916 RADIO-FREQUENCY BRIDGE

USES: The Tvyre 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 eireuit
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-"T, which is best suited for measuring
high impedances. Two models are available:
Tyre 916-A, 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 Tyrr
016-AL is recommended, because of its higher
sensitivity in that frequency range.

DESCRIPTION: The bridge circuit used is
shown schematically in the diagram 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 C'y and Cp. The un-
known reactance at 1 Me is read directly in
ohms from the dial of C'p, and the unknown
resistance in ohms from the dial of (5.

In making measurements the bridge is first
balanced by means of capacitors C'p and €
with a short-cireuit aeross the unknown termi-
nals. The short is then removed, the unknown
impedance connected, and the bridge re-
balanced. The resistance is then given by

Gragw
lll; = - 11)“ \Lag

= f'_1,]
r..\'

and the reactance by

s 1/ 1 l
o= w(('l"": (.f'l)
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where the subscripts 1 and 2 denote the dial
readings for the initial and final balances,
respectively.

The resistive ecomponent is measured in
terms ol a fived resistor (£y), a fixed capacitor
(Cy), and a variable capacitor (C4). This
feature is an important factor in the high-
frequency performance of the bridge because
residual parameters can be made much smaller
in a fixed resistor and a variable capacitor
than in a variable resistor,

FEATURES: > Direct-reading in resistance,
independent of frequency.

> Direct-reading in reactance at a single
frequency; reactance at other frequencies is
determined by dividing dial reading by oper-
:1Iil‘1§_3; i't‘("||ll(‘[l('_\',

> Rapid, convenient, and aceurate for antenna
impedance measurements,

> Wide frequency range.

> Easily portable — carrying ease is rugged,
and cover provides storage space for cables.

BRIDGES

REACTANCE IN OHMS

w
=
x
o
=
w
o
Z
=X
[
w
v
w
[+ 4

(1]
(=]

FREQUENCY IN Mc

Reactance and resistance of an antenna system measured

with the Tyre 916-A Radio-Frequeney Bridge.

SPECIFICATIONS FOR TYPE 916-A

Frequency Range: 400 ke to 60 Me,
Reactance Range: £35000 {2 at 1 Me. This range varies
inversely as the frequeney, and at other frequencies the
dial reading must be divided ]r.\' the ft'oquunr:_\' in Inega-
eveles.
Resistance Range: 0 to 1000 {2,
Accuracy: l'or reactance, at frequencies up to 50 Me,
(2% 4 1 Q 4 0.0008 X R X f), where R is the meas-
ured resistance in ohms and f is the frequeney in Me.
I'or resistance, at frequencies up to 50 Me, +(19
+ 0.1 &), subjeet 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 instruction book that is
supplied with the bridge.
Satisfactory operation can be obtained at frequencies
up to GO Me with somewhat poorer accuracy above
50 Me than at lower frequencies,

SPECIFICATIONS F

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: ==11,000at 100 ke, This range varies
mversely as the frequency, and at other frequencies the
dial readings must be divided by the frequeney in hun-
dreds of ]ii[::r_\'l'll’.:::. To facilitate the measurement of small
reactances, the instrument is provided with an inere-
mental reactance dial which has a range of 100 ohmns
at 100 ke.
Resistance Range: 0 to 1000 1.
Accuracy: lIor reactance at frequencies up to 3 Me,
Yo 100 ¢ z
+(29 + 0.2 X e Q4 3500 X 10710 ) where R is
Jke

Type

Accessories Supplied: Two input transformers, one
covering the lower portion of the frequency range, the
other the higher portion; two leads of different lengths
(for connecting the unknown impedance); two 874-1R21
Coaxial Cables for conneeting generator and detector;
one Tyre 874-PB Panel Connector.

Other Accessories Required: Radio-frequency gener-
ator and detector. The Tyre 1330-A Bridge Oscillator
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-shielded radio
receiver covering the desired frequency range makes a
satisfactory detector. It is recommended that the
receiver be fitted with the Tyre §74-PB Panel Connector
supplied to avoid leakage at the input connection.
Mounting: Airplane-lugenge type case with earrving
handle. Both input transformers are stored inside the
case. Coaxial eables, leads, and instruetion book are
stored in the cover of the instrument when not in use,
Dimensions: 17 x 1314 x 111§ inches, over-all.

Net Weight: 3415 pounds.

OR TYPE 916-AL

the measured resistance in ohms and fy. is the frequency
in kilocyeles. The errors in reactance inercase relatively
rapidly at frequencies above 3 Me; and at 5 Me the aceu-
racy is ==(29; 4+ 0.01 2 + 2.3 Rt X 1072 Q). For resist-
ance, at frequencies up to 5 Me, (1% - 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 specifieations are identieal with those for Tyre
916-A, above,

916-A
916-AlL

PATENT NOTICE. Hee Notes 3, 4, and 12, page vi.

[ Radio-Frequency Bridge (400 kc to 60 Mc)_. N
Radio-Frequency Bridge (50 ke to 5 Mc). . ..

E_'Orfa.' Waord ) Price
CLvIC $495.00
CLUCK 535.00
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OQAPACITANGE
-

e

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 capaci-
tance and conductance and can be used to
measure the capacitance and dissipation fac-
tor of capacitors, the inductance and Q of
coils, the resonant impedance of parallel tuned
cirenits, 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
measurcd. Tt is particularly useful for measur-
ing impedances having small phase differences
from zero or 90° such as dielectric samples,
low-loss ecapacitors, high-Q coils, and rf
resistors, and for accurately indicating the
end point in titrations,

DESCRIPTION: The instrument uses a Paral-
lel-T" null eirenit, as shown in simplified form
in the schematie diagram. Measurements are
made by a parallel-substitution method. An
initial balance of the cireuit is obtained with
the unknown disconnected: the unknown im-
pedance is then connected and the eirenit re-
balanced for a null. The components of the
unknown impedance are determined from the
changes in setting of capacitors Cp and Cq.
The measurement is made in terms of the ad-
mittance components of the unknown.

The value of conductance is given by :

; - Alg g
G. = a'C'C'R ?‘ = kw®ACq,

and the dial of O is calibrated to be direct
reading at 1, 3, 10, and 30 Me. FFor 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 zero.

The setting of the capacitor (' determines
the susceptive balance. The calibrated capac-
itor dial is direet reading in micromicro-
farads. Capacitance ean therefore be measured

H~-F
POWER SOURGE =

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. Typr 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 capacitors are brought to
a common ground point.

> The mechanical arrangement keeps leads
short and direct, thus minimizing lead im-
pedances.

BRIDGES

CAPACITANCE = put

a
2
E
=
W
s
=
B
o
H
a
=

FREQUENCY —Me

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 663 type.

SPECIFICATIONS

Frequency Range: 460 ke to 40 Me.

Capacitance Range: The dial of the standard capacitor
is calibrated from 100 to 1100 pgf, and the range of capaci-
tance measurement by the parallel-substitution method
is therefore 0 to 1000 wpuf.

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 frequency in megacyeles.

Conductance Range: Direct Heading:

Interior view of the Twin-T,

Type

() — 100 pmho at 1 Mc 0 — 1000 gmho at 10 Me
() — 300 gmho at 3 Me 0 — 3000 gmho at 30 Me
Between these direct-reading ranges the range of the con-

duetance dial varies as the square of the frequency.
Accuracy: =4=(0.19, + 2 uul) for capacitance, For con-
ductance, 4(29 of actual dial reading + 0.17; 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 eapacitor is sup-
plied, giving secale corrections to 0.1 pui at multiples of
100 upf. By using these data, eapacitance measurcments
can be made to 20,177 or 0.8 uuf, whichever is the larger.
Accessories Supplied: Two Tyre S74-R21  coaxial
eables for connections to generator and detector; Tyre
874-P Panel Connector.

Other Accessories Required: A suitable radio-fre-
queney generator and a detector are required. The Tyre
1330-A Bridge Oscillator (page 166) is recommended as a
generator, and a well-shiclded 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 Connector supplied to avoid leakage at the
input eonnection.

Other Accessories Available: FPor measurements on un-
guarded diclectrie specimens, the Tyre 1600-A Dielectrie
Sample Holder (page 88) is reeommended.

Mounting: The instrument is mounted in a shielded,
airplane-luggare tyvpe of case with carrving handle.
Dimensions: 174 x 12 x 914 inches, over-all,

Net Weight: 24 pounds.

Cade U'tlnl Price

821-A [ Twin-T.............. ATy
PATENT NOTICE. See Notes 3, 4, and 7, page vi.

LAGER $5;0.00
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TYPE 1601-A V-H-F BRIDGE

USES: The Tyrr 1601-A V-II-I" Bridge is
designed  for the direct measurement of
relatively low impedances at frequencies
between 10 and 165 megacyceles. It will
measure high impedances indirectly. Among
its applications are measurements on an-
tennas, lines, networks, and components. It
15 particularly well adapted for the accurate
measurement of 50-ohm coaxial systems, and
is supplied with a coaxial adaptor to fit the

Basic bridee cirenit for the Tyree 1601-A V-11-T Bridge.

100

bridee 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
Tyrr 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 cach is indicated on a separate dial. Cali-
brations are in ohms resistance and in ohms
reactance at 100 megacyveles. The resistanc
dial calibration is independent of frequency.
{eactance at any other frequency is obtained
by dividing the dial reading by the operating
frequency in hundreds of megucyeles.
Particular attention has been paid to the
design of the bridge transformer and of the
terminal strueture to which the unknown im-
pedance is connected, in order that the bridge
be direct-reading, with a minimum of correc-
tions. Although residual parameters have been
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
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BRIDGES

Left) Plot of the impedance of a single element of a 16-element antenna array as measured on the Tyer 1601-A
V-I-I7 Bridge. Numbers on curve indicate frequency in megacveles. (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 are the
General Radio Type 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-
quencics.

> Terminal arrangement permits both eoaxial
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-
ition ean, for some measurements, be obtained at fre-
uenecies as low as 2 Me and as high as 175 Me, but the
bridge sensitivity decreases markedly at frequencies be-
vond the nominal range of 1010 165 Me. In addition, the
aceuracy of measurement of small reactances decreases
s the frequency decreases, owing to lack of precision in

reading the reaetance dial, whose range is inversely pro-

g;-‘JI'TiU!l.‘ll 1o frequency and at l-r't‘i[ul'm'iv.» above the
mlllil!:|| range the ot ctions f!t‘ﬂ'nlm- |.‘i|','.,'l‘['.

Reactance Range: =200 ohms at 100 Me. Dial range
varies Inversely with frequeney and is ealibrated at
00 Me.,

Resistance Range: 0 to 200 ohms, independent of
frequeney.

Accuracy: I'or resistance, £ (277, 4+ 19) subject to cor-

rection for induectance in the eapacitor used to measure

resistanee. The correction inereases with frequeney and

the magnitude of the resistive eomponent, A correc-
tion ehart is -!!;»;-|iuri with the instrument. T'he ohmic un-
ertainty
| ohun, i

indicated in the accuraey statement, namely

oughly ]-l‘n,'.lru']iult:d to the magnitude of the
mponent of the unknown impedanee, The indi-
cated value is the maximum obtainable, and the minimum
s (.1 ohni.

For reactance, £=(5% -+ 2 Q). The ohmic uncertainty
sroughly proportional to frequeney and to the magnitude

reqaet i ve o

Ty

1601-A
874-WM

V-H-F Bridge™} .
50-Ohm Termination™

of the resistive component. The maximum value is indi-
cated and the minimum value is 0.1 ohm at 100 Me.

Accessories Supplied: Two Tyre 871-1820 Cables; one
Typr 1601-204 Coaxial Ixtension Assembly; one Typer
874-WN Short-Circuit Termination; one Short-Circuiting
Cap;: one Tyre 87T4-P Pancl Conneector; Smith Charts.
Other Accessories Required: -1 generator and re-
ceiver covering the desired frequeney range; Tyre 1208-A
Oseillator (page 168) i recommended for frequencies
above 65 Me, and, for low requencies, the Tyre 1330-A
Bridge Oseillator (page 166). Both oseillator and receiver

should be reasonably well shielded. It is reconmmended
that the receiver be fitted with the Tyee S7T4-17 Panel
Connector supplied to avoid leakage at the input eon-
nection,

Additional Accessories Recommended: A Tyre
S74-WAM 50-olun Termination is uzeful in ¢

bridge adjustiments, The generator and deteetor termi

king the
s

are Tyere 874 Coaxinl Connectors. Adaptors for connee-

tion to the various types of military connectors and to
V-H-F 1%g-inch are listed on pages
135-137. An additional adapter will be needed when

coaxial svstems to be measured are fitted with military

ransmission line

connectors.

Dimensions: (Length) 13'% x (height) 9 x (depth)
1014 inches, over-all.

Net Weight: IS pounds,

Code Word Price

FL  $440.00

FLORRA
COAXMEETER 17.50

PATEXNT NOTICE. *See Notes 3 and 4, page vi. {See Note 12, page vi
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TYPE 1602-B U-H-F

USES: The Admittance Meter is a null-type
instrument for determining the components of
an unknown admittance in the VHI-UHF
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 & network to a prede-
termined admittanece or for matehing one net-
work to another and is particularly useful in
matching antennas and other networks to
50-ohm ecireuits.

As a comparator, the Admittance 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 Type 874-1LLIK 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

102

ADMITTANCE METER

Admittance Meter dials read directly in im
pedance parameters, i.e., the series resistanee
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 (134-inchl
and UHTI (3Y%-inch) transmission lines used
with TV transmitting antennas. With thess
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 a shielded

GENERAL RADIO COMPANY



\dmittance Meter set up with component mount and
adjustable line to measure resistors at 500 megacycles

pickup loop to sample the current, a second
line, and loop, terminated in a pure resistance,
and a third line, and loop, terminated in a
pure reactance. All are fed from the same
voltage source, so that their input voltages
are in phase, and the current in each line is
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 conduetance 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: » Dial scales are direct-reading,
independent of frequencey.

> No sliding balance: conductance and sus-
ceptance adjustments are independent.

> No initial balance is necessary.

> Wide-frequency range—direct-reading from
41 to 1000 megacycles; Can be used at fre-
quencies as low as 20 Mc and as high as
1500 Me.

> Covers completely both V-II-I" and U-TI-F
television bands.

> Accurate, rapid, and easy to use.

SPECIFICATIONS

Range: Theoretically, zero to infinity; practically, the
ower limit is determined by the smallest readable inere-
nent on the seale which is 100 micromhos (0.1 millinmho).
[he upper limit is 1000 millimhos. Range is the same for
both |~u|nfl||'l:r.!|t‘(‘ ;lmi susceptance, hm susceptance can
be either pthiti.\'l' or negative, i.e., the susceptance dial is
calibrated from —20 to 420 millimhos. Multiplying fac-
tors from 1 to 20 are provided, and factors from 20 to 100
ean be determined approximately.
Frequency Range: 41 to 1000 Me, direct-reading,
Range can be extended downward to 20 Me, if u frequency
orrection is applied to. the susceptance reading, and
ipward 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 « millimhos ==(3 \/ﬁ‘( -+ 0.2 millimho)

where M is the seale multiplying factor. Above 1000

Me, errors inerease slightly, and, at 1500 Me, the

basie figure of 3%, in the expression above beecomes

500, For matehing impedances to 50 ohms, the aceuracy

is 397 up to 2000 Mec.
Accessories Supplied: One Tyre 1602-P4 50-Q Termina-
tion, for use as conductance standard, and one Tyrr
1602-P1 Adjustable Stub and one Type 1602-1’3 Variable
Air Capacitor, for susceptance standards; two Tyre
874-1120 Pateh Cords for connections to generator and
detector; and one Tyee S7T4-PB Panel Connector for
installation on detector. A wooden storage case 1s
furnished.
Additional Accessories Required: Generator and
detector. Generator should cover desired frequency range
and deliver between 1 volt and 10 volts. Type 1208-A
65 to 500 Me), Tyee 1215-A (50 to 250 Mc) and Tyre
1200-A (250 to 920 Me) Unit Oscillators (zee page 168),
are recommended. The Typre 1021-AU and AV Standard-
Signal Generators are also .a:ni.-_-l':f.:-mr_\',

Deteotor sensitivity should be better than 10 micro-
volts, Recommended detector is a heterodyne system

Type

consisting of the Type 87T4-MI1 Mixer Rectifier (page
129), the Tyre 1216-A Unit I-F Amplifier (page 118) and
a second Unit Oseillator to provide the heterodyning
rrl'(llll‘ll"_\'.

Other Accessories Available: Coaxial adaptors (page
136); line stretcher (page 130); balun (page 132); and
component mount (page 129),

Terminals: All terminals are Tyee 874 Coaxial Con-
nectors. Adaptors are available for other coaxial systems
(page 1306),

Dimensions: 714 x 514 x 514 inches, without standards
and unknown connected,

Net Weight: 8!4 pounds.

Schematic dingram of admittance meter cireuit, with
standards, generator, and null detector conneeted for
IIllT]IiIf:I!ll‘i‘ maeasurements.

Code Word Price

1602-B | U-H-F Admittance Meter

PATENT NOTICE. Sce Notes 3 and 4, page vi.

' HONEY |
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TYPE 561-D VACUUM-TUBE BRIDGE

EEEE
IIIIIN

Q® e

Left. Panel view of the Tyre 561-1) Vacuum-
Tube Bridge.

Above. Adaptors, leads and pateh cords sup-

plied with the Vaeuum-Tube DBridge. These

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
lugs.

USES: The Tyre 561-D Vacuum-Tube Bridge
makes possible the measurement of the low
frequency dynamic cocfficients of vacuum
tubes and transistors over very wide ranges
of wvalues and under a wide variety of
operating conditions. The ecirenits 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 circuits, 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 in
unconventional and special circuits, where
any one of the electrodes may be used as the
operating electrode and where the parameters
may have negative values.

The ecircuits have large enough current-
carrying 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 of measurement,
in which phase shift and capacitance errors
have been given special consideration in order
that the operating range of the bridge may be
as wide as possible. Each 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 balancing cireuit,
but its value does not enter into the resulis.

An extremely flexible arrangement of the
control circuits makes it possible to measure
the parameters referred to any pair of
clectrodes. Connections from the tube or
transistor under test to the measuring cireuit
arc made by means of concentrie cables and
Jacks, connected to a nine-terminal jack
plate, 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 eireuit,
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 adaptors and
sockets that can be mounted on the universal
adaptor are furnished for sub-miniature tubes
and transistors.

FEATURES: > A simple and straightforward
measurement procedure is used and-is exactly
the same for all three coefficients. A three-
position switch is turned to the desired guan-
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



Silnplifiwl diagram of the circuit l‘.ll1IJ|()_\‘l‘.ii for the meas-
urement of transconductance with the Type 561-D
Vacuum-Tube Bridge. The a-¢ plate eurrent resulting
to the grid is balanced by an
equal and opposite current applied 1o the plate from the
source ¢z, through the standard resistance. The setting of
the decimal attenuator at the bottom of the !}:I]Il_‘l ]_:i\'l‘:'\
the significant figures in the result, and the settings of the
step attenuators (ep and e2) indicate multiplying factors
MULTIPLY BY and pIviDE BY on the panel switches).

from the applieation of o

Any quadrature component through the output trans-
ormer resulting from the tube interelectrode capaci-
ances can be balanced out h.\' the voltage of the extra
split secondary, acting through the double-stator capac-
itor. This balance 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 e; and ez
are changed by a switch when the other constants are
measured. Another switeh reverses the polarity of e7 when
negative values of the coeflicients are to be measured.

> Indr‘pvnc{vnl measurements of the three
main parameters are possible, i.e., none of
the balances depends in any way on any
other. T'herefore independent eross cheeks ean
be obtained from the known relationship
involving the three coefficients.

> Negative values of the coeflicients can be
measured as readily as positive values.

> Interelectrode capacitance effects are bal-

BRIDGES

STANDARD
RESISTANCE

CAPACITANCE
BALANCE

s 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 of 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 ;nl:‘ti- resistunee (r,); 50 ohms to
20 megohms.

Transconductance (g,.);: 0.02 to 50,000 micromhos.

Under proper conditions, the above ranges can be
execeded. The various purameters ean also be measured
'.\-‘El'_h respect to \‘:I]'ifl!l.\' l'lt'llll'lll'\_ _-l:ril u% sereen g:‘i-_i:-_:. cloe,
Negative as well as positive values can be measured.
Accuracy: Within %27, for resistances (r, switeh
position) from 1000 to 1,000,000 ohms. At lower and
higher values the error inereases slightly,

The expression g N L will eheek to +=295 when the

antities are all measured by the bridge, and when r,
is between 1000 and 1,000,000 ohms.
Tube Mounting: Adaptors are provided as follows:
f-pin, 3-pin, G-pin, small 7-pin, large 7T-pin, octal, locking
in, miniature button 7-pin, miniature button Y-pin
(noval), acorn (5- and 7-pin), flat-press sub-miniature
up to 7 wires, and S-wire sub-minar. In addition, a
universal adaptor, with nine soldering lugs, is provided so
that unbaszed transistors, unmounted tubes, or tubes with
non-standard bases, can be measured conveniently. For
short-lead sub-miniature tubes and for transistors,
sockets are supplied which ean be mounted on the
universal adaptor. Thus all standard commereial receiv-
g th(.-.-é :md transistors ean be measured. The 41
jack plate and the adaptors are made of low-loss material,
usually vellow phenolic, reducing to a minimum the
shunting effect of dieleetrie losses on  the :1_\'Il:ll:|it'
resistance being measured.

Tupe

561-D

| Vacuum-Tube Bridge. . ......c......

Current and Voltage Ratings: The circuits have large
enough current-carrying eapacity and sufficient insula-
tion so that low-power transmitting tubes may be tested
in addition to receiving tubes and transistors, Maximum
allowable plate current 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
required by the deviee under test,

Bridge Source: A source of 1000 eveles is required.
The Tyre 1214-A Oscillator, Tyre 813-A Audio Oscillator
or the Tyer 723-A Vacuum-Tube Pork is suitable for
this purpose.

Null Indicator: The Tyre 1212-A Unit Null Detector
with the Tyrr 1951-A Filter or the Tyer 1231-B Awmpli-
fier with the Tyee 1231-1°2 Filter and a pair of sensitive
l’:l|'I]]ll'”!(’." are r('l'l‘}l]l“ll'nfil’i|.

Accessories Supplied: Adaptors as listed above, all
necessary plug-in leads, and shielded pateh cords for
connecting generator and detector,

Mounting: The instrument is mounted in a walnut
et. A wooden storage case is provided for the adap-

5 and leads. Storage space is ||:|‘r1t‘isi|<r| for a spare
iniversal adap , on which any type of sock ean be
Uniy il adaptor, on which any ty f ket ean t
pa-[':n:nu_*ntl_\' mounted.

i i : (Length) 1835 x (width) 1534 x (height
Dimensions: (I th) 183 1th) 15334
12 inches.

Net Weight: 60 pounds,

Code Waord 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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TYPE 578 SHIELDED TRANSFORMER

USES: The T'yre 578 Shielded Transformer has
been designed for use in direct-reading a-c
bridges to isolate the bridge from changes ol
electrostatic potential in the external eirveuit
and to reduce the effect of the capacitance of
this external ecircuit 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 Tyrr 578 Shiclded Trans-
former is provided with two shields, om
around each winding. A third shield effectively
grounds the core laminations to the case.

FEATURES: » The intershicld eapacitance is
less than 30 pul so the total added capacitane
placed across the bridge wrms 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, or 1 to 4.

Frequency and Impedance Range: See table below.

Capacitance: The direct capacitance between primary
and secondary windings is less than 0.3 puf; that betweer
the primary and seeondary shields is less than 30 puf.
:\\'r'r:u:l' values for the r':tl:::r-il:m-‘{-- in the llium':lrr] are

(Below) Grounded bridge supplied through a double-

shiclded transformer. When case iz grounded, the capaci-

tance placed across each eapacitance arm is 40 ppf. Note

that the winding shield on the bridge side is not grounded,
but is floating.

G B8 O 08 s cvvvnsmaviesinmanis each 200 puf

P g A o N AL L 0.3 uuf

[ 6N 41 e I P S K each 70 puf
| Srecy Cennn.. P | 7T
if-Seeco ik Winding Inductance: Approximately equul to the

square of the number of turns multiplied by 3.5x 107®
henrys. (See table below.)
D-C Resistance: (In ohms) approximately 30 times the
induetance in henrys.
Applied Voltage: The high-impedanee winding of T'yres
H78-A or <13 may be connected directly neross a 115-volt
50- to G0-cyele line if the impedance connected to the
other winding v."'1|ll:||:-‘ or exceeds the lowest value given
under “low impedance” in the table below, The Tyre
578-B may be 11r-0f1 at 25 {'_\'f‘lv- under the sume conditions.
For Typres 578-A or -B, the low-impedance winding
may be conneeted direetly to a 113-volt, 50- to 60-
line provided that the resistance aecross the high-imped-
ance winding exceeds 10,000 ohms. The Typr 578-B may
be used at 25 cyveles 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 transformers are
mounted in Model B cases (see page 165 for dimensions),
Net Weight: 2! pounds,

1 mpedance Range*

Low-Impedance High-1 m pedance
T_r”n Turns f"rrt.un'ur'y Run{.h_'* Winding Winding Code Word Pries

'578-A | 600 to 240050 cycles to 10 ke| 50 2 to 5 k| 1 k2 to 100 k@] tanLe | $25.00
578-B | 1000 to 4000 |20 eycles to 5 ke[ 60 2 to 6 k2| 1.2 k2 to 120 k2| TENOR 25.00
578-C 60 to 240| 2keto500ke |2092to2k2|0.4 k2to 40 k2| TEPID 25.00

*These 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 Tyrr 1231-B Amplifier and Null
Detector ean be used as a high-gain amplifier
for general laboratory use or as a sensitive
visual null detector 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 crystal microphones, vibration pickups
and eathode-ray oscilloscopes.

With a suitable erystal 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-LB 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
amplifier for null-detector use. The panel
meter indicates the amplifier output in two
ranges, serves as a null indicator, and is also
used 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 BA48 battery
pack or the Type 1261-A Power Supply can

=

be placed within the cabinet to operate the
instrument, 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 circuits 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 circuit 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
measurements,

> IHarmonics 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 uul.

Maximum Gain: Greater than 83 db at 1 ke with 1
megohm load.

Meter Scales: NORM scale: This seale is the one nor-
mally used to monitor the amplifier output voltage. It is
calibrated approximarely in volts with an aceuracy of
reading of =457 of full seale,

SIINS scale: This seale is used for determining ratios
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of voltages successively applied to the input terminals,
as in standing-wave measurements. It is calibrated
approximately in decibels with an arbitrary zero. Thus
i ratio expressed in decibels is obtained by subtracting
one meter reading from another. Ratios so obtained are
accurate within 309 of the eorrect value in decibels,
provided at least one of the readings is above half seale.
No separate seale is provided for NULL DET opera-
tion, since actual readings are not needed.
Null Detector Sensitivity: Less than 100 mierovolts
input is required to give 109 indication on the meter
at 1 ke.
Amplifier Sensitivity: Less than 25 microvolts 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 megohmn,
Noise and Hum Level: The open cireuit noise level is
less than 0.5 volt at full gain., When the Tyre 1261-A
Power SBupply is used, the open cirenit noise and hum
level is less than 1 volt,

Frequency Response: See curve on preceding page.
Tubes: The instrument requires two T'vyre 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 eombination with Tvyre 1231-P5 Filters and
with Tyre 1261-A Power Supply. See price list below.
Accessories Available: Filters for providing frequency
diserimination as follows: Types 1231-P2 and 1231-1°3,
page 109; Tyee 1231-P5, below; and Typre 1951-A, page
112, The 1951-A Filter, connected ahend of the amplifier,
is particularly useful for three terminal measurements
under conditions of high 60-cyele pickup. Where shielded
input and output are desired, Tyre 274-NEO Patch
Cords should be used.

Dimensions: 1214 x 8 x 1024 inches, over-all.

Net Weight: 23%{ pounds, including batteries,

CABINET MODELS

- Tupe . - Cade Waord - Pn'oe_ -
1231-BM Amplifier and Null Detector, battery operated | vaLID $250.00
1231-BMA | Amplifier and Null Detector, a-coperated . ...,  VENUS 378.00

Filters, as required, should be ordered as separate items,

RELAY-RACK MODELS

~ Tupe - Code Word ~ 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 operated,

with Type 1231-P5 Filter. ... ........... VIGOR 450.00
1231-BRFA | Amplifier and Null Detector, a-c operated,

with Type 1231-P5 Filter. . . . ........... VILLA 578.00

TYPE 1231-P5 ADJUSTABLE FILTER

108

USES: This 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 eleven
frequencies, any one of which can be selected
by a switch. Terminals are provided for con-
necting an external capacitor to tune to any
other frequency between 100 ke and 20 e.

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



Tyee 1231-P5R with Tyer 1231-BRA Amplifier and Null
Detector. This combination is a Tyre 1231-BRFA as
listed on the preceding page. The small connecting 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 =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 ¢ eircuits 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: Shielded cord and plug for connection to
Tyer 1231 Amplifier and Null Detector, Jack top termi-
nals for connecting external eapaecitors,

Mounting: Aluminum cabinet for beneh use. Also avail-
able for relay rack mounting in conjunction with Tyre
1231-B Amplifier and Null Detector. Sce price list below.
Dimensions: Iront 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, 9 pounds, 12 ounces,

Inductor Resanant Resonant Insertion Ihserimination vs.
f".rrqm-nry__ [ sed Z MQ Q . b ._""?i"! If(lrnm.m'{'_!ih
50 ¢ L-1 0.28 45 7.0 loss 33
100 e I-1 1.02 81 3.5 loss 31
200 ¢ 12 0.21 84 11.5 loss 40
500 ¢ 12 0.52 83 9.5 loss 35
1 ke 1-3 0.26 138 9.0 loss 42
2 ke 1-3 0.86 228 4.0 loss 40
5 ke L-3 2.70 287 0.5 gain 34
10 ke L4 0.17 175 7.0 loss 46
20 ke L 0.50 262 1.6 gain 44
50 ke L-4 1.06 214 9.2 gain 37
100 ke L4 2.13 192 15.0 gain 28
_ Tupe Code Word Prr’r-‘_ -
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 cireuits that
plug into the Typr 1231-B Amplifier and Null
Detector, for suppressing harmonics, noise,
and hum in single {requency measurements.
The two-frequency model. Typre 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 normal usage. At higher voltage levels the
inductance, and consequently the resonant frequeney,
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.

- ']',r_._r_;_:r Frequency (.'mf_-f Waord {‘I:r:'__ -
1231-P2 400 and 1000 cyecles. . . . ............ AMBLE $25.00
1231-P3 60cycles. .. ........ .. ... ......... AMPLE 20.00
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TYPE 1231-P4 ADJUSTABLE ATTENUATOR

USES: The Adjustable Attenuator is used with
the Tyee 1231-B Amplifier and Null Detector
and the Typr 874-L1 Slotted Line to measure
standing-wave ratio. When so used, it in-
creases both the range and accuracy of meas-
urement over what can be obtained with the
amplifier alone.

DESCRIPTION: The T'yre 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 impedance of erystal detector in slotted line at
low voltage levels.

Load Impedance: One megohm or greater,

Initial Insertion Loss: Approximately 3 db.
Attenuation Range: 30 db; dial ean be read to nearest
tenth db.

Accuracy of Attenuation Increments: 0.3 db or
better when operated between rated source and load
impedances, Additional errors eaused by source imped-
ance between 15 k2 and 60 kKQ are less than 0.3 db
Frequency Error: Negligible below 2 ke,

Maximum Input Power: 15 watt,

Terminals: Input, Tyre 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 Tyre 8S74-132A Patch Cord
for connections between slotted line and attenuator,
Dimensions: 514 x 514 x 414 inches, over-all,

Net Weight: 2 pounds, 11 ounces.

Ty i 'T!a' Word er’m*
1231-P4 | Adjustable Attenuator. . .. ........... ANNEX $70.00
874-R32A | Patch Cord. ... .. ... ... ............ COAXTFITTER 5.50

TYPE 1212-A UNIT NULL DETECTOR

USES: " 'he T'yrr 1212-A Unit Null Detector is
designed primarily as a balance-indicator in
a-¢ bridge measurements. It is a sensitive,
wide-frequeney-range voltage indicator with
an approximately logarithmic relation be-
tween input voltage and meter reading. This
null detector can be used with the Type 716-C
Capacitance Bridge, Tyre 667-A Inductance

Bridge, Tyrr 561-D Vacuum Tube Bridge,
Tyrr 916-A1 R-F Bridge, and over the lower
part of the ranges of the Tyrr 916-A R-F
Bridge and the Tyre 821-A Twin-T Im-
pedance-Measuring Cireuit.

DESCRIPTION: The instrument consists of a
three-stage broad-band amplifier with series-
peaking compensation. Germanium-diode clip-
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pers are used between each stage to obtain the
quasi-logarithmic input-output relationship.
'his method of shaping makes the speed of
response  dependent only upon the meter
allistics.

FEATURES: » Wide frequency range
eyeles to 5 megaeyeles.

» Meter zero can be controlled from the
panel to correct for amplifier or gsystem noise.
> ]:(‘;{111:11('1{ tube \'(:il:lgt’s and a balanced
meter cireuit maintain good stability with
varyving line voltage.

» Meter sensitivity control provided to set
the meter to full scale for the voltage display
range desired,

20

AMPLIFIERS

> IMTeadphones 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
1s 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
required to deflect one per cent of full scale on the meter.
Voltage Response: See curve below

~
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Type o
1212-A Unit Null Detector. . . ...............
1203-A Unit Power Supply. .........

PATENT NOTICE, Sece Notes 3 and 4, page vi.

Frequency Response: See curve below.

Tubes: Three Tyre 6AKS, one Tyre 12AX7, and one
Tyre DA2 Tubes, shipped installed.

Accessories Available: Tyres 1212-P1 and 1951-A
Filters, Tyee 1203-A Unit Power Supply.

Dimensions: (Width)
6 inches, over-all.

Net Weight: 515 pounds,

914 x (height) 53¢ x (depth)

Cado Word Price
ALACK $145.00
....... ALIVE 40.00

TYPE 1212-P1 HIGH-PASS FILTER

The Tyre 1212-P1 Filter is a shielded, R-C
ITigh-Pass filter designed to attenuate low-
frequency noise and hum often encountered
in bridge measurements. 1t provides about 50
db attenuation at 60 eyeles when used in con-
junction with the Typr 1212-A Unit Null

SPECIFICATIONS

Attenuation Characteristic: See curve.
Nominal Load Impedance: |
Input Voltage Limit: 150 volt
Terminals: Tyre 874 Connector
Dimensions: 75 inch diameter by 4 r' s inches long.
Net Weight: 3 ounces,

golin,

ximuim,
at each end.

(The Tyre 1212-P1 High-Pass Filter is shown with the
Tyer 1212-A Unit Null Detector in the photograph on

the facing page.)

T_'flih
1212-P1 High-Pass Filter. .. ..........
PATENT NOTICE. See Notes 3 and 4, page vi,

....... | UNCLE

Detector and fed from alow-impedance source.
It can be used effeetively over a reasonably
wide range of input and output impedances.
It is housed in a Tyrr 874X Insertion Unit
equipped with Typrr 871 Coaxial Connectors
on both ends,

Tyre 1212-11 Attenuation Characteristie.

3

8 & 8

LOAD WPEDANCE | MEDOWM
SOURCE MPEDANCE 600 OMMS |

8

@
e
z
=
=
a
2
£
a

-]

Code Word Price

GENERAL RADIO COMPANY 111



AMPLIFIERS

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 eireuits where
both sides of the unknown are above ground.
A capacitive voltage divider across the input
permits optimum impedance matching.

SPECIFICATIONS

Frequency: 400 eyveles and 1000 eyeles,
Maximum Allowable R-M-S Input Voltage:

8
Input Impedance Range 1000 ¢ 400 ¢ gsze -
e | -
0 - HKQ 10 v 4 v g ]
SN~ HOKS? 40 v 16 v b} u:a
HOKE-5001K82 145 v 58 v ¥
S00I82 — 200 v 165 v ‘ 100kn

DRIVING SOURCE RESISTANCE

Second Harmonic Rejection: See upper curve.
Insertion Loss: See lower eurve.

Accessories Supplied: One Tyre 274-MB Double Plug, S
one Tyre 274-ND) Shielded Plug, and one Type 874-Q6 g
.'\:l:lp!nl". =
Dimensions: 3§ x 314 x 424 inches, over-all. =
Net Weight: 13 pounds, -
-

T.i.‘;f - I"ni “_m'd. Price 3

1951-A | Filter. .. | vivrr |  $75.00

USES: The Tyrr 715-A Direct-Current Am-
plifier is designed primarily for use with the
Issterline-Angus S-milliampere recorder. This
combination of amplifier and recorder is
capable of acceurately recording small d-c
voltages and currents. In addition to its
obvious use as a recording d-¢ milliammeter
or millivoltmeter, it has a number of applica-
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 elec-
trical machinery during dehydration, the

(Left) Tyre T15-AM Dircct-Current Amplifier,
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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 photoelectric
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 degenerative 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: > High 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 efiectively
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 means of a switch, giving 5 milli-
amperes linear output in the recorder circuit 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 accuracy 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 resistaneces, so that the instru-
ment not only has an adjustable input resistance, but can
serve as a calibrated millivoltmeter or microammeter.
The input resistances range in powers of 10 from 100
ohms to 10 megohms, Short-cireuit and open-circuit 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 connects 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 cirenit is designed to 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, so that the instrument always works

into a normal resistanee of 1000 ohms. Although the
instrument functions perfectly 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 conditions 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
emploved.

Vacuum Tubes: The tubes used are: two 6J7-G, one
6F6-G, one 6X5-G, one 105-30, one 4A1, All are furnished
with the instrument.

Mounting: The amplifier is mounted in a east metal ease
identical with that used on the Esterline-Angus recorder,
or in walnut eabinet, as desired.

Accessories Supplied: Seven-foot line eonnector cord:
spare [uses.

Dimensions: Typre 715-AM, (height) 1514 x (width)
9 x (length) 814 inches, over-all; Tyre 715-AL, (height)
15 x (width) 814 x (length) 834 inches, over-all.

Net Weight: With cast metal case to mateh Esterline-
Angus recorder, 2534 pounds; with walnut cabinet, 2214
pounds,

T'ype Code Word Price
715-AE In Cast Metal Case . ................. ASIDE $390.00
715-AM In Walnut Cabinet................... ALOFT 340.00

PATENT NOTICE. 8ee Notes 1 and 2, page vi,

GENERAL RADIO COMPANY
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METER RANGE

TYPE 1233-A POWER AMPLIFIER

USES: The wide frequency range and high
power output of the Tyer 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 be
used in conjunction with a low-power oscil-
lator to excite antennas for measurements
with deflection-type instruments. With its
input, connected to a tuned antenna, it can
drive a Typr 1931-A Modulation Monitor to
monitor remote transmitters.

A voltage-output connection is provided
for amplifying oscilloscope deflection signals
over a range of 20 eycles to 3 megacycles.

DESCRIPTION: The amplifier consists of three
push-pull broad-band stages and three pos-
sible output eircuits. The interstage couplings
are of the series-peaked type, designed for
constant gain up to 5 megacycles.

Separate toroidal output transformers are
used for the 20¢-to-20ke and the 20ke-to-1.5
Me ranges.

IFor the 20¢-to-3Me range, push-pull output
1s supplied through a series-peaked video net-
work. A gradual roll-off above 3 megacyeles
vields excellent transient response. Pulses
with rise times as short as 0.1 microsecond
can be amplified with negligible overshoot.

lu second

2w second

Typr 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 Tyer 274-NMDB
Double Plugs. Two insulated binding posts
are used when balanced output is seleeted.

An output voltmeter is provided, which
mdicates the output terminal voltage on the
20 to 20,000-cyele range and the 20ke-to-
1.5Me range. On the 20e-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
balanced output terminals. The meter can
also be switched to indicate the plate current
of the output amplifier tubes.

The high-voltage power supply uses selen-
um 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.

> Execellent transient response.

2u second

20¢ to 3 me Range;
input pulse rise time
13 miero-second;
three pulse lengths
shown,
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Elementary schematie diagram of the Tyer 1233-A Power Amplifier,

SPECIFICATIONS

Frequency Range: Three ranges are provided:
Ior power, 20 cycles to 20 kiloeycles.
For power, 20 kiloeyeles to 1.5 megaeyeles,
For voltage, 20 eveles to 3 megaeyeles.
Power OQutput:
200=-to-20ke range
wittts at 20 ¢ and 20 ke.
20ke-to-1.5Me range
8 watts at 1.5 Me.
Maximum available power output at low distortion
depends upon power-line voltage. Rated output is obtain-

15 watts from 50 ¢ to 15 ke; 8

15 watts from 20 ke to 0.5 Me;

able at 105 line volts, At higher line voltages, output is
greater.
Voltage Output: 20c-to-3Me range
150 volts balaneced, 50 volts grounded.
Tuned Output: I'ull output at any single frequency up
to & Me ecan be obtained h)' (-:mr]l"r.'tihs: a tuned cireunit
as the output plate load.
Load Impedance:
20p-10-20ke range — 600 or 150 ohms, balaneced or
grounded,
20ke-to-1.5Me range
20c-to-3Me range
eathode-ray ozcilloscope, connected with

Peak-to-pealk,

50 ohms, grounded.

deflection-plate  terminals of
ich leads
and with an effeetive input resistance of at least one

megohm., Output may be balanced or grounded.
Transient Response: 20c-to-3Mc range — approxi-
mately 0.1 microsecond rize time, with negligible over-
shoot,
Input Voltage: Less than 0.2 volt for full output.
Input Impedance: 100,000 ohms in parallel with 37 puf
(grounded ).
Distortion: Less than 3% at rated output on all ranges.
Noise Level: 20le-to-20ke range, 60 db below 15 watts
output, or 200 wvolts input.

20ke-to-1.5Me range, 70 db below 15 watts output, or
wh pvolts input.

20e-to-30Me range. less than 0.6 volt peak-to-peak
balanced, or 600 pvolts peak-to-peak input,
Frequency Response: See ty pical curves,
Power Supply: 103 to 125 (or 210 to 2530) volts, 40 to 60O
eveles ac.
Power Consumption: Approximately 140 watts at 15
watts output; approximately 120 watts at zero output.
Voltmeter:

Bridge eireuit indieating full wave average value.

Ranges, 150, 50, and 15 volts full seale,

Type

1233-A

PATENT NOTICE,

Power Ar'_npliﬁer. ;s

See Notes 3 and 4, page vi,

ANGER ,

Accuraey, 5% of full seale.

Impedance, 15 kQ compensated to 5 Me.

Mounting: The panel 1s designed for mounting in a 19-
inch relay rack, but removable end frames are supplied
for table use.
Tubes: 2 —BACT 2 — BAGT

2 — 807 1—6J6

Terminals: Tyre 874 Coaxial Terminals at input and
output. Adjacent ground posts for connecting by Tyer
274-MB Plugs are provided.

Two insulated binding posts for balanced output.
Accessories Supplied: Seven-foot power cord: two T'yvre
274-MB Double Plugs; two spare line fuses: two Typrre
874-C" Cable Connectors.

Other Accessories Available: Tyre S874-R21 Patch
Cords: Tyre 874 Connectors and Adaptors.

Dimensions: (Width) 1935 x (depth) 1|_|../1, x (height)
7Y% inehies, over-all.

Net Weight: 465 pounds.

Typieal response eurves for the three amplifier ranges.
The ‘_’ll-i‘_\|'|.v—‘-u—:i—:llf';.(:u-_\'{'l!- range is given a siooth
roll-off at the high end to assure ;-_'lrm.l transient response,
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Phase Shift versus frequeney for Tyer 1233-A Amplifier.

Cadde Ward Prie

$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
save considerable time and money for many
everyday electronic engineering jobs. They

TYPE 1203-A UNI

USES: This power pack is designed primarily
to supply a-¢ heater and d-¢ plate power for

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
cabinets can be bolted together with serews
provided to give a compact assembly.

Other Unit Instruments available are:

Tyee 1206-B
Tyre 1216-A

See Page 120
Sce Page 118

Amplifier
11" Amplifier
(30 Me)

Oscillators Tyres
1208-A, 1209-A See Pages 165-170
1211-A, 1215-A See Pages 165-170
Crystal Osecillator Tyre 1213-A See Page 217
Audio Oscillator  Type 1214-A See Page 164
Null Detector Tyre 1212-A See Page 110
Pulse Generator Tyre 1217-A See Page 172

T POWER SUPPLY

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 each other.

SPECIFICATIONS

Qutput Voltages: 6.3 volts ac, nominal; 3 amperes
maximum; 300 volts de, 50 milliamperes maximum,
No-load voltage is about 410 volts.

Hum Level: About 250 millivelts at 300 volts and 50
milliamperes d-c output.

Input: 115 volts, 50 to 60 eyeles; 50 watts full load. A
line-connector cord is permanently attached to the
instrument.

Rectifier: One 6X4-type, supplied with instrument.
Output Terminals: A standard 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) 534 x (depth) 6}4
inches, over-all, not including power-line conneetor cord.

Net Weight: 54 pounds.

(Cade Word Price

1203-A
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UNIT INSTRUMENTS

TYPE 1204-B UNIT VARIABLE POWER SUPPLY

USES: This instrument supplies fixed a-c
heater voltage and adjustable d-¢ plate volt-
zge 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 cireuit 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-c¢ 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 are isolated from ground
and from each other.

> Metered d-c¢ 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 wvolts 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 permanently attached to the
instrument.

Type

Rectifier: Two selenium rectifiers used in a voltage
doubling eireuit.

Qutput 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 multipoing
connector.

Mounting: Black-crackle-finish aluminum panel and
sides. Aluminum cover finished in clear lacquer.
Dimensions: (Width) 974 x (height) 534 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

117



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 Tyer 874-MR Mlixer-
Reetifier and a heterodyning oscillator, such
as the Types 1208-A, 1209-A, and Tyre
1215-A Unit Oscillators, it can be used over a
frequeney range of 50 to 5000 megacyeles.
This system is the recommended null de-
tector for the Tyre 1602-13 U-1-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-frequency 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 cireuits.

DESCRIPTION: The Tyrr 1216-A I-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-shiclded, 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 passed by the
amplifier.

The signal can be heterodyned with a
harmonie 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
(l('\'il'{‘ﬁ.

A built-in, precision, film-type-resistor,
step attenuator is included to make possible
aceurate measurements ol relative signal
levels as high as 70 db. The indicating 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 T'yer
874-MR Mixer-Rectifier 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 eurrent 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.
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The assembly includes two a-c power
supplies, one for operating the amplifier and a
second for the Unit Oscillator producing the
heterodyning signal.

FEATURES:

> Accurate, resistor-type, step attenuator.

> Large meter for observation convenience.
> Meter calibrated linearly and in db for
mterpolation befween attenuator steps.

> Small and compact assembly.

> Contains two separate power supplies, one
for internal amplifier and one for external use
for driving local oseillator, such as Typres
1208-\ or 1200-A.

> Meter can also be used to measure rectified
local oscillator current from 874-MR to insure
excifation 1s within satisfactory range.

> Regulated sereen supply.

AMPLIFIERS

The Tyre 1216-A I-IF Amplifier set up for nse as ¢
frequeney detector, using a Typre 1200-A Unit
as a heterodyning oscillator and a Typre S7T4-MR Mixer-

Rectifier.

> Cathode follower provided for amplifying
modulation. Can be used with phones. 0.4-Mec
bandwidth of output circuits for pulses.

> AVC provided for null detector use.

SPECIFICATIONS

Center Frequency: 30 Me.
Bandwidth: 0.7 Me at 3 db down; 9.5 Me at 60 db down.
Sensitivity: Less than 2 pvelt input from a 400-ohm
souree required for o 1°0 meter deflection (above noise).
Less than 50 gvolt input from a 400-chm source required
for full-seale meter deflection. Input voltages referred to
are open-cireuit source voltages.
Attenuator Range: 0 to 70 db in 10-db steps. A single
3-b step is also provided.
Accuracy of Attenuator: (0.3 db - 197 of indicated
attenuation).
Bandwidth of OQutput Circuits (modulation): 0.4
Me.
Qutput Impedance: 600 ohms,
Maximum Qutput Voltage: 2 volts open eireuit.
Terminals: Input — Tvypre 874 Connector on end of 2-
fl:rJT --::]:11".

Output — Binding posts on 34-inch spacing.
Supplementary Power Supply Output: 300 volts de
at 40 ma; 6.3 volts ac at 1 a.

Type

1216-A
PATENT NOTICE.

See Notes 3 and 4, page vi.

| Unit I-F Amplifier ..........

Power Supply: 105-1235 or 210-250 volts, 50 to 60 eyeles.
Power input with no load on supple-
mentary power supply 26 watts at
115 wvolts, Power input with Tyes
12009-A Oseillator connected to supple-

mentary power .-'ll_.'a;:]l\' — 40 watts at
115 volts,
Tubes: Supplied with instrument:
1 6AKS 1—GALD
1—6US 1—OB2
2—HCB6
Accessories Supplied: Spare fuses; power cord is inte-
eral with the unit.
Other Accessories Available: Tvyre 874-MR Mixer
Rectifier. Unit oscillator of appropriate frequency range
to provide heterodyning signal, Tyre 1208-A, 1209-A, or
1215-A (pages 168-170) is recommended.
Mounting: Black-crackle | h aluminum panel and
gides. Aluminum eover finished in elear lacquer,
Dimensions: (height) 53 x (width) 10} x (depth)
624 inches, over-all.

Net Weight: 814 pounds,

Price

Price on request

Code Word

AMONG |
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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 Tyre 1302-A oscillators,
the Tyrr 1217-A Unit Pulser and other signal
sources. The normal operaling 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, Sinclair, “A Single-Ended Push-
Pull Audio Amplifier”, Proc. .R.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
Tyre 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, 600-2 load:
3 watts from 20 eycles to 50 ke.
1.5 watts from 10 cyeles to 100 ke.
0.5 watts at 250 ke.
Distortion: Less than 197 harmonic distortion with 2
watts output (29 with 3 watts) into 600 ohms from 20
eyveles to 40 ke,

Pulse Response: No Load 6002

Droop in 30-cycle square wave 159, 207,
Approx. Rise time: 50 v peak-to-peak 1 psec. 2 psec.

100 v peak-to-peak 2 psec. 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 about 100 ohms.)
Input Voltage: Less than 1 volt for full power output.
Input Impedance: 100,000 ohms in parallel with 35 ppf.
Frequency Response: lissentially flat from 20 eyeles to
100 ke (See power output specification),

Voltage Gain: Continuously adjustable, Maximum gain
15 50 to 1, (34 db) with no load.

A-C Hum: Maximum a-c hum in output with Tyee
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 dircctly into the
Tyee 1203-A or Typr 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 lacquer.
Dimensions: (width) 97§ x (height) 5%4 x (depth) 614
inches, over-all.

Net Weight: 4 pounds.

Type Code Word Price
1206-B Unit Amplifier.........covuvnnn e ARBOR $85.00
1203-A Unit Power Supply........c.coounn. ALIVE 40.00

PATENT NOTICE. See Notes 1 and 8, page vi.
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AMPLIFIERS

TYPE 1261-A POWER SUPPLY

USES: The Typre 1261-A Power Supply is an
a-¢c 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
6TAGO) battery. It ean be used in the follow-
ing General Radio instruments:

Type 720-A Heterodyne Frequency Meter

Type 759-A or -B Sound-Level Meter

Typre 1231-A or -B Amplifier and Null De-
tector

Typr 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-cyecle input and 300
ma filament current output, the plate supply voltage is:

133 volts open circuit 89 volts at 5 ma
107 volts at 3 ma 72 volts at 7T 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
eveles.

Input Power: Approximately 10 watts.

Tube: One 6116 is used, and is supplied.

Tupe

Terminals: A four-terminal socket fits the battery-cable
plug on the Tyre 750-B, Tyre 720-A, Type 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 TyrEe 720-A Frequenecy Meter.
1261-P4 — for Tyre 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: 724 pounds.

Code Word Price

1261-A

| Power Supply..............

NUTTY | $128.00

When ordering, specify type of selector plug desired and type number and serial nuinber of instrument
with which power supply is to be used. Extra selector plugs ean be supplied at a price of $2.00 cach.

TYPE 1262-A POWER SUPPLY

USES: The Typre 1262-A Power Supply is an
a-¢ operated power pack, replacing the bat-
teries normally used in the Tyre 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 Tyrr 1551-A Sound-Level
Meter. It provides two d-c¢ 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 cireuit.

SPECIFICATIONS

1.2 volts at 45 ma

1.5 volts open circuit

1.2 volts at 40 ma

1.5 volt= open cireuit

Plate Supply: 60 volts at 2 ma; 68 volts open cireuit.
(Nominal voltages obtained with 115-volt, G0-cycle
input.)

Hum and Noise Level: Sufficiently low to assure satis-

factory operation of the Type 1551-A Sound-Level

Meter. With 115-volt, 60-cyele input, nominal values are:
Filament Supply: No. 1 50 pvolts

Filament Supply: No. 1

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 cable fits socket on the Tyre 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 screws through power supply to inserts in the frame.
Dimensions: (Height) 614 x (width) 7145 x (depth) 21,
inches over-all

No. 2 50 pvolts Net Weight: 2 pounds 10 ounces.
Plate Supply: 100 upvolts
Type Code Word Price
1262-A | Power Supply..... R e | MANLY ' $75.00
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COAXIAL ELEMENTS

The Tyre 874 Coaxial EFlements are a
group of inexpensive, but precision-built,
coaxial parts that can be plugeed together
quickly and easily to assemble different
measuring systems in the frequency range
from d-¢ up to 5000 megacycles.

The fundamental measuring tools are a
slotted line for impedance and standing-wave
ratio measurements, bolometer elements and
a bolometer bridge for power measurements,
and a erystal 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 kevstone of this group of coaxial ele-
ments is the Type 874 Coaxial Connector.!
This unique connector, any two of which,
though identical, ean 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 sefups,
and it= low refleetions at ultra-high frequencies
can be neglected except in very acceurate work.

The use of the Tyrr 874 Coaxial Connector
makes it possible to assemble a given measur-
ing setup with a minimum of parts. Since all
connectors are identical, the neccessity of
stocking similar items with both male and
female connectors is eliminated. This com-
plete interchangeability of the elements, as
well as the excellent electrical performance
-:-T\" R. 'l'h:1r~lut1, “A Radieally New Conxinl Connector for the

Laboratory,” General Redio Experimenter, Vol. XXIII, No. 5,
QOctober 1948,

T'ype 874 Coaxial Connector (approximately
114 times normal size).

Fisure 1.

000 2000 3000 4000
FREQUENCY — MEGACYCLES

Tyrgr 874 Connector standing-wave ratio as a function of
frequency.

of the connectors are essential characteristies
for measurement work.

The basic elements of the Tyri 874 Coaxial
Connector are an inner conductor, an outer
conductor and a rfllp;_)m‘lill'_.{ ]1::!_\'5!}'1‘1‘110 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 principle; 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 plugged together so that the
undisplaced quadrants of one connector over-
lap the displaced quadrants of the other.
Iligure 2 is a cross-section sketeh of a joint in
which the clements 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 from being pulled apart in permanent
setups.

PATENT NOTICE. Sece Notes 3 and 4, page vi.

Cross-=ection sketch (enlarged about 21,

times) of overlapping joints.

Freune 2.
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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 characteristics of the circuit con-
nected to the load end of the slotted line can
be obtained. Tor instance, the degree of mis-
mateh between the load and the transmission
line can be calculated 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 voltage 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 respeet
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 elements, and networks.

DESCRIPTION: The Tyrr 874-1.B Slotted Line
isa 50-ohm, air-diclectrie, 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 dielectric supports.

An electrostatie pickup probe, mounted on
a sliding carriage, projects through the slot
and samples the electrie 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
Tyrw 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 VSWR, the greater the amount of power
required. Some detectors require modulation
of the r-f power.

Llither 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 earriage, and a Tyrr 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 can 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 Tyrr 1231-P4
Adjustable Attenuator and the Tyrr 1231-B
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 Tvyer 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-F Amplifier.
A wide frequency range can be covered, since
harmonics 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.

Top view of Tyrr 874-LB Slotted Line with Tyre 874LV Micrometer Vernier and Typr S74-D20 Adjustable Stub.
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COAXIAL ELEMENTS

> Useful for measurement on UHF-TV an-
tenna systems using Typr 874-QU3 Adapters.
> [ts sturdiness and light weight make it con-
venient for field use.

> A wide variety of accessory coaxial units
are available, all of which are fitted with
Typr 874 Coaxial Connectors.

> Usable up to 5000 megacyeles.

SPECIFICATIONS

Characteristic Impedance: 50 ohms =17,

Probe Travel: 50 centimeters; secale is calibrated in
millimeters.

Frequency Range: 300 to 5000 megacyeles. Operation
at frequencies below 300 Me 1z possible, if lengths of
Tyer 874-L30 Air Line are added.

Dielectric: Air.

Accuracy: Constancy of Probe Penetration — 2159
or better.

VSWR of Terminal Connectors:

generator (see discussion on next page); one each Tyw
874-R20 Flexible Line and Tyee 574-R32A Pateh Con
for generator and detector connections.

Other Useful Accessories: Tvyee S74-WM 50-Ohn
Termination, Tyre 874-WN or WN3 Short-Cireuil
Termination, and Tyre 874-WO or W03 Open-Circull
Termination; Tyee 874-UB Balun; Tyre 874-M Com
ponent Mount; and Tyre 874-() Adaptors. A complet
kit of Tyre 874 Coaxial Elements, including the Slotte:
Line, is listed below. FFor the measurement of high stand:

Less than 1-”:-’ at 1000 Me. ing-wave ratios (greater than 10), a Tyee S874-LV
Less than 1.07 at 4000 Me. . Micrometer Vernier is recommended.
Crystal Rectifier: 1N21B-type silicon crystal. Di - B Ty I
Accessories Required: (Tyer 874-D20) Adjustable imensions: 26 x 474 x 3/ inehes, over-all.
Stub for tuning the erystal rectifier; suitable detector and Net Weight: 814 pounds.
Type Code Word Price
874-LB | Slotted Line: -u: vopms s v avs veams o | 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 by one millimeter

Consists of a micrometer caliper head, cali-  Maximum range is 2 e¢ms. Can be read
brated in centimeters, mounted on an arm to +0.002 cm.
that ean be attached to the rear base rod of  Net Weight: 9 ounces.
Type L i
874-LV | Micrometer Vernier Attachment. .. .. ... .. | COAXREADER | $23.00

For other v-h-f and u-h-f impedance-measuring equipment, see Tyre 1602-B U-H-F
Admittance Meter and Typr 1601-A V-TI-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 been
selected and is available as the Typr 87T4-EK Basic Coaxial Kit. The following items are included.

Tupe Nane Quantity Unidt Price Price
874-A2 Coaxial Cable. . cvvivasiiivinabuaia | 25 feet | $27.00/100 feet $ 6.75
874-B Basic Connector. .........ovovnivininnnns 2 1.15 2.30
874-C Cable Connector. . .o vcovvvrevvroronnnens 2 1.70 3.40
874-C8 Cable Connector. .. .o v assivsvinnis | 2 1.70 3.40
874-D20 Adjustable Stub. . ... ... o oiiiiiiia 1 | 11.00 11.00
874-D50 Adjustable Stub. . ............. ... 1 12.00 12.00
874-LA Adijustable Line. ...........coviiinvnnnn 1 14.50 14.50
874-1B Slotted Line. .o veveianiasevmimiriess 1 220,00 220.00
874-P Panel Connector. . .. ouvvviniunnnnannn. 2 5.00
874-QNJ Adaptor to Type N Jack................. 1 3.75
874-QNP Adaptorto Type NPlug.............00nn 1 4.50
874-R20 Flexible Line (Patch Cord). . ............. 2 12.00
874-R32A Poteh Cord s v vwsmimviismana s s 1 5.50
874-T Tl o e e R S T B AR 1 8.50
874-WM Matched (50 ohm) Termination .......... 1 17.50
874-WN Short-Circuit Termination. . .............. 1 225
874-WO Open-Circuit Termination, . . ............ 1 1.75
874-Z Stand i dsnaiy R I 1 | 15.00
TOTAL Type 874-EK Basic Coaxial Kit . ... 0uiiiiiiiiiiiniiiiiiiiiiinncsnnnnenans . $349.10
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ACCESSORIES

If very high standing-wave ratios (greater than 10) arve to be measured, a Tyee 87T4-LV Micrometer Vernier
Attachment should also be purchased as well as a harmonie filter.

Type - Price
874-LV Micrometer Vernier AHachment, ... vvuuiiieinaniisssntasnsssssnsasssssssnssss $23.00
874-F1000 | Low-Pass Filler (pAGE 135) <o vvnnnmsennneseennseeeanneeeaaeeeennneeens | 10.00
874-F500 Low=Pass Filtor (Ragl ¥35) v cve v svmsvims s sireses v se seasessos s ees i 16.00

See below for a listing of suitable generators and detectors,

GENERATORS AND DETECTORS FOR THE SLOTTED LINE

GENERATORS
The following generators are recommended :
Type 1208-A Unit Oscillator, 65-500 Mc (page 168). ... ...cvurniiiirranranerassnsrasssnssnssssanannnss $190.00
Type 1209-A Unit Oscillator, 250-920 Me (page 168) ... ...iuiiiiiininniinrinaaoriaiiiniaretannaneans 235.00
Type 1215-A Unit Oscillator, 50-250 Mc (page T68) .. ... ...t iiurinnrirrrnsnserasnosrasrrasnnnnsns 190.00
The above Unit Oseillators do not inelude power supply; the Typn 1203-A Unit Power Supply is recommended.
Type 1203-A Unit Power Supply (page 116)................ SRS R RERA R SR s s $ 40.00
A pateh cord is required for conneetions between generator and Slotted Line.
Type 874-R20 Flexible Line (Patch Cord) (page 131) .....ooiiiviuinnriirnnnnisrannnnnnsnransnnsnnnanas $ 6.00
If 2 modulated signal is desired, the Typrr 1214-A Unit Oscillator is recommended, to supply the modulating
signal.
Type 1214-A Unit Oscillator (page 164} .. vvrerrrirsnrrencssrsrsrsnssrsessssnssormrssssssnsssnssnsssss $ 66.00

The Tyrer 1021-AU Standard Signal Generator (page 146) is also a satisfactory source.

DETECTORS

A number of satisfactory detector combinations are listed below.
1. Using audio-frequency output of crystal rectifier in slotted line. Requires a modulated generator (see above).
Necessary equipment consists of the following items:

Type 1231-B Amplifier and Null Detector (page 107) ... .. iiiniiiiiiiiiinieiiiiiieiaciannsnracnannnns $250.00
Type 1231-P2 Tuned-Circult Filter (page 109}« .. ooveeicnsasrrnnssssrossrsnsntnnctonssnsnssntorssessoe 25.00
Type 1231-P4 Adjustable Attenuator (page T10). . ... iuiiiiiririnireninrnansnessaessasnsssssssnsnnsnsns 70.00
Type 874-D20 Adjustable Stub, 275-5000 Me (page 130) .....tnuniiiiiiiiiiiiiraniiarnnssnnnnnaanans 11.00
Type 874-R32A Patch Cord (page 239) .............. R T R AT S R S S R R A A R R S RS A 5.50
FONAR Cvarii e it b e o W 3507 w3 T ) T TR T o 08 (M 00 0 W 0 verrues $361.50

. Using d-¢ outpul of crystal rectifier. This method does not require a modulated generator,

l' or the measurement of relatively low standing ratios it is quite satisfactory, and its simplicity makes it at-
tractive for many field measurements, It is relatively insensitive and is not capable of as great accuracy as other
methods,

Typo 274-NF Patch Cord (page 289) e to s vl il o i Sam i Wiied s 0 o e S R w W i i o e $ 2.00
Typa 874-Q6 Adaptor (page 240). .o vevrresnssreirssrsasssssssrrsmnsssnssssosnsssssessaesossassyisssos 2.25
Type 874-D20 Adjustable Stub (page 130). ... i cvreiiiiiinnriiiiiienitrsrsseteveosessasesresreseonsns 11.00

Microammeter with sensitivity of 50 pa or better,

3. Helerodyne system. The signal from the generator and a siznal from an auxiliary oscillator are combined in a
Tyre 874-MR Mixer Rectifier to produce a 30-megacyele difference frequency, which is fed to a Tyre 1216-A
Unit I-F Amplifier. A single :utgllizu'_\' oscillator, such as the Tyer 1215-A or T'yee 1208-A Unit Oscillators, can
be used to cover a wide range of measurement frejquencies, because oscillator harmonies can be used with only a
slight increase in conversion loss. The auxiliary Unit Oscillator operates from the power supply in the Unit
-1 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.

Iiquipment required:

Type 874-MR Mixer Rectifier (Page 120) ... uiuiiutuieiiimiinneisasusisriessnniesaseaseinassecansanas $ 32.50
Type 874-R20 Flexible Line (Patch Cord) (page 131) ... i i it iiiiii e iananiaeaannann 6.00
Type F2VE=A Unit1-F AmphRer (PEAa TIB) .o onvrsv s mmmmmmso d i w6 s s s e as 1o me s e s aaees Price on request
Unit Oscillators (one of the following)
Type 1215-A Unit Oscillator (page 168) .......uuuiiirrnniunssrerannsssssosonsaessocnssssesssnassassas 190.00
Type 1208-A Unit Oscillator (page 168) .. .. ...oiuuuininieiriiararatiiniesatananseerararassssansnsns 190.00
Type 1209-A Unit Oscillator (page 168) ... ..vviviirrinirieresnsnssrssessssrssessssrsssssssscnsnnsse 235.00
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EQUIPMENT FOR POWER MEASUREMENTS
TYPE 1651-A BOLOMETER BRIDGE

In conjunction with a General Radio Tyre 874-LB
Slotted Line, the bridge can be used for calibrating
r-f voltmeters and checking 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 reectifier system, fed
from the 60-cycle line, through a VARIAC® auto-
transformer.

In the d-c substitution method of measurement, the
bridge is first balanced with r-f current in the bolom-
eter, the r-f power is removed, and the bridge re-
balanced by 1ncreasing the d-¢ bolometer current,
R-F power is then determined by multiplyving 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 |mhm1 ions to bhe
read slowly and ecarefully, tends to improve the
aceuracy,

In the lﬁl‘t'('l-rl'utlillg lmrt}mt[, the meter seale is
standardized in terms of a substitution measurement,

Ty 1631-A Bolometer Bridge with T'vee ST4-H25 after which it reads r-f power directly.
Thermistor Unit in left foreground (see page 127) and Condensed operating instructions are mounted on
Tyer ST4-WL Lamp Termination in right foreground the |J:l!ll'|.

(see page 133).

FEATURES: 3 The Tyre 1651-A Bolometer Bridge is
flexible in application and ean be adapted to a variety
of r-f power-measurement pml:ivm-\

> Bolometers or power sensitive elements having a
wide range of resistance ean be used.

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 direet-reading
method,

It is intended for use with General Radio Tyre

874-125 and Tyre 8T4-11100 Thermistor Units and > Measurements ean be made by either a direct-read-
with Tyre S7T4-1II" Fuse Bolometer, but is equally Ing or a substitution method. o

usable with bolometers of other makes, since it can be > Resistance vs, eurrent characteristic of bolometer
set to accommodate any bolometer resistance between elements can be measured. .

25 and 100 ohms and currents up to 100 ma, > Measures power up to 0.5 watt directly.

SPECIFICATIONS

Range and Accuracy — Substitution Method
With Typee 874-125 Thermistor Unit

Thermistor resistance set for max. n(!n.\'ili\‘ll.t_\‘ ............................. 0 to 6 mw == ( l(l("-i, =+ 0.05 mw)
I'hermistor resistance set at S0 ohms, ... .., ... ... .. R A e s L o 0to 18 mw (109, + 0.12 mw)
With TI'yee ST4-11100 Thermistor Unit
Thermistor resistance set for max, sensitivity . .. .. ii et iirnir et 0to 20 mw (109 + 0.15 mw)
Thermistor resistance set at S0 ohms, ... ... ... . i eranniinnenrs oo te TO mw (109 4 0.5 mw)
With T'vre 8T4-HF Fuse Bolometer Holder, MJR 14 5-ampere fuse
IFuse resistance set for max. ~cu~'ili\'il‘\' ................................... Oto S mw (109 + 0.1 mw)
Fuse resistance set at 30 ohms. . .. ..o viiinona oo viiienaeen. Do 1 mw £(109 4+ 0.15 mw)
Fuse resistance set for max, POWer TaNEe. . . . ... ... ootiu et ciinaaninns Dto 50 mw £(109 + 0.3 mw)
With Tyre STI-HI" I'use Bolometer !IIJILIQT, \l ]R }; a- .llupi"ro fuse
Fuse resistance set for max. Sensitivity . . ., ovr e eneonranaans vereneessas0to 20 mw (109, + 0.5 mw)
Fuse resistance set at 50 ohms. . . . . e R A S AL AT el eE—— ., 0 to 100 mw 4=(10% + 0.75 mw)
Iuse resistance set for max. power ri mgo R BTN e R TR T R e o 0 to 00 mw 4=( I(I'}.«.I + 3 mw)
Bolometer Resistance Range: 25 to 400 ohms. Accessories Supplied: One CAP-35 Power Cord; one
Current Range: 0 to 100 milliamperes. Tyee 274-NEO Pateh Cord; spare fuses.

Accessories Required: Bolometer clement. Typres

. - an 3 % L F @ . . . -
Power Supply: 105-125 volts, 60 eveles, 874-1125 and ST4-H100 Thermistor Units, and Type

Frequency Range: Determination of power is inde- ]74-HF Fuse Bolometer Holder are recommended.
pendent of frequeney. Practical range: Dimensions: (Ileight) 12 x (width) 12 x (depth) 834
5 — 4000 Me with thermistor units. inches, over-all.
5 — 1000 Me with fuse units. Net Wetght. 2214 pounds.
Twpe Code Word Price
1651-A | BEGIN | $325.00

126 GENERAL RADIO COMPANY



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 megacycles,
A d-c¢ path is required in the r-f source. Complete
with thermistor,

By-Pass Capacitance: Approximately 2000 uuf.

Physical Length Over-all: 374 inches,
Maximum Total Power: 25 mw,

Type 874-H100 Thermistor Unit
(100 mw)

Similar to Tyer 874-H25, with maximum power
rating of 100 mw. Complete with thermistor,

VEWR of the Fuse Bolometer and Thermistor Units as a
function of frequency, with d-c resistance set at 50 ohins.

a s

Physical Length Over-all: 324 inches.

Type 874-HF Fuse Bolometer Holder

A coaxial holder for fuse bolometers 1 inch long
by 14 inch diameter (8AG size), Otherwise similar to
the thermistor units deseribed above. Supplied with
one Typr 874-11F-P1 T'use 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 Tyrr 874-1HF. Includes five
1 s-nmp fuses and five 14q-ump fuses.
Connections between the bolometer bridge and the
bolometer units can be made by the Tyee 274-NEO
Pateh Cord.

Power-measurement ranges of TFuse and Thermistor

Type 874-WL Lamp Termination

See page 133 for a deseription of a couxially-
mounted lamp useful for power measurements in the

Bolometers and the Bolometer Bridge, by substitution
method, az a funetion of bolometer resistance. Minimum
deteetable power in milliwatts isindicated by the numbers

50 to 100-mw. range. at the ends of each curve.

Type Code Ward Price
874-H25 Thermistor Unit oo oviviviiviimamisnmiiivonais COANWARMER $29.50
874-HP25 Replacement Thermistor for Type 874-H25....... THERM 15.00
874-H100 Thermistor Unit ...... COAXHEATER 28.00
874-HP100 Replacement Thermistor for Type 874-H100...... CALDO 13.00
874 -HF Fuse Bolometer Holder ......vv0ivvininnnnnnnnn COAXTIOLDER 18.00
874-HF-P1 Fuse Assortment ................. R e FUSOR 3.50
274-NEO PatchCord ..........00iuvnnnans T o I STAPLUGEYE 5.00

Diagram of a transformer
made up of standard Tyer
- 574 Coaxial Elements for
TYPE 1651-A
BOLOMETER
BRIDGE

matching a bolometer ele-

SOURCE

ment to a a0-olun line.
Souree should be modu-

lated.
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EQUIPMENT FOR VOLTAGE MEASUREMENTS
TYPE 874-VR VOLTMETER RECTIFIER
TYPE 874-V] VOl

—

Tyer 8T4-VIR Voltmeter Rectifier and T'yre 87T4-VI Volt-
meter Indieator.

TMETER INDICATOR

The Voltmeter Rectifier and Voltmeter Indicator
are used to measure or to monitor the voltage in
coaxial systems. The reetifier unit is shown in the
accompanying schematic diagram., When a generator
is connected to the input end, the output is equivalen
to that of a 50-ohm gencrator whose open eircuit
voltage is equal to the voltage at the crystal, less
any attenuation in the output line, and, hence, this
svstem can be used to convert any well-shielded
oscillator into a standard signal generator. The
reclifier is also useful as a general-purpose high-
frequency detector,

The Voltmeter Indicator indicates the rectified
d-¢ output of the Voltmeter Rectifier and provides
means for measuring the voltage at any level betweer
0.1 volt and 2 volts by comparizon with a voltage
derived from the 60-cyele power line. The accuracy is
independent of the (‘l'}'ﬂt:lll characteristics.

Schematic of Tyre STEVR Voltmeter Rectifier.

TO METER

OUTPUT

SPECIFICATIONS

Type 874-VR

Maximum Voltage: 2 volts,

Resonant Freguency: Approximately 3800 megaeyveles,
By-Pass Capacitance: Approximately 300 puf; shunt
capaecitance of r'r'.\'xl:1|. approximately 1 uuf,
Frequency Range for Voltage Measurements: 15 Me
to 2500 Me, subject to resonance correction above 1000
Me, roltage ralios ean
be obtained at both lower and higher frequencies.

The
above indieated frequency
measuretnents,
Dimensions: (Length) 3%
Net Weight: 5 ounces.

\‘U!] age F-J’l’l’l'l"f'flf?ldl’i & A E correct

right covers the

range for accurate voltage

resonance correction curve at

1 % (height) 2% inches.

Type 874-VI

Range and Accuracy of Calibrating Voltage: (.1-2
volts 4=0.05 volt.

Crystal Current for Full-Scale Indication: 200 ua.
Power Supply: 105 to 1235 volts, 50 to 60 eveles.

Input Resistance: 600 ohins, minimum; 10,000 ohms,
maximum,

Tupe B
B74-VR Voltmeter Rectifier. . ............
874-VI Voltmeter Indicator , .. ..........
874-R32A PEIEh GOV ..o oo v nie vm om mimim pinrace

128 GENERAL RA

ICATED VOLTS

i 2
THOUSAND MEGACYCLES

for in the Tyee S74-VR

Voltmeter Hectifier.

Correetion factor resonanee

Accessories Supplied: Line connector cord.

Other Accessories Required: Order one Typr 874
11324 Pateh Cord to conneet rectifier to indieator.
Dimensions: 514 x 514 x 414 inches, over-all.

Net Weight: 3 pounds, 1 ounce.

Caide Word Price
______________ COAXRECTOR £30.00
N COANVOLTER £70.00
....... e COAXFITTER 5.50
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TYPE 874-MR MIXER RECTIFIER

Uses: The Mixer Rectifier is used as the first detector
n a heterodyne frequency converter and permits a
general purpose receiver or a 30-Me wide-band i-f
uplifier to be employed as a detector for u-h-f
measurements, The high-frequency signal which may
have a frequency between 50 and 5000 Me 18 mixed
vith a signal from a local oscillator to produce a
lifference 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 Tyre 874-MR Mixer Rectifier con-
dsts of a short eoaxial 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-F Amplifier as a detector for v-h-l and u-h-f
measurements over a range of 50 to 5000 megacyeles,
See diagram on page 168.

Schematic diagram of Tyee 874-MR Mixer Rectifier.

CONVERTER OUTPUT
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 loeal oseillator fundamental
iz used,

Accessories Required: Local oscillator for heterodyning.
Tyee 1215-A, Tyre 1208-A and Tyee 1209-A Unit
Oscillators are recommended. For signal frequencies
above the fundamental oscillator ranges, harmonies can
be used. Pateh cords as indicated in the diagram on
page 168 are needed for conneetions. The Tyer 1216-A
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
f/
LOCAL OSCILLATOR SIGNAL INPUT
50-5000Mc 50-5000Mc
Ty
B874-MR Mixer Rectifler........oonvununnnn

COAXVERTER $32.50

TYPE 874-M COMPONENT MOUNT

The Typr 874-M Component Mount is a shielded
enclosure with convenient inside terminals for mount-
ing small components to be measured. It minimizes
lead” reactance and stray capacitance when the
impedance of circuit elements and networks is
measured over a [requency range from d-¢ to 5000 Me,

The Component Mount connects directly to the
Tyee 874-LB Slotted Line, the Tyre 1602-B Admit-
tance Meter, the Type 87T4-LK Constant-Impedance
Adjustable Line and all GR Coaxial Flements.

The Short- and Open-Circuit Terminations supplied
simplifly  determination of line-length  corrections
between the instrument measuring point and the
component being measured, without disconnection of
the component from the Mount.

SPECIFICATIONS

“requency Range: D-c¢ to 5000 Me,

Accessories Supplied: One Typr 874-WN3I Short-
(‘irenit Termination, one Tyee S7T4-WO3 Open-Circuit
Termination.

Other Accessories Recommended: One Tyre 874-LK

Constant-Impedance Adjustable Line when the Mount
is used with the Typer 1602-B Admittance Meter.,
Dimensions: Diameter, 3 inches. Height of shield ean,
_3.'1\ inches.

Terminal: Tyre 874 Coaxial Conneetor,

- T ype - ('mfr_:. Iﬂl'm’r.f ) _f'r'l_'vr
874-M Component Mount. ....ovversasrssssccasssnsas COAXYMOUNT | $25.00
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ADJUSTABLE LINES

| 36 CM.

61 CM. MAX.

MIN,

Type 874-LA Adjustable Line (Line-Stretcher)

An air-dieleetrie, coaxial line that can be telescoped
to change its length, Used in matehing networks,
Contacts are made by multiple spring fingers,

Tupe

Length Change: 25 cimn.

Characteristic Impedance: Not constant — approxi
mately 50 ohms when fully collapsed. Approximatels
57 ohms when fully extended,

874-LA

| AdjustablaLing . ..oeviiirniinnaas

..... ..-.--o|

Code Ward Price

COAXLAPPEIR | £14.50

58 CM MIN. ’ |

80 CM MAX. 7 '

Type 874-LK Constant-Impedance Adjustable Line

The Tyre 8TELK Constant-Impedanee Adjustable
Line is a line stretcher adjustable from 58 to 80 em
with a 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 eliminating 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, It can be used to convert admittance-

g

measuring  devices  to  direct-reading  impedance-
measuring instruments, and vice versa, by .u!juqnmm
of the overall line length exactly to an odd integer
multiple of a quarter wavelength, The Adjustable
Line can also Le used as part of an impedance
matching transformer in coaxial systems.

Impedance: 50.0 ohms.

Length: Maximum, 80 em; minimum, 58 em.

VSWR: Approximately 1.03 at 500 Me, 1.06 at 1000 Me,
LOS at 1500 Me and 1,10 at 2000 Me,

Code Word Price

874-LK

Constant-lmpedance Adjustable Line ............ | COAXKEEPEIR |

$36.00

ADJUSTABLE STUBS

28 CM MIN. |
48.CM MAX, 1

H74-D20

Type 874-D20 and Type 874-D50 Adjustable Stubs

For matching or tuning, and use as reactive ele-
ments. Can be used with indicator and seale as
reaction-type wavemeters, Stubs consist of a eoaxial
line with a sliding short circuit of the multiple-
spring-finger type. The short cireuit is moved by a
bakelite tube. The Tyrr 874-D20 is calibrated in
stub length from the junction of the branch line with

Ty pe
874-D20 Adjustable Stub (20 em) ..........
874.D50 Adjustable Stub (50 em) ..........

130

the through line in a Typr 874-T. The Tyre 871-D50
has no calibration but has a sliding reference marker.

Characteristic Impedance: 50 ohins.

Maximum Travel of Short Circuit:
20 em for ST4-D20.,
50 em for ST4-DA,
Cade Waord Price

$11.00
12.00

COAXTUBRER |
COAXBIGGER
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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 shielded.
> Small, precision ball bearings,
> Insulated shaft.
> Accurately engraved drum dial.

SPECIFICATIONS
Incremental Capacitance Range: 56 puf at 1000
|'}'(‘]L‘:~.

Effective Capacitance Range: High frequencies,

see curve. Low frequencies at Type 874 connector
14 ppf min., 70 uuf max.; at Tee Junetion (see

curve) 16.5 puf min,, 72.5 uuf max.

Dial Calibration: 0 — 100. (Not calibrated in guf.)

Capacitance Variation: Linear.

Size: 214 inches dinmeter x 54 inches high, over-all.
Weight: 12 ounces.

Type Code Ward Price
874-VC COAXYFARAD

| Variable Capacitor...ivivvesssesncivcsssnrsnes | Price on request

50-Ohm =
UBTa-LZ0”

FOMERIRTCANE -
Ly - i =

Air Lines

end. The clectrical lengths are 10 em, 20 em, and 30
cm, respectively.

For spacing stubs or other elements of a coaxial
svstem. Liach air line consists of a length of 50-0hm,
air-dielectrie, coaxial line with a connector at each

Type ) Code Word Prie:
874-L10 502 AirLine (TOem) .oovivinnnnninnnerennnns COAXDECKER $5.00
874-120 50 AirLine (20em) ..o vinininininiinnnnennns COAXVENTER 5.50
874-L30 50-2 AirLine (30 cm) sovvivivrsonssvsonsvonss COAXTRIPLY 6.00

NOTE: ALL CROSS-SECTION BACKGROUNDS IN THE PHOTOS BELOW ARE l/4-INCH SQUARES.

Tyre 874-T

Tyre 874-R20 Tyrr 874-EL Typr STI-JR

Type 874-R20 Flexible Line (Patch Cord)

FFor making shielded connections. Consists of three
feet of double-shielded, 50-ohm Tyer 874-A2 Poly-
cthyvlene Cable (specifications on page 138) with a
Tyrer 874-C Conneetor on each end. See page 239
for other pateh cords.

Type Code Ward FPrice

874-R20 | Flexible Line,...| coaxuarien | $6.00
Type 874-EL 90° Ell

I'or making a right-angle bend in a coaxial system.
Characteristic |mpedance: 50 ohuns.
Electrical Length: Approximately 7 em.
VSWR: Less than 1.06 at 2000 Me; less than 1.15
at 4000 Me.

Type Code Waord Priee

874-EL | 90°Ell,....... | COAXANGLER $6.50

Type 874-T Tee

Used for connecting stubs and other elements in
shunt with a coaxial line,

Type Code Word
874-T || Tow;oiyvivaiay | COAXTOGGER |

Price

$8.50 '

Type 874-JR Rotary Joint
Used when one part of a system must be rofated
with respect to another part, us when measuring
antenna patterns or when changing the coupling of a
loop.

VSWR: Less than 1.05 at 1000 Me;: less than 1.3 at
4000 Me.
Type

Code Waord Price
874-JR | Rotary Joint....| '

$9.00

COAXJUINER
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COAXIAL ELEMENTS

TYPE 874-UB BALUN

USES: The Tyrr 874-U13 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 Typr 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 Tyre 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 Tyer 874-D20 Adjust-
able Stub, the Type 874-VC Variable
Capacitor and the various fixed-length air
lines. The table below indicates the frequen-
cies covered with combinations of the Typp
874 elements,

A Type 874-WN3 Short-Circuit Termina-
tion and a Type 874-WO03 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

Frequency Range: 54 to 1000 Me with proper acees-
sories, as listed below,

Accessories Supplied: One Tyer 874-UB-P1 300-
Terminal; one Tyre S7T4-WN3 Short-Cirenit Termina-
tion; one Tyrr 87T4-WO3 Open-Cirenit Termination,

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 elements as listed below,

ACCESSORIES REQUIRED FOR VARIOUS FREQUENCY RANGES

Frn_.mcn_cy Range

Aeevssory Equipment

470 to 1000 Me
350 to 525 Me
275 to 380 Mec
225 to 280 Me
170 to 280 Me
174 to 216 Me

140 to 174 Me

88 to 140 Me

54 to 88 Me

Tyne
874-UB | Balum...covvnvnnns T R P ey
874-D20 Adjustable Stub (20 em.) . .........
874-D50 Adjustable Stub (50 em.)..........
874-L10 50-2 Air Line (10 em.) ...........
874-L20 50- Air Line (20em.) ...........
874-L30 50-( AirLine (30 em.) ...........
874-vC Variable Capacitor. . ..............
874-XL SeriesInductor. ...ocvvvnininiinan
132

2-Tyre 874-D20 Adjustable Stubs

2-Tyre 874-D20 Adjustable Stubs and 2-Typr 874-L10 Air Lines

2-Typr 874-D20 Adjustable Stubs and 2-Tyrs 874-1.20 Air Lines

2-Tyre 874-D20 Adjustable Stubs and 2-Tyre 874-L30 Air Lines

2-Type 874-D50 Adjustable Stubs and 2-Tyer 874-1.30 Air Lines

2-Type 874-VC Vanable Capacitors and 2-Tyrk 874-L10 Air Lines
2-Tyre 874-VC Variable Capacitors and 2-Tyre 874-1.20 Air Lines
2-Tyre 874-VC Variable Capacitors and 2-Tyre 874-1.30 Air Lines
2-Typre 874-VC Variable Capacitors and 2-Type 874-XL Series Inductors

Code Waord Price
R COAXYBALUN [ $75.00
............ COAXTUBBER 11.00
............ COAXBIGGER 12.00
............ COAXDECKER 5.00
............ COAXVENTER 5.50
............ COAXTRIPLY 6.00
............ COAXYFARAD Price on request
............ | COAXDUCTOR 11.00

GENERAL RADIO COMPANY



COAXIAL ELEMENTS

TERMINATIONS

Type 874-WM 50-Ohm Termination
Provides a good impedance mateh for 30-ohm
couxial  svstems  from de to  several thousand
megaeveles, Useful for establishing reference condi-
tions, for terminating fi

ilters and attenuators, and for
many other purposes, Consists of o 50-ohm eylindrieal
resistor mounted in a tapered coaxial holder.

OPEN-CIRCUIT AND SHORT

a 3
©

|
Left to right: Tyre S7T4-WN, Tyee 874-WN3, Tyre
ST4-WO, Tyre 874-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 be 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 electrieal
short-cireuit 1s fixed. The open-circuit termination is a
shielding cap for open-circuited lines, Because of
unavoidable end capacitance, the effective position of
the electrical open-cireuit varies with frequency over a
distanee range of 2 mm. On the average, it is 2 mm
from the effective position of the electrieal short-
circuit produced by the short-circuit termination.

FREQUENCY, Mc

Plot of standing-wave ratio of a typieal Type 874-WM
50-Ohm Termination as a function of frequency.

D-C Resistance: 50 chms =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 374-WN3 and Tyre 8T4-WO3 present
short and open circuits, respectively, at a point
exactly 3 em. bevond the face of the bend in ihe
Tyre 871 connectors. This distance corresponds
to the distance between the bead and the ground
plane in the Typre 874-M Component Mount and the
distance between the bead and the unbalanced
terminal in the Type 874-UB Balun,

(‘ross-gections of the Tyepe S87T4-WN3 (lop), and Tyee
S874-WO3 (boltom).

POLYSTYRENE _POSITION OF
EFFECTIVE

SHORT CIRCUIT

POSITION OF

POLYSTYRENE 1._3“ | ~EFFECTIVE

BEAD OPEN GIRCUIT

Type 874-WL Lamp Termination

For rough indications of power in the 50 mw
to 100 mw range. Useful for making preliminary
tests on experimental oscillators. Consists of a flash-
light bullb in a screw-type, miniature socket on the
rear of a connector. Bulb has a straight-wire filament

Type
B74-WM 50-Ohm Termination .............
874-WN Short-Circuit Termination ., ,........
874-WO Open-Circuit Termination. . ........
874-WN3 Short-Circuit Termination..........
874-WO03 Open-Circuit Termination..........
874-WL | Lamp Termination ...........0000n

GENERAL

RADIO COMPANY

and is rated at 80 mw. Can be used with a photo-
electric cell and meter (such as a photographic ex-
posure meter) in o d-¢ substitution method for more
accurate measurements,

Cade Word Price
,,,,,, Y COANMEETER £17.50
............ COANNULLER 2.25
............ COANOPEXER 1.75
............ COANTRINU 2.75
............ COAXTRIPO 2.50
...... St COAXLAMPER 4.50
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COAXIAL ELEMENTS

ATTENUATORS

Type 874-GA Adjustable Attenuator

A mutual-inductance  (wavegnide-below-cutoff)
tyvpe attenuator useful for producing known voltase
ratios, for measuring atfenuation, 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 iz turned, and ecomplete turns
are indicated by engraved lines on the tube, Sleeve
and tube are ealibrated direetly in deeibels, and unit is
read like micrometer ealipers, The input system is 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
inner-conductor eurrent.

Can be used in conjunetion with Tyee 874-VR and
Tyre 874-VI Lo convert 1 Tyre 1208-A, Tyre I‘)UEI—;\
or Tyeir 1215-A Unit Oscillator into a signal generator,

The output of the l[mp iz brought out through three
feet of double-shielded flexible eable, which is ap-

T Y

ROTATING BARREL
JPICKUP LOOP

| SLIDING TUBE,

R

L i

U“E%: e \
( CABLE DIELEGTRIC

‘\

500} RESISTOR
INF’UT LINE

=

Cross-zection of the coupling syvstem used in the Tyee
874-03A 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 output.
Insertion Loss at 1000 Mec:

With tnput lne terminaled in 50 ohmns,

Minimum — 18 db.

At beginning of accurately calibrated range — 33db.
With input line terminated in adjustable stub, (to
produee voltage minimum under coupling loop),

Minimum — 20 db,

At beginning of accurately ealibrated range

20 db. Insertion loss is approximately inversely propor-
tional to frequency up to 1000 Mece.
Accuracy of Attenuation:

Stub-terminated input, (19 of difference in attenna-
tion readings +0.2) db, direct reading.

B0-ohem lermiinaled input, S={11597
attenuation readings +0.2) db,
rection chart supplied.
Waveguide Mode: TFy,;; cutoff frequency: 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 Qutput: Less than 4 at 1000 Me,

Less than 5 up to 4000 Me.

Frequency Range: 100 Me to 4000 Me,
Net Weight: 114 pounds.

of difference in
when corrected. Cor-

Type 874-GF, GG Fixed Attenuators

A single-section, s-type resistance aftenuator useful
over the frequeney range from de to zeveral thousand

megacycles, 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: +0.5 dh.

Attenuation and standing-wave ratio of the Type 374-G T

Fixed Attenuator as a funection of frequency.

Tupe Code Word Price
874-GA Adjustable Attenuator, ........... R COAXLOSSER | $55.00
874-GF Fixed Attenuater (20db)........... e Y COAXNEPPER 18.00
874-GG | Fixed Attenuator (10db)................. o COAXRELLER | 18.00
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COAXIAL ELEMENTS

FILTERS

LOW-BAST FILTER

NEECCTEE

Type 874-F500, F1000 Low-Pass Filters

teduction of harmonies from an u-h-f generator
by filters such as these is usually necessary for best
mensurement results, particularly if a system contains
peak-reading  voltmeters or sections that might OF 157 4" 18
resonate at a harmonie frequency, or if high standing- y " OPERATING FREQUENGY g :
wave ratios are to be measured using a slotted line. CUT-OFF FREQUENGY
These filters are of the Tschebysceheff type, in which
very sharp cutoff is obtained at some sacrifice of ’ e s v .
uui'}‘m‘mh_\.! in the pass band. The alternately large- Insertion Loss and VSWR of the Tyres 874-1'500 and
and small-diameter sections of the inner conductor 874-11000.
form the equivalent of shunt capacitances and serics Cutoff Frequencies:
inductances respectively. Unequal section lengths Typi STAI500. 500
reduce the likelihood of spurious pass bands above Tyrg 87 L-F1000, 1000 Me(—07, +1075)
cutoff. Physical Length: Tyre S74-1500, 1035 ing Tyre
Insertion Loss: See curve at right. 874-I"1000, 714 in.

Type 874-K Coupling Capacitor

Consists of a short length of coaxial line having a
evlindrical capacitor in series with the inner conduetor.
High frequencies are transmitted with small reflec-
tions, but de and low audio frequencies are blocke:l.
This unit is often necessary for separating d-¢ paths
in systems including two or more crystal reetifiers,
as in measurements of insertion loss.

m
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7]
(=]
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z
<]
=
14
]
w
=

L1077,

Coupling Capacitance: Approximately 5000 upuf.
VSWR: Less than 1.06 at 1000 Me; 1.2 at 2000 Me.

Tupe Code Word Price
874-F500 500-Mc Low-Pass Filter. . ........ovvvuunennn.. COAXDIPPER $16.00
874-F1000 1000-Mc Low-Pass Filter. ..................... COAXMEGGER 10.00
B74-K Coupling Capacitor. v v v e e vnnnnnunnnannnes | 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 elamped in that position by the collet.
Physical Length Over-all: 3 inches.

Maximum Diameter: 17§ inches.

(Left) Type ST4-MA Adjustable Coupling Loop and,
Type 874-MB Coupling Probe (fiight) Type 874-MB Coupling Probe.
A general-purpose electrostatic probe consisting of a
binding post, mounted on a connector.
Physical Length Over-all: 21¢ inches.

Type 874-LR Radiating Line

Allows coupling an external wavemeter or hetero-
dyne frequency meter to the fields within a coaxial
svstem. 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 1.05 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. Type 874-LR Radiating Line, shown partially open.
Tupe B Code Word Prive
874-MB ! Coupling Probe. . ...ciniiiiiiinininnneiinesin COAXPROBER $3.25
874-LR Radiating Line......covviiniiniininnnnennrnnss COAXMITTER 7.50
874-MA Adjustable Coupling Loop. . ovvvuvviunenennans, COAXLOOPER 5.50

GENERAL RADIO COMPANY 135



COAXIAL ELEMENTS

ADAPTORS

On this and the following page, a series of adaptors
are shown, enabling the user to connect the Tyre 874
Coaxial elements and instruments fitted with Tyee
874 connectors to other common systems of con-
nectors. These include the General Radio Typr 274
and Type 774 connectors, the tvpe N, BNC, C and

3
"

UHTF eoaxial connectors, and standard 134 inch

Tyre 874-Q2 Adaptor

Typr 8T4-Q7 Adaptor

Tupe
874-Q2 Adaptor to General Radio Type 274
874-Q7 Adaptor to General Radio Type 774

V-H-F transmission line and 3'< inch U-H-F trans-
mission line.

The excellent voltage standing-wave ratio makes
them particularly useful, not only for connections
to Typre 874 elements, but also for interconnection ol
the various military connectors and transmission
lines.

Type 874-Q2 Adaptor to Type 274
The Tyre 874-Q2 Adavtor permits interconnection
of the coaxial system with General Radio Tyer 274
34-inch-spaced banana plugs or binding posts.

Type 874-Q7 Adaptor to Type 774
The Typrr 874-Q7 Adaptor plugs into any General
tadio Tyre 774 conneetor, to permit connection fo
Tyre 874 Coaxial elements.
Code Word Price

COAXTIFPER $3.50
COAXPASSEL 3.75

Type 874-QU3 Adapior
to U-H-F 34" Rigid Line

Type 874-QV2A Adaptor
to V-H-F 154" Rigid Line

These adaptors are used to connect the rigid lines
in TV transmitting antenna systems {0 measuring
equipment using Typr 871 Coaxial Connectors, as,
for instance, the Tyer 1602-3 U-H-F Admittance
Meter and the Tyrr 874-L1 Slotted Line,

The Typr 874-QU3 Adaptor (at left in photograph)
is designed for use between General Radio Typr 874
Connectors (50 ohm) and standard flange fittings on
314" U-H-F 50.0-ohm rigid line. The curve at right
shows VSWR versus [requency for the Typre 874-QU3
Adaptor.

The Tyre 874-QV2A Adaptor (at right in photo-
graph) is designed for use between General Radio
Tyrr 874 Connectors (30 ohm and standard flange
fittings on 134" V-11-IF 51.5-0hm rigid line. The tapered
section has a characteristic impedance of 51.5 ohms.
Correction can be made for the possible error of 37,
in the measured VSWR of [airly flat lines produced
by the difference in line impedances. When the Typr
1602-B Admittance Meter is 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 VSWER produced by

duced by the diffierence in line impedances is less than
1.02 over the VIIF-TV band.

Net Weight: Tyre 874-0Q1°3, 41 pounds.
Type 87T4-QV2A, 114 pounds.

I

1 \

ILINE TERMIMATED
] M 50 OHMS

1

]
TYPE aT4-0u3 | TYPE 874-0US
ADAPTOR  'T°  ADAPTOR
1

FREQUENCY = Mc

VSWR versus frequeney for a pair of Tyre 874-QUS

discontinuity in the adaptor other than that pro- Adaptors.
Type - Code Waord 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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ADAPTORS TO TYPES N, BNC, C, UHF AND HN
COAXIAL SYSTEMS

Tyres ST4-QBJ and 874-QBP Adaptors

The five types of adaptors available permit
connection of equipment using General Radio Type
874 Coaxial Connectors to units equipped with the
common AN types — type N, type BNC, type C,
tvpe UHF, and type HN. Since all of these adaptors
have a Typr 874 connector on one end, they form a
very convement system of interconneetion between
the various AN type connectors, requiring a minimum
number of interconnecting units.

Curves of VEWR versus frequency are shown at the
right for the N, BNC and C adaptors. No curve is
shown for the UHF-type connectors because they do
not. have a constant impedance and introduce ap-
preciable reflection in the line at higher frequencies.
These curves, as indieated in the inset rfin:_.[l';tm. iare
of VEWR for two Tyrr 871 terminating connectors
engaged with two Type 874-t0-AN adaptors,

VOLTAGE STANDNG. WAYE RATIO

Tupe No. _.".'f.t_m_-‘u.fx Used in Adaptor Code Word Price
B74-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-QcCP Type 874 Connector and Type C Plug Cennector . 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 COAXYUPPER 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. COAXIIANGER 6.50
874-QHJ Type 874 Connector and Type HN Jack Connector. COAXHAWSER 6.50
TYPE 874-A2 POLYETHYLENE CABLE
Bulk cable for permanent or semi-permanent at 100 Me is about 2.6 db per 100 feet, and at 1000 Me

installations and for making long patch cords.

Characteristic impedance is 50 ohms =45%. Cable

is double-shielded and has good mechanical flexibility,

Nominal eapacitance is 32 upfl per foot, Attenuation
Type

874-A2

*In lengths of 25 feet or over.

GENERAL RADIO COMPANY

Polyethylene Cable. .......c00uuun

about 10.5 db per 100 feet. Consists of a No. 14
stranded inner conductor, separated [rom the two,
braided, tinned-copper shields by 0.2447 OD Polvethy-
lene insulation, and an outer Plastex jucket 0.365" OD,

Code Word Priee
| COAXCUTTER 3.-50/Yout
B ’ $ .27 fool”
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CONNECTORS

All Ty 874 Conneetors are supplied unassembled
with complete assembly instructions. No special tools
are needed.

Type 874-B Basic Connector

For use on :i;.,inl H0-ohm, air-dielectrie, ecoaxial
lines. Consists of inner and outer u:mlutiuh insuliat-
ing bead, coupling nut, and retaining ring. Fits lines
made from 9" 0D, %" LD. tubing, and 0.244"
D rod. The inner conductor is to be screwed 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
1 liy” deep, 0.035"-wide groove cut in the 3£" tubing.

Cable Connectar

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 cable 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 erimping the
ferrule. The rubber guard provides strain relief and a
protective handle.

TYPE 874-C: I'or use on General Radio T'ype 874-A2
polyethylene cable,

TYPE 874-C8: ['or use on Army-Navy type RG-8 U
cable.

TYPE 874-C58: I'or use on Army-Navy types RG-29, U,
RG-53/U, RG-538/U and RG-38A U cables.

TYPE 874-C62: [For use on Army-Navy types RG-62/'U
and RG-59/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. l]cme the
50-ohm connector will introduce a discontinuity in the
line.)

Panel Connector — Type P

Is similar to the cable connector, except a panel
adaptor and nut are supplied in place of rubber
guard. The l:nul 'uLlptt:r fits into a 134" D hole in
panels from 4" to 14" thick and is designed to clamp
the connector in any 1!1.*,*i1'|3.d orientation,

TYPE 874-P: Panel termination for
Tyre 874-A2 polyethylene cable.
TYPE 874-P8: Panel termination for Army-Navy type
RG-8, U eable.
TYPE B874-P58:
types RG-29/U,
1.'{11][(!.“-.

TYPE B874-P62:
types RG-62 17 and

General Radio

Panel fermination for Army-Navy
RG-55, U, RG-58,U and RG-58A,U

Panel termination for

Army-Navy
RG-50 U

cables, (See note

Typr 874-B Basic Connector

(Left) Tyre S7T4-P Panel Connector and, (fight) Tyee
874-PB Panel Connector.

Panel Connector — Type PB
Flange-mounted panel connector. Requires
15" 1) hole in panel. Four number 29 holes (11367 D)
drilled in flange, 13" center-to-center, fo aceept
n:.u hine screws, Panel space required is 115" x

14",

TYPE 874-PB: Panel termination (flange-mounting)
for General Radio Typrr 874-A2 polyvethylene cable.
TYPE 874-PB8: Panel termination (flange mounting)
for Army-Navy type RG-8,U cable.

TYPE 874-PB58: U'anel termination (flange mounting)
for Army-Navy types RG-29, U, RG-55/U, RG-538/U
and RG-58A/U eable.

TYPE 874-PB62: Panel termination (flange mounting)
for Army-Navy types RG-62,/ U and RG-59/ 17 cables,

concerning characteristic 1mpedances under Tyre (See note concerning characteristic impedances under
874-(162.) Tyre 874-C62.)
Type Code Word Price
874-B Boashe Conneelor. i sunmariie svamyin s apasas | COAXHBRIDGE $1.15
874-C Cable Connector for Type 874-A2 cable,........ COAXCABLER 1.70
874-C8 Cable Connector for RG-8/U eable.............. COAXCORDER 1.70
874-C58 Cable Connector for RG-58/U, etc., cables ... .... COAXCALLER 1.70
874-C62 Cable Connector for RG-62)"U, etc., cables , . ..... COAXCANDOR 1.70
874-P Panel Connector for Type 874-A2 cable......... COAXPEGGER 2.50
874-P8 Panel Connector for RG-8/U cable.............. COAXPUTTER 2.50
874-P58 Panel Connector for RG-58/U, etc., cables...... . COAXPANNER 2.50
874-P62 Panel Connector for RG-éZ}'U, elc., cables....... COAXPOLLER 2.50
874-PB | Panel Connector for Type 874-A2 cable......... COAXAPPLER 2.50
874-PBB Panel Connector for RG-8/U cable.............. COAXDBATHER 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. .. .... COAXBARKE 2.50
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TYPE 874-X INSERTION UNIT

This unit is a hollow eylinder fitted with Tyre
874 Connectors at each end. Its cover sleeve slides
back to allow access to a region inside of about 2
inches in length and %5 inch in diameter. In this
space between the Tyee 874 Connectors, almost any
arbitrary arrangement of small components, such as
resistors, capacitors, or inductors, can be mounted.
The insertion unit can be used as a shielded housing
for impedance matching networks, attenuator pads,
VHIE transformers, filters, and a variety of other
networks. It ofiers good shielding, minimum dis-
continuity in the line, and convenience.

Tupe
874-X

TYPE 874-Z STAND

Provides firm support for the parts of a wide
variety  of coaxial systems. Consists of a heavy
cast-iron base with rubber feet, 22-inch and 8-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 ean be used with one 22-inch
rod between them to support a long horizontal run
of coaxial parts. Clamps will fit a range of dinmeters
and will hold between two rods of different dinmeters,
Any desired arrangement can be set up quickly. Base
can be screwed down to table top for permanent
sefups.

Net Weight: 515 pounds.

’]"yﬂ f'n_r.’p Word Price
874-Z l 51T A —— CcoAXHELPER | $15.00

Code Ward P r_r'.-‘p

COAXHOPPER | $8.25

TYPE 874-Y CLIPLOCK

The Tyre 874-Y Cliplock is a negator spring which
can be conveniently slipped over Tyre 874 connectors
after they are engaged. Tt provides a sceure lock,
preventing aceidental disconnection or slippage.

Type ~ Code Word Price
874-Y

Cliplock ....... coaxLocker | 10 for $1.75

PATCH CORDS

A series of pateh cords, fitted with various GR
Tyere 874 and 274 Connectors and Adaptlors are
listed on pages 239 and 240 of this catalog. Flexible
single-shielded 50-ohm eable is used to make up these
units. They provide a versatile system of connections

GENERAL RADIO COMPANY

for both laboratory and production use.

The Tyer 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 osecillator ecali-
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
cleetronie eireuits.

The elements of a standard-signal generator are
shown in Figure 1. A buffer amplifier is sometimes
added to reduce inecidental frequency modulation.
The requirements for the oscillator are that it be
stable, that it have reasonably constant output over
any one frequency range, that the waveform lh(: good,

and that hum and noise modulation be negligible.

ATTENUATOR

ADJUSTABLE
FREQUENCY
OSCILLATOR

Freune 1. Flements of a standard-signal generator.

QUTPUT SYSTEMS

The output system must be designed to produee a
known voltage at the output terminals, At frequencies
below 50 Me, resistive attenuators :|r'l'm||m|un!|_\; 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
indieation and the attenuator setting. 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-cireuit
voltage of the signal generator, and the equivalent
impedance is that seen looking into the system with
the terminals at which the voliage is measured short
circuited. For low-frequency generators, the equi-
valent source impedance is usually made as low as
possible, 10 ohms or less.

At low and medium frequencies, with a 10-ohm out-
put impedance, it 1s frequently possible to neglect 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 can be de-
termined by ealeulation as indieated in Figure 2.

The effeect upon the output voltage and output
impedance of the cable used to connect the generator
to the load depends upon the frequeney and upon the
relative impedances of generator, cable, and load.

I'tcunre 2. Load voltage [ is easily determined for a
load Z,_ with a generator of internal \'ult:;;::e E; and
internal impedance £,.

Four typical eases are shown in Figure 3, and their
characteristies are tabulated in Figure 4,

Cage | corresponds to the Typr 805-C Standard-
Signal Generator when the termination unit is used,
and to the Typre 1001-A Standard-Signal Generator
when the Tyre 1000-P1 Termination Unit and the
Tyer 1000-P2 40-Ohm Series Unit are used.

Case IT eorresponds to the Typer 805-C without the
termination unit and to the Type 1001-A with the
series unit but without the termination unit.

Case 111 llustrates the Type 1001-A with termina-
tion unit, but without series unit, while Case IV is
the Type 1001-A without either unit.

When an external load is connected, the load volt-
age will differ from the open-cireuit voltage at the
end of the eable by an amount depending upon the
magnitude and phase of the load impedanece.

At high frequencies the residual reactance in a re-
sigtive attenuator becomes great :'!mw,:h Lo '|!11|r.'|i|'
its aceuracy and the mutual-inductance (waveguide-
below-eutoff) type is more satisfactory. The system
used in the Tyee 1021-A Standard-Signal Generator,
and whieh is illustrated in Figure 5, has the voltmeter
conneeted aeross 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 cable from the at-
tenuator pick-up loop to-the point at which the volt-
age is measured, or by the perfeetion of the termina-
tion at this point. The aceuracy of the effeetive output
impedance 1s determined by the resistor f2) alone be-
cauze it i3 immediately preceded by the voltmeter,
which can be considered a zero-impedance source
This makes the output system equivalent to tha
shown in Case II, Figure 3. Resistor s at the at-
tenuator pick-up loop is a matching resistance to pre-
vent high-amplitude standing waves in the eable when
Illl‘ load is l'l'Ill(?\'(‘Ll.

Voltages between 0.5 volt and 2 volts are indieated
dircetly by the output meter. For voltages below 0.5
volt, the output is first set to 0.5 volt as indieated by
the meter; and the attenuator index, which is ad-

3. Schematic diagrams of four types of generator
output system.

I1iGune
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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 phas

justable, is et 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 system gives more
accurate output indications than the more common
arrangement with the voltmeter at the attenuator

input.
MODULATION

Internal 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
s0uree.

The Tyee 1001-A Standard Signal Generator is
capable of being modulated up to 809, the Type
805-C up to 1009, and the Tyre 1021-A up to 509%.
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 {requency is
desired, the unmodulated and attenuated output 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 ecrystal 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

e relationships of the voltages are not included, and it is as

sumed that Zg is a pure resistance.

between 20 and 1000 megacyeles and ean produce 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 input and output terminals,
and some associated circuits for applying bias and
modulating voltages. It is designed for use at ecarrier
frequencies from 60 to 2800 megacveles and ean
produce up to 1009 amplitude modulation from
either sine wave or pulse sources,

Fraure 5. Funetional diagram of the Type 1021-A out-
put system.

BUTTERFLY —
TUNING L1a'T

CABLE TERMMNATION
R-2

ATTENJATOR

CALIGRATED ATTENUATOR
LAy

MOVA|
mcr.:?“

cBiiEcTon

ATTEMJATOR
DRIVE MECHANISM
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SIGNAL GENERATORS

TYPE 1001-A STANDARD-SIGNAL GENERATOR

USES: The Tyre 1001-A Standard-Signal
CGienerator is a laboratory instrument for use
in determining the performance of receivers
and other equipment at radio and supersonic
frequencies. Its sturdy construetion 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-P6 Crystal Diode
Modulator, the generator output can be
modulated at video frequencies for testing
television i-f eireuits.

DESCRIPTION: T'he welded aluminum cabinet
of the Type 1001-A Standard-Signal Genera-
tor houses three separate groups of cireuits.
The power supply is at the top, the completely
shielded radio-frequency portion in the middle,
and the modulation and control circuits at
the bottom.

The Hartley-type carrier-frequency oscilla-

tor covers in eight ranges the frequency
spectrum from 5 ke to 50 NMe. The plates of
the main tuning capacitor are shaped to give
a logarithmic variation of frequency with
angular rotation. The precision of frequeney
setting, therefore, is constant, and the vernier
dial is ecalibrated directly in percentage fre-
queney inerements,

A buffer 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-
queney 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 oscillator for internal modulation and a
germanium crystal 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 kilocyeles to 50 mega-
eyeles covered in eight direct-reading ranges as follows:
5to 15 ke, 15 1o 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 Calibration: Logarithmic up to 15 Me,
departing slightly from the logarithmiec scale at higher
frequencies, Aceuracy, 419,

Incremental-Frequency Dial: Frequency inecrement
is 0.17, per dial division, at frequencies up to 15 Me.
Frequency Stability: Warm-up drift is of the order of
0.259. Half the maximum drift is reached in 113 hours.
Output Voltage Range: Open-circuit output voltage
at the attenuator jack is continuously adjustable from
0.1 microvolt to 200 millivolts, With output eable termi-
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
direetly by the output meter and is 2 volts if the meter
is set to the reference mark. This voltage is available up
to at least 15 Me.

Output Impedance: Output impedance at the attenu-
ator jack is 10 ohins (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

reduced 100:1) can be obtained with the Typr 1000-P3
Voltage Divider, a standard (IRE) test impedance with
the Tyre 1000-P4 Dummy Antenna, and a known indue-
tion field for testing loop receivers with the Tyre 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 (695 4 0.1 pv). With the output
dial =et 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 voliage is
correctly indicated to an accuracy of (109 + 0.3 pv)
and the error may be as much as 109, larger or smaller
at other output dial settings.

The accuracy of the open-cireuit output voltage at the
2 VOLTS panel jack is 439 up to 15 megaeyeles.
Amplitude Modulation: Adjustable from zero to 80%,.
Modulation percentage is indicated on the panel meter
and is accurate within 109, of the indieated wvalue,
with a possible additional error of 29, in modulation level.

The internal modulation frequency is 400 eyeles =57,

The external modulation characteristic is flat within

Type

==1 decibel from 20 cyeles to 15 kiloeveles, To provide
809, modulation, the external audio oscillator must
supply 12 volts into a 4000-ohm load (36 milliwatts).
Incidental Frequency Modulation: At 8077 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 (15 to 50 Me) where it may be three times as great,
At lower modulation percentages, 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
Type 1000-P6 Crystal Diode Modulator (page 148) is
recominended.
Carrier Distortion: Of the order of 797 on all except
the lowest range, where it may inerease to 157%.
Envelope Distortion: About 69 at 8077 amplitude
modulation.
Noise Level: Carrier noise level corresponds to about
0.19, modulation.
Leakage: Stray fields at 1 Me are substantially less than
one mierovolt per meter two feet from the generator,
Terminals: Tyer 874 Coaxial Terminals are 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
60 eyveles. Power input is approximately 65 watts at 115
volts.
Tubes: Supplied with the instrument.

1 — GC4 1 —5Y3-GT
1 — 6L6 2— 003/ VRR105
1 —6ALS 1 — GSN7-GT

Accessories Supplied: Tyre 874-R21 3-foot Coaxial
Cable, Typre 1000-P1 50-Ohm Termination Unit, Tyee
1000-P2 40-Ohm Series Unit, Tyee 874-Q2 Adaptor,
Tyee TO-44 Adjustment Tool (stored in eabinet), Tyrr
274-MB Plug, spare fuses, and o power cord.

Other Accessories Available: Not supplied but avail-
able on order are the Tyrer 1000-P3 Voltage Divider, the
Tyee 1000-P4 Standard Dummy Antenna, the Tyee
1000-P10 Test Loop, and the Type 1000-P6 Crystal Diode
Modulator. See pages 148 and 149,

Mounting: The instrument is assembled on an aluminum
panel finished in black ernckle lacquer and mounted in
an aluminum eabinet with a black wrinkle finish. The
eabinet is provided with earrving handles, A recessed
compartment is built into the top of the cabinet for stor-
ing accessories.

Dimensions: (Height) 143§ x (width) 2014 x (depth)
1094 g inches, over-all.

Net Weight: 54 pounds.

Code Word - Price

1001-A
PATENT NOTICE. See Notes 2, 3, 4, and 9, page vi.

| Standard-Signal Generator. . . . ... ... [ ARGUS ]

| $695.00
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SIGNAL GENERATORS

TYPE 805-C STANDARD-SIGNAL GENERATOR

USES: The Tyre 805-C Standard-Signal Gen-
erator is designed primarily as a precision
laboratory instrument for rapid and accurate
testing of radio receivers. Because of its
aceuraey, wide frequency range, and high
voltage output, it is a valuable instrument for
luboratories engaged in research and design
on radio receivers and allied apparatus, while
its speed and simplicity of operation make it
well adapted to production testing.

It can be adapted for testing television i-f
cireuits by the use of a Tyre 1000-P6 Crystal
Diode Modulator.

DESCRIPTION: T'unctionally this instrument
consists of (1) a carrier-frequency oscillator,
(2) a tuned radio-frequency amplifier, (3) a
resistive output attenuator and a voltmeter
to read the output level, (1) a modulating
oscillator (100 eyeles 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 nstalled 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
polystyrene strips, insuring both low capaci-
tance and low dielectrie losses.

The main tuning eapacitors 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
logarithmie 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
broadcast band dummy antenna output is
also provided.

FEATURES: > Output
variable up to 2 volts.

voltage continuously

> 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



> Tuned amplifier minimizes reaction of out-
put cireuit on carrier frequency.

> Tuned cireuit is heavily damped to prevent
side-band elipping.

SIGNAL GENERATORS

3> Minimum baecklash in gear trains.

> Regulated power supply eliminates the

effects of hine-voltage fluctuations.

SPECIFICATIONS

Carrier Frequency Range: 16 kiloeveles to 50 meg:
eyveles, covered in seven direct-reading ranges, as follows:
16 to 50 ke, 50 to 160 ke, 160 to 500 ke, 0.5 to 1.6 Me.
1.6 to 5.0 Me, 5.0 1o 16 Me, 106 to 50 Me, A spare range
position is provided so that a special set of coils ecan he
inztalled if desired,

Frequency Calibration: Each range is direet reading
to an accuracy of =197 of the indieated frequency.
Frequency Drift: Not greater than
frequency range for a period of 5 hours' econtinuous
operation.

Incremental Frequency Dial: A slow-mation vernier
drive dial is provided, by means of which frequeney
increments as small as H.[ll‘-.: may he obtained.
Output Voltage Range: Continuously adjustable from
.1 mierovolt to 2 volts, The output voltage (at the termi-
nation of the 75-ohm output cable) is indicated by a panel
meter and .-=L'\'vr|-1_n-':t1: '.nlt]l'lI_J]i{-r.

Output System: The output impedance at the panel
jack is 75 ohins, resistive. A

=0.175 on any

ohm ontput cable is pro-

vided, together with a termination unit that furnishes

A, and 0.75 ohms.
The ealibration of the ]l.'mt'i \‘uh.‘rl:-N-r-l:ni|ri;)|il-:' com-
bination is in terms of the actual wvolt:

37.5-ohm output, When the 7.1- and 0.75-ohm positions

ronstant output i1[lpt‘lL:1I'If.'L'.':'- ol

ross the

Fi

are used, the indicated output voltage must be divided
by 10 and 100, respeetively. A standard dummy-antenna
output is also available at the termination unit.
Output Voltage Accuracy: For multiplier settings
below 1 volt the maximum error in output voltage is the
sum of the attenuator and voltmeter errors listed below,
Maximum Voltmeter Error: =57, of indicated reading
up to 25 megacycles. Above 25 megaeyeles, an additional
frequeney error occurs, amounting to a total of 479 at
30 megacyeles, At o full seale and 50 Me, there is also
a transit-time error of —35% in the voltmeter tube.
Maximum Attenuator Error:

Below 3 Me, 4=(3% +4-0.1 microvolt

3 to 10 Me, (539 0.2 microvolt)

10 to 30 Me, (109, 4+0.4 microvolt)

30 to 50 Me, 4(15,4+0.8 microvolt

There is no attenuator error for the l-volt multiplier
-t‘lli.:|;.:.
Modulation: Continuously variable from 0 to 1007,
The pereentage of modulation iz indieated by a panel
meter to an accuraey of =10 ¢ of the meter l‘l‘;lfiill;: up
to 807, for earrier frequencies below 16 Me; 4157, for

higher carrier frequeneies,

Type

805-C
PATENT NOTICE.

See Notes 1, 2, 3, 4, and 9, page vi.

AUDIO OSC., MOD. CONTROL MODULATOR % MOD.

EXTERNAL

MOD.

GENERAL RADIO COMPANY

| Standard-Signal Generator. .

Internal modulation is available at 400 eveles and 1000

eveles, aceurate in fl'i’!||ll'[tt‘l\' within

The generator can be modulated by an external oscil-
lator. Approximately 10 volts across 500,000 ohms are
required for 8077 modulation. The over-all modulation
teristic is as follows:

ehiars
Carrier Frequeney Aundio Range Level
0.5—30 Me a0 —15,000¢ +1 db
0.1—0.5 Me Hle —10,000¢ +1.5 db
16—100 ke e —107, of Carrier  ==1.5 db

Fregueney
Frequency Modulation: On ithe highest carrier fre-
queney range the frequency modulation is about 0.05%,
for 10075 modulation, and 0.02° o for 309 modulation.
\t lower carrier frequencies the frequency modulation is

les= than these pereentage-
Above 20 Me for applications where inecidental fin must
be negligible or for wideband (video) modulation, the
Tyre 1000-P6 Crystal Diode Modulator should be used.
Distortion and Noise Level: The cnvelope distortion at
a modulation level of Hll"; is Jess than 5° r', at 1 Me earrier
‘frn.’aguvm'l\', Carrier noise level 15 at least 40 db helow Hl}";’.
modulation.
Leakage: The magnetie induction leakage is less than 5
microvolts per meter at a distanece of 2 feet from the gen-
erator. The 3-foot output cable permits the receiver
under test to be kept bevond this limit. Radiation fields
are negligible,
Power Supply: The instrument operates from any 40 to
60 eyele, 113=volt (or 230-volt) line. An electronic voltage
regulator compensates for line v

age fluetuations from
105 to 125 volts (or from 210 to 250 volts). A maximum
input power of 150 watts is required.

Tubes: Supplied with instrument.

1 — 6C8-G I —0D3

3 — 6L6 |l — GALS

1 —5U4-G | — 6116
2—2A3 I — Amperite 3-4
1 — 65F5

Accessories Supplied: Line connector cord, shielded
output cable and termination unit, and spare fuses,
Mou nting: The p:l,'lv| is finished in black crackle and the
cabinet is black wrinkle finish,

Dimensions: (Height) 16 x (width) 33 x (depth) 1:
inches, over-all.

Net Weight: 11714 pounds.

Code Word Price

$1495.00

LEPER

Ganged

R.F. 0SC.

QUTPUT
VOLTAGE
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TYPE 1021-AU STANDARD-SIGNAL GENERATOR
(250-920 Mc)

TYPE 1021-AV STANDARD-SIGNAL GENERATOR
(50-250 Mc)

USES: The Tyre 1021-A Standard-Signal
Gienerators are as reliuble and as convenient
at very high and ultra-high frequencies as
conventional Standard-Signal Generators are
at much lower [requencies. Their main use is
the determination of radio-receiver and am-
plifier charineteristics 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 Typr 1000-P6 Crystal-Diode
Modulator and a source 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
loeal 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: Iach Typr 1021-A Standard-
Signal Gienerator isa compact and light-weight
mstrument of simple, yvet rugged and durable
design. For flexibility and economy, ecach
signal generator is made up of two units. The
power supply, modulator, and metering sys-
tem make up one unit, the Type 1021-Pl
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 interchangeable carrier-oscillator
units: The Tyer 1021-P2 U-H-I" Unit for 250
to 920 Me or the Tyrr 1021-P3 V-II-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 indieate either
carrier output voltage or modulation percent-
age. With the Typee 1000-P6 Crystal Diode
Modulator, the generator output can be
modulated externally over a range of 0 to 5
megacycles, 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 carrier oscillator units for the two
instruments differ only in the frequency range
covered. IMach uses a butterfly cireuit as the
tuning element and covers its range in a single
band. A mutual-inductance-type attenuator is
used, with a dial calibrated 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 matehing resistor and
can be standardized against the regulated
power supply.

FEATURES: > Cienerator 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 Tyee 874 Coaxial
Connectors, and a wide variety of accessories
is available (see pages 122 to 139).

> Unit design provides flexibility. V-TT-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 ==1%,.
Output Voltage: Continuously adjustable from 0.5 pv
to 1.0 volt, open-circuit.

Qutput Impedance: 50 ohms =107,

Output Voltage Accuracy: Over-all aceuracy of output
voltage is better than #4207, The aceuracy of output
voltmeter calibration between 0.5 volt and 1.0 volt is
better than =109, The aceuracy of the attenuator dial
calibration for voltages between 1.0 pv and 0.1 volt is
better than =457; from 0.1 volt to 0.5 volt, better than
+10%. At 920 Me, the resonance error in the voltmeter
is +6%.

Amplitude Modulation: Adjustable, 0 to 507, Inter-
nal, 1000 ¢ +5%. External, flat within 3 db from 30 ¢ to
15 ke. For 5077 modulation, external audio osecillator
must supply 18 volts across a 100 kilohm load.
Envelope Distortion : Less than 577 at 5077 modulation.
Noise Level: Carrier noise level corresponds to about
0.29% modulation,

Incidental Frequency Modulation: For 507, ampli-
tnde modulation the incidental 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 wvalues of incidental fin are required, the Tyre
1000-P6  Crystal Modulator or the Tvyee 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 uv sensitivity.
Terminals: Tyrr 874 Coaxial Terminals are provided
for the output conneetion.
Power Supply: 1135 or 230 volts, 50 to 60 eycles. Power
input is approximately 50 watts.
Tubes: Supplied with the instrument:
1—8yvlvania Tyre RT-434 L—Amperite 6-4
1—6X5-GT 2—0C3
1—6K6-GT
Accessories Supplied:
1 Tyer 874-R20 3-foot Coaxial Cable (50 )
1 Type 874-C Coaxial Cable Connector
1 Typrre CAP-35 Power Cord
Other Accessories Available: Not supplied, but avail-
able on order are Tyre S7T4-GT 20 db Attenuator Pad,
Tyee S7T4-GG 10 db Attenuator Pad, Tyre S874-K
Coupling Capacitor, Tyre 1000-P6 Crystal Modulator,
and Tyre 1000-P7 Balanced Modulator,
Mounting: The aluminum ecabinet has a black wrinkle
finish. The left-hand side houses the Tyre 1021-P1L Power
Supply;: the right-hand side houses the Tyer 1021-P2
U-1-17 Unit, Panels are black erackle-finished aluminum,
Dimensions: (Height) 1434 x (width) 2014 x (depth)
1024 g 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: For 509, ampli-
tude modulation the incidental fm is approximately 100
parts per million for frequencies up to 100 Me, and is
approximately 300 parts per million at 250 Me. When
lower wvalues of ineidental fm are required, the Tyer

1000-P6 Crystal Modulator or the Typg 1000-P7 Bal-
anced Modulator (page 150) is recommended.
Tubes: Supplied with the instrument:

12ATT7 (Oscillator instead of RT-434),

Other tubes as listed above.
Mounting: Cabinet is same as for Tyre 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.

Type Code Word Price
1021-A Standard-Signal Generator with both oscillator
Unils; 80-920 MC ..o ae e s smsess 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....... EVOKE 400.00

PATENT NOTICE. See Notes 3, 4, 10, page vi
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SIGNAL GENERATORS

TYPE 1T000-P SIGNAL-GENERATOR ACCESSORIES

TYPE 1000-P3 VOLTAGE DIVIDER

This voltage divider, used with the Typre 1001-A
Standard-Signal Generator, provides a known voltage
across a onc-ohm resistor, which ean be inserted in
series with a loop antenna for testing loop receivers.

It plugs into the output jack of the signal generator
(Tyee 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,
Type Code Word Price

1000-P3 | 100:1 Voltage Dividerl anmwon | $17.50
PATENT NOTICE. Sece Notes 3 and 4, page vi,

TYPE 1000-P4 DUMMY ANTENNA

Conneeted to the terminated output of a standard-
signal generator of 50 € output impedance (25 @1, this
dummy antenna provides the output characteristies
specified by the Institute of Radio Engineers in their
1948 “Standards on Radio Receivers, Methods of
Testing Amplitude-Modulation Broadeast Reccivers.”
Terminals are T'yrre 874 Coaxial Connectors, which
fit. both the signal generator output jaek and the out-
put cable.

Net Weight: 314 ounces.
T 11 e Code Word *rice

1000-P4 | Dummy Antenna .... arrow | $15.00
PATENT NOTICE. See Notes 3 and 4, page vi.

TYPE 1000-P10 TEST LOOP

With this shiclded test loop, radio receivers with
loop antennas can be tested by the preferred method
of the 1948 “Standards on Radio Receivers, Methods
of Testing Amplitude-Modulation Broadeast  He-
ceivers,”” published by the Institute of Radio Lngi-
neers. The 3-turn loop is inclosed in copper tubing for
electrostatic shielding. Cirenit constants are chosen
to make the field strength in volts per meter, at a

T

1000-P10
PATENT NOTICE, See Notes 3 and 4. page vi,

TYPE 1000-P5

Shielded Test Loop .. ......ccvvuun

View of the Tryer 1000-PL0 Test Loop. the Typ:
1000-P3  Voltage Divider, and the Typer 1000-P4
Standard Dummy Antenna.

distance of 19 inches from the loop, equal to one-tenth
the signal generator output in volts, with a 50 ¢

generalor,

Terminal: Tyee 874 Coaxial Connector,

Dimensions: (Ileight) 1614 x (width) 1135 x (depth
313 inches.

Net Weight: 11 2 Jnlumi:-.

Code Ward Price

ARIAY $40.00

V-H-F TRANSFORMER

50 Ohms, Grounded, to 300 Ohms, Balanced

The Tyre 1000-15 V-1-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 a0 300-ohm
balanced impedanee for r-f measurements of f-m and
t-v receivers,

The transformer is mounted in a eylindrical con-
tainer terminated at one end in a Type 871 Coaxial
Connector and at the other in a socket designed to
receive the Alden Tyre HHAQ02P Connertor for stand-
ard 300-ohm open parallel-wire line

RANSEORMER 80

T
E I000-P5

Frequency Characteristics of Tyer 1000-P5 V-H-F
Transformer. Shaded areas show tolerances.

OPEN-CIRGUIT | 1
i
Rl Ry
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A e
W77 .

et |
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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 H0-ohm source.

Terminals: Input — General Radio Type 874 Coaxial

Tiyp:
1000-P5
PATENT NOTICE. See Notes 3 and 4, page vi.

V-H-F Transformer............

SIGNAL GENERATORS

Connector.

Output — Fits  Alden Tyee
mating connector is furnished.
Dimensions: (Length) -13-;\1 x (diameter) 7% inches.
Net Weight: 319 ounces.

HA902P  Connector;

Cade Ward Priee

$27.50

ARSON

TYPE 1000-P6 CRYSTAL DIODE MODULATOR

CRYSTAL DIOD

MODULATOR
) SERiAL NO

USES: The crystal diode modulator is an absorption
modulator for amplitude modulating the output of a
radio-frequency generator over the carrier range from
20 to 1000 megacycles. It can be used to modulate the
output of standard-signal generators and other oscil-
lators over a modulating-frequency range of 0 to 5
megacyeles, It is particularly useful where wide-band
modulation, as for television receiver testing, is re-
quired, or for radio recejver tests where incidental fm
must be negligible.

DESCRIPTION: The modulator consists of a erystal
diede 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 voliages. Since the
resistance of the erystal diode is a funection of the
voltage across it, this resistanee ean be modulated by
applying a varying voltage. Inscrted between a radio-
frequeney generator and its load, the unit produces
amplitude modulation by variation of load impedanec.

When the modulator is used with a standard-signal
generator, the output attenuator of the generator pro-
vides suflicient isolation to prevent reaction of the
modulator on the generator frequeney. With an oseil-
lator not equipped with an output attenuator, it is
recommended that o Tyee 874-GF (20 db) or a Tyre
874-G(3 (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 frequeney, and henee frequency modulation,
is practically negligible. The power required for modu-
lation is very low.

> I'or testing television receivers, a video signal, con-
veniently obtained from a standard receiver tuned
to a local station, can 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 earrier
frequeney of 10 megaeveles due to output filter,
Modulating Frequency Range: 0 to 5 megacyeles.
Response is approximately 2 db down at 5 megacyeles
with a gradual roll-off to prevent =erious phase distortion
of video signals.

Impedance: The impedance looking into either the
input or output terminals is o 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 iz approximately 600 ohms,

Modulation: With no greater than 50 millivolts r-f
input, 30% amplitude modulation ean be obtained at
carrier frequencies between 20 and 1000 Me, For optimum
sine-wave modulation, an average crystal requires 1.5
volts at the bias terminal. The inzertion loss under these
conditions is approximately 12 db, and approximately
0.2 volt r-m-s at the modulation terminals will produce
309, modulation. Maximum percentage modulation is an
inverse funetion of earrier frequeney, and at 1000 mega-

Type

1000-P&
PATENT NOTICE, See Notes 3, 4, page vi.

GENERAL RADIO COMPANY

| Crystal Diode Modulator.............

eveles is limited to about 309%. 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 aceept either a Tyre 874
Coaxial Connector or a Tyer 274-M Plug.
Crystal Diode: IN21B.
Accessories Supplied: One Typre 274-MB Plug.
Other Accessories Required: Terminal adaptors, unless
generator and load are equipped with Tyrr §74 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 874-GI Fixed Attenuator, 20 db

Tyre 8§74-GG Fixed Attenuator, 10 db

Tyre ST4-R20 Patch Cord

Type 1000-P5 V-H-F Transforiner

(IFor deseriptions and prices, see pages 122 to 139, and

148.)
Dimensions: (Width) 5 x (height) 4 x (depth) 1144
inches, over-all.

Net Weight: | pound.

Code Word Price
$40.00

APPLE
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TYPE 1000-P7 BALANCED MODULATOR

USES: The Typr 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 characteristics, or where full
100% linear amplitude modulation is required
over a modulating frequency range of 0 to 20
megacycles. 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 Typr 1217-A
Unit Pulser for pulse-modulating the output
of the Tyrr 1021-AU and Tyrr 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 cireuit.

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 Mec 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 megacyeles.
Modulation-Frequency Range: Ilat from 0 to 20
megacyeles. For pulsing, the rise-time contribution is
less than 20 millimicroscconds.

Impedance: The impedance looking into either input or
output terminals is a function of the bias and modulating
voltages. The source and load impedances should be
50 ohms. The impedance at the modulation input is
50 ohms =457/, It is recommended that a Tyre ST4-GT
(20 db) or a Tyre 874-GG (10 db) fixed attenuator be
used at the input and another at the output whenever
the attenuation ean be tolerated. The attenuator at the
input is useful for isolation to minimize reaction on the
oscillator frequency and hence frequeney 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 ean 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

ages and, consequently, higher output voltages are
permissible if bias and balance readjustments are made
for each change in level. The r-f source must not ex-
ceed 0.5 volt behind 50 ohms or the crystal 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 Tyrg
874 Coaxial Connectors. The radio-frequency input
terminal iz of proper elevation to plug directly into the
output connector of the Tyre 1021-A Signal Generator.
Crystal Diodes: Two Tyre IN21-B.

Accessories Supplied: One Typr 1000-P7-28 40-em
Cable; one Typre 1000-1°7-28-2 80-cm Cable; one Typr
874-C Cable Connector.

Other Accessories Required: Terminal adaptors, unless
generator and load are equipped with Type 874 Coaxial
Connectors; suitable coaxial eable for connecting modu-
lation source.

Accessories Available: Type 874-GF Fixed Attenuator,
20 db; Tyre 874-GG Fixed Attenuator, 10 db: Type
1000-P5 V-H-I" Transformer; Tyre 874-1220 Patch Cord:
Tyre 874 Adaptor to types N, BCN, C, and UHF
connectors and to Tyrr 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 !i"ord Price

input. voltage. However, somewhat higher input volt-
Tupe
1000-P7 | Balanced Modulator............. |

PATENT NOTICE. See Notes 3 and 4, page vi,

150

AWAKE | Price on Request

GENERAL RADIO COMPANY



OSCILLATORS AND GENERATORS

A souree 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 characteristies 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 circuit can be used to ad-
vantage. General Radio makes two audio fre-
quency oscillators of this type. Of particular
interest is the Tyre 1307-A Transistor Oscil-
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 [-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
Typrs 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 circuit which varies inductance
and capacitance simultaneously, with no
sliding contacts. The butterfly circuit is a
General Radio development.

Beat-Frequency Types: The first commercial
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 Tyrpr 700-A delivers output frequencies
up to 5 megacyeles and hence ean 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 Typre 1302-A de-
signed for a wide frequencey 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 seetion of this
catalog. Listed in the following section is an
audio-frequency tuning-fork, the Typr 723, It
is a useful source for confinuous operation,
as in modulating beacon transmitters.
Miscellaneous Types: The Tyre 1390-A
Random Noise Generator delivers a continu-
ous noise speetrum, as generated by a gas-
discharge tube.

The Typr 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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Frequency Maximum Open-Cireuit  Nominal Load Harmeonic Power  See Page
Type Name - Class - R_miuc Ouiput Valts I'mpedance _)')r'xfnr.fimt .‘iu;_}p{y No.
a Beat-Frequeney e 8 20-20,000 cycles . 3 600 ohms, balaneed i g =
1304-13 Oaclilasor Beat-I"requency 20,000-40,000 eyeles 1 watt Ho or:grounded <1Y% A-C Line 154
. . " g 600 ohms, hﬂlal.-tm;d
1301-A II;:(\-\iFI-lD:;:mruon R-C Degenerative ?g;ll’;;‘e}((lmi:g:c:xzauics) 18 mw 6.6 or grounded <019  A-C Line 158
: AL ! 100 mw 30 5000 ohms, grounded
> 40 mw 10 600 ohms, balanced
£ 1302-A Oscillator R-C' Degenerative 10-100,000 eycles 20 mw 5 300 ohms, grounded <19 A-C Line 160
3 80 mw 20 5000 ohms, grounded
£ (1) 20-20,000 cyeles
% (2) 20,000-40,000 cycles
3 Two-Signal Audio i (3) Two signals sep- Normal —10 mw 5 <0.2% G
3 1303-A (. erator Beat-Frequency ssately adinstabie Hish—1 wabt 50 600 ohms, grounded <19 A-C Line 162
o (4) Two signals with a
% fixed difference
3 : < llet ik foi 400, 1000 eyeles - 8000 ohms, grounded e >
1214-A  Unit Oseillator Tuned Cireuit (9 fixad fracinenoles) 200 mw 80 o uiEiendsd <3% A-C Line 164
- Transistor " R s 400, 1000 eyveles o < &7 Mercury o
1807-A () cillutor Tuned Cireuit (2 fixed frecmencios) 6 mw =2 600 ohms <5% Cells 153
i ; . y % 400 or 1000 eyeles - _ P ik = =07 5
723 Vacuum-Tube Fork  Electro-Mechanical (2 models) 50 mw 31 max. 50, 500, 3000 ohms <0.59 A-C Line 164
Wide-Range Beat- - . 50 eveles—40 ke . " 0 4 =
e T00-A Fraquency Ossillator Beat-Frequency 10 ke—5 Me 0.1  watt 10—-15 3500-0hm pot. <3% A-C Line 156
ES? - T Tnit P
2 3 o 3 y2 o 55 Me 2 w & X nit Power
E : % 1211-A  Unit Oscillator Tuned Cireuit 55 {})Mc 200 mw 50 ohms Supply 165
E — —
ouw : o i~ — 400 eyeles, 1000 eyeles 0.75 watt 12 50 ohms aer :
1330-A  Bridge Oscillator Tuned Circuit 5 ke—50 Me vkt 10 20-80 ohms <3% A-C Line 166
1209-A  Unit Oscillator Butterfly Tuned Cireuit  250-920 Me 200 mw 50 ohmis éﬁ::)lr: il L
Low = ¢ _ : " 3 - - Unit Power x
215- . Semi-But 50-250 ) : ;
g £ ; 1215-A  Unit Oscillator Semi-Butterfly 50-250 Me 80 mw 50 ohms Supply 168
H >, .
1208-A  Unit Oseillator Tuned Cirenit 65-500 Me 100 mw 50 ohms g;::)ll‘_"“” 168
e 30 eyveles—20 ke - —_
e 1390-A :5'9‘:';':::;}?"“ Gas Discharge 30 cyeles—500 ke - miY "*:{‘:;’ g o2 A GLine 171
k! E ien 30 cyilon—8 Me groun Spectrum
‘ —_—
“a"é R-C Internal oseillator. 30 ¢—100 ke Flat-top Pulse Unit Power
1217-A  Unit Pulser : ! 20 max. 0.05 psec 172

May beexcited externally. (12 fixed frequencies)

rise time

Supply
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OSCILLATORS

TYPE 1307 -A TRANSISTOR OSCILLATOR

| FREGUENGY
Aoy

o

USES: The Tvyre 1307-A Transistor Oscillator
is a convenient battery-operated source for
the Tyre 1552-A Sound-Level Calibrator (see
page 15). Because it is so easy to earry and
use at any location, it is also useful in con-
tinuity checks of audio systems, in setting
operating levels, in checeking the sensitivity
of oscillographs, and in making other prelimi-
nary calibrations of electronic systems. In
addition, it 1s a convenient power source for
bridge measurements at 400 and 1000 eyeles.

DESCRIPTION: The Tyre 1307-A Transistor
Oscillator uses a P-N-P junction-type transis-

tor. The oscillator uses the IHartley eireuit.
The inductor of the tuned circuit contains an
additional winding for supplying the output
load, and a rectifier-type voltmeter is con-
neeted across this winding to indicate the
voltage at the output terminals.

FEATURES:
> Small and compact; easily carried in
pocket.

> Battery operated.
> Meter indicates output voltage.
> Iits Tyre 1535-P1 carrying ease.

SPECIFICATIONS

Frequency: 400 and 1000 eyeles accurate to =39 at 2
volts output into a 600-ohm resistive load, The frequeney
decreases slightly with inerease in output level. A re-
active load will shift the frequency, since the load is
coupled directly into the tuned eireuit.

Qutput: Adjustable. Maximum output is at least 2 volts
aeross G00-ohm load,

Distortion: Less than 3% at 2 volts across 600-ohm
|‘|:l'1.

Voltmeter: 3 volts full seale, calibrated directly in volts
at the output terminals,

Output Circuit: The outpul cable is terminated in a
274-M 1B double plug. No connection is made to the ease,
Batteries: Three mercury A batteries (Mallory RM-1 or
f'llllj\':'lh‘lli ) are :-xllpp!il‘f.l.

Transistor: One P-N-P junetion transistor (Raytheon
Type 721 or equivalent) is supplied.

Case: Aluminum, black finish,

Carrying Case: A leather case with straps is available,
Tyee 1555-P1,

_ Tupe e =
1307 -A Transistor Oscillator ... .. ..
1555-P1 | Leather Carrying Case. ... ..

GENERAL RADIO COMPANY

Dimensions: 6 x 31§ x 214 inches, over-all but excluding
output eable.
Net Weight: 1 pound, 14 ounces, with batteries,

Price

Code Ward

Price on Request
$10.00

OMEGA
CASER
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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-B
Oscillator can be used in conjunction with a
recorder to plot frequency characteristics
directly.

DESCRIPTION: The Typre 1304-B Beat Fre-
quency Oscillator 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 eircuit.*

The oscillator output level is continuously
adjustable, and the output can be connected
for either balanced or unbalanced use. The
unbalanced output circuit contains a three-
step attenuator. The output voltmeter is cali-
brated in dbm and open-circuit output volts.

The output voltmeter is used to standardize

YALT. G. Peterson and D, B, Sineclair, “A Single-Ended Push-
Pull Audio Amplifier,” Proc. I.R.E., 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-redue-
tion drive, essentially free from backlash. A
cycles-increment dial provides a means of
varying the frequency over a range of =50
cycles at any setting of the main dial.

IFor 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 3{-inch spacing.

FEATURES: > The output 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
cireuits and stabilization of the power supply.
> Very low hum level.

> lixcellent waveform is achieved by means of
careful oscillator eireuit design in conjunetion
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



OSCILLATORS

SPECIFICATIONS

Frequency Range: 20 to 40,000 eyveles in two ranges.
Frequency Controls: The main control iz engraved
from 20 to 20,000 eyvcles per second and has a true
logarithmie frequeney seale. The total secale length is
approximately 12 inches, The effective angle of rotation
is 240°, or 80° per deeade of frequency. For the higher
range, throwing a panel switeh adds 20 ke to the secale
frequeney. The frequen increment dial is ecalibrated
from 350 to —350 eycles.

Frequency Calibration: The ecalibration of the fre-
quency control dial ean be relied upon within (19, +
0.5 eyele) after the oscillator has been correctly set to
the line frequency or to zero beat. The 20 ke added by
the range switch is accurate within 20.597. The ac-
wwacy of calibration of the frequency-inerement dial
+1 cevele.

Zero-Beat Indicator: The output voltmeter is used to
indieate 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 aceuraey of #4219, of the nominal
attenuation.

Output Control: For each step of the attenuator the
'l\lrlllll \'1']‘:!}:1‘ cunn I)L' \'ll['il'll "()llti“\l"‘l!"l_\' fr()“l zZoro to
the maximum voltage.

Output Voltage: IFull-scale, open-eireuit output volt-
rex of 50 millivolts, 500 millivolts, 5 volts, and 50 volts

are provided. For a 600-ohm resistive load the variation

of output voltage with frequency is as follows:
NORMAL Range: Between 20 and 20,000 eycles the
output voltage varies less than 40,25 dh,

ADD 20 KC Range: Between 20 and 30 ke the output

Ty e

1304-B
PATENT NOTICE.

See Notes 1, 2, 15, page vi.

| Beat-Frequency Oscillator. .

voltage varies less than 0.5 db. Between 30 and 40
ke the variation is less than =#1 db. For open-cireuit
operation the output voltage rises considerably at the
higher frequenecies.
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 427,
With zero attenuation setting of the output attenuator,
the output may be used cither balanced or with one side
grounded. With one side of the output grounded, the
attenuator may be used throughout its entire range.
Output Power: 1 watt maximum into a 600-olun resis-
tive load.
Harmonic Distortion: The total harmonie content i=
less than 0.25%; from 100 to 10,000 cyeles. Below 100
d nonic content increases and may reach
¢ at 50 cyeles. Above 10,000 eyveles the harmonie
content is less than 1%,
A-C Hum: Less than 019 of the output voltage for
output voltmeter lings above 10% of full scale,
Terminals: Tyrr 9385 Binding Posts and standard
Western lilectrie 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
) t-;.'l‘ic-\'. l’n\\'-'l' l'nrlr-1|:n;:ti0u s :limut 10O watts,

Tubes: 2 GSLT7-GT 1 BRAT
2 GAUS-GT 1 12017
2 nD3 1 aV4-G

Accessories Supplied: Power cord, four-terminal plug,
and spare fuses,

Dimensions: 19%5 x 1314 x 71 inches, over-ull,

Net Weight: 39 pounds.

Code Word Price

$555.00

CAROL

OTHER BEAT-FREQUENCY OSCILLATORS
Other types of beat-frequency oscillators are deseribed on pages 156 and 212, Typex
700-A (page 156), with an upper frequency limit of 5 Me, is designed for wide-band
measurements. Tyee 1107-A (page 212) has a linear scale from 0 to 5000 cyeles, and is
used as an interpolation device in frequency measurements. Type 1303-A (page 162)
is designed particularly for intermodulation distortion tests.

FIAED GSCRLATCR

ELEMENTARY

VARVABLE OSCILLATOR

GENERAL RADIO COMPANY

et ATTENTOR

SCHEMATIC DIAGRAM
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OSCILLATORS

WIDE-RANGE
BEAT-FREQUENCY
OSCILLATOR

T POO-A AL #O BN
GEMESAL RADIO CO.
ATl WARE B8R

TYPE 700-A WIDE-RANGE BEAT-FREQUENCY
OSCILLATOR

USES: This oscillator is usetul for taking selec-
tivity eurves on tuned eircuits over a wide
range of frequencies, for measuring the trans-
mission characteristies of filters, and for test-
g wide-band syvstems 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  as  a  modulator  for
standard-signal generators.

DESCRIPTION: Two high-frequenecy osecil-
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 circuits 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 switch 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-puass
filters are provided to maintain a high ratio
of desired output voltage to heating voliage
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
di!:l;].‘

> The frequency variation with dial setting
is approximately logarithmic.

> An ineremental frequency control, also
direct reading, can be used to make small
variations in frequency 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 eveles
to 40 kiloeyeles, and 10 kiloeyveles to 5 megaeyeles.

Frequency Control: The main dial is direet reading in
frequency and carries two approximately logarithmie
frequeney scales covering the ranges specified above. A
frequency range switch is provided for rapidly changing

from one range to the other, There is also an ineremental
frequency conirol which is calibrated between — 100 and
+100 eveles on the low range and —10 and 410 kilo-
eyveles on the high range. Any frequency change made
with this control adds algebraically to the frequency of
the main control.
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Frequency Calibration: The calibration may be stand-
ardized at any time by setting the instrument to zero
heat with the zero adjustment control. This adjustment
can be made within 5 cyeles on the low range or 2 kilo-
eycles on the high range.

After the oscillator has been correctly set to zero beat,
the ecalibration of the main frequency-control dial can be
relied upon within 4=(29 4+ 5 eyveles) on the low range
and (277 + 2 kiloeveles) on the high range. The
calibration of the incremental frequency dial is within
=+5 eyveles or 4500 eyveles on the low and high ranges,
respectively.

Frequency Stability: Through careful design adequate
thermal distribution and wventilation are provided for
minimizing frequeney  drifts. The oscillator can  be
aceurately reset to zero beat at any time, thereby
eliminating errors caused by any small remaining fre-
queney drift.

Qutput Impedance: The output is taken from a 3500-
ohm Awvrton-Perry-wound potentiometer. One output
terminal is grounded.

Output Voltage: The maximum open-cireuit output
voltage of the oscillator is greater than 10 volts. Because
of the automatic volume control eireuit, this voltage
remains constant within 1.5 deecibels over each entire
frequency range.

Waveform: The total harmonie content of the open-
eireuit voltage is less than 497 for frequencies above 300
eveles on the low range.

A-C Hum: When the oseillator is operated at any supply
frequeney from 40 to 60 eyeles, the power-supply ripple
is less than 19, of the output voltage on either range.

Tupe

OSCILLATORS

Voltmeter: A vacuum-tube voltmeter cireuit is used in
the oscillator 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 frequency
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 24-inch spacing. The lower terminal
is grounded to the panel and shields.
Mounting: The instrument is normally supplied for
table mounting, but ecan 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 eyeles, 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—nJ5-GT/G 2—=25L6-GT

1—6J7 1—6116

1—6L7 1 —5U4-G

1=Typrr 2LAG-049
All tubes are supplied.

Accessories Supplied: Power cord, spare neon lamp,
spare fuses, and one Type 274-ND Shielded Plug.
Dimensions: (Width) 191 x (height) 11 inches x (depth)
13 Y inches.
Net Weight: 57!y pounds.

Code Waord Price

700-A

PATENT NOTICE, See Note 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 Type 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. Multiplving factors of 0.1, 0.01,
0.001, and 0.0001 ean 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.

( ' MULTIPLY BY

VOLTASE DIVIDER
i e
GENERAL RADIO 0O
pre e

SPECIFICATIONS

Accuracy: The accuracy of attenuation at low frequen-
cles is £39%.
Impedance: The input impedance is 2000 ohmns; the

1 'y ne

700-P1

GENERAL RADIO COMPANY

| Voltage Divider....................]

output impedance is 200 ohuns.
Dimensions: (Height) 414 x (diameter) 4% inches.
Net Weight: 114 pounds.

Code Word Price

$50.00

OTTER [
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OSCILLATORS

o

FREQUENCY

OUTPUT

OUTPUT

OO =

TYPE 1301-A LOW-DISTORTION OSCILLATOR

USES: The Tyre 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 18 also satisfactory for use as a
general-purpose laboratory oscillator.

The output frequencies include those rec-
ommended by the IFCC for distortion meas-
urements on broadeast transmitters. This
oscillator is thus ideal for use with the Tyrs
1932-A Distortion and Noise Meter for rapid
distortion measurements.

The unusually pure waveform delivered hy
this oscillator at low frequencies 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 C(ieneral
Radio Company. Separate feedback networks
control the frequency and amplitude inde-
pendently, thus providing high stability and
low distortion.

The degenerative feedback which controls
the frequency iz obtained by means of a
parallel-T network including mica capacitors
and wire-wound resistors. The regenerative

network includes an automatie 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 frequency 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 eyeles 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 Typg
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 cyeles.

SPECIFICATIONS

Frequency Range: 27 fixed [requencies 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 eyveles, while the
second multiplies these frequencies by 1, 10, and 100, The

frequencies included cover practically the entire audible
range in approximately logarithmic inerements.

The Tyrre 1301-P1 Range Iixtension 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.

158 GENERAL RADIO COMPANY



Frequency Calibration: Each instrument is adjusted
within (1149, + 0.1 evele).

Frequency Stability: The internal voltage regulator
eliminates frequency changes resulting from changes in
plate supply. Changes in load have no effect upon the
frequeney. The frequeney drift is not greater than 0.027;
per hour after the first 10 minutes of operation.

Output Impedance: Three output eireuits are provided.
Selection among them is obtained by means of a push-
hutton switch on the panel. The output impedances are
as follows:

. 600-ohm balanced to ground.

. 600-ohm unbalanced.

3. 3000-ohm unbalanced.

The volumne control is a potentiometer in the 5000-ohin
cireuit. The actual output impedance of the 5000-0hin
cirenit will vary between 1000 and 6000 ohms, depending
upon the setting of the volume control. Suitable resistance
pads keep the impedance of the 600-ohm outpnut cireuit
essentially constant, regardless of the volume control
setting, The 600-ohm balanced output cireuit is balanced
at all I'rm';ur.‘ur-i(.‘sc when ijiJ(_‘r:L[i!lg into a balanced load of
any impedanee.

Output Power: 18 milliwatts into 600-0hm load, or 6.6
volts open circuit; 100 milliwatts into 5000-o0hm load, or
30 volts open cireuit. The output voltage, for either im-
pedanee position, will remain econstant within 41 db
throughout the frequenecy range.
Waveform Distortion:
5000-ohm output:— Not more than 0.1%7
40 and 7500 exeles,
Not more than 0.15%- at aother
frequencies.
600-chm output: —Not more than 0.1%
50 and 7500 eveles.
Not more than 0.25%,
20 and 50 eveles.
Not more than

between

hetween
between

0.15% above
7300 eveles
When the range extension unit is used, distortion will be

less than 19 for the added range.

-f‘r,r_:a-

1301-A
1301-P1
FR1-412

PATIENT NOTICE

| Aluminum End Frames. . . .

Hee Notes 2, 0, page vi.
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- Lo.w—Disfori_ion Oscillator. . ... ... ..
Range Extension Unit (2 to 15 c.p.s.)

RADIO COMPANY

OSCILLATORS

Temperature and Humidity Effects: The operation
of the instrument is =ubstantially independent of elimatic
changes in temperature and humidity, Under extremels
high temperature and humidity the two highest fre-
quencies may be affected somewhat during the warm-up
period of the instrument.
Power Supply: 105 1o 125 (or 210 to 250) volts, 25 to 60
eveles ae. The total power consumption is approximately
45 watts. Specify line frequency when ordering.
Tubes:

I—6Y6-Ls

I—6SJ7T-GT

1—68K7-GT

1—680)7
1—NE-17
I—6X5-GT
1—6B4-(;
—6=sLT-GT
1—0133

Terminals: Jack-top binding posts with standard 3-{-5:.:-]1
spacing and standard Western Elestrie double output
iack are pl'u\'i(il'd on the panel. A ground terminal i= also
provided. A standard multipoint  connector  provides
duplicsate output terminals on the rear of the instrument
for relay-rack installation. These terminals are dis-
connected when a plug is inserted in the Western Eleetrie-
type panel jack.

Accessories Supplied: Power cord, multipoint connector.,
and spare [uses.

Mounting: The instrument is relay-rack mounted. End
frames are available to ::t|:1;_11’, 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 ean be supplied at extra cost.

Dimensions: Panel (length) 19 x (height) 7
depth hehind panel, 12 inches.

Net Weight: 31'4 pounds

inches;

Clode Ward

R OZONE
OVATE
ENDFRAMDIG

Price
$495.00

80.00
10.00 Pair

| 500040
OUTPUT
ouUTPUT —?—

SELECTOR

—— faganeralion

Daloy Bios
Voltoge
Regufotor—.
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OSCILLATORS

e i

TYPE 1302-A OSCILLATOR

USES: The Tyre 1302-A Oscillator is a con-
venient source of power for bridges and other
networks, especially where the [requency range
needed extends bevond the normal limit of
audio oscillators into the supersonic range.
It is particularly recommended for use with
the Typr T16-C Capacitance Bridge. The
entire audio spectrum is covered down to 10
cyeles, and the upper frequency limit of 100,000
cveles 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 cireuit. The frequency-determining net-
work is a Wien bridee, 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 1s arranged to provide
balanced-to-ground output for 600-ohm loads
as well as unbalanced output for 300- or
5000-ohm loads. The cirenit design is such that
considerable variations in load values from
these nominal outputs can be tolerated with-

out appreciably increasing the distortion.

FEATURES: > Wide [requency range, extend-
ing from 10 eyeles to 100,000 eycles.

> IFrequency multiplier is arranged in con-
venient decade steps.

> Excellent frequency stability is obtained by
means of the bridge-type feedback cirenits.
> Harmonic distortion has been kept low.

> A semi-logarithmie scale eliminates crowd-
ing at the low-frequency end and still allows
the high frequencies to be 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 wide
range of supply voltages,

SPECIFICATIONS

Frequency Range: 10 to 100,000 exveles, in four ranges.
Each range covers a decade (10-100 eyeles, 100-1000
eveles, 1000-10,000 eyeles, and 10,000-100,000 ecycles)
continuously variable,

160

Frequency Control: The main control dial is engraved
from 10 to 100 eyveles over a scale length of approximately
834 inches. Four multiplier switches multiply the seale
frequencies by 1, 10, 100, or 1000,
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Frequency Calibration: Each instrument is adjusted
within 24=(1149 4+ 0.2 eyele).

Frequency Stability: The warm-up drift is less than
197, in the first ten minutes and is less than 0.29; during
the next hour,

Output Impedance: Two output circuits are provided,
balanced 600 ohms and unbalanced 5000 ohms.

The internal impedance of the 600-chm output is con-
stant at 530 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
ontput is unbalaneced to ground.

The 5000-ohim output position is intended for 5000-
ohm loads, unbalanced to ground, although the effective
internal impedance of the oscillator averages about 400
olims in this position.,

Output Voltage: Approximately 20 volts open circuit
on 5000-ohm output, and 10 volts open cireuit on 600-
ohm output. The output voltage is constant within
-+ 1.0 ddb over the entire frequency range.

Qutput Power: A maximuwm power output of 80 milli-
watt= ean be obtained into an unhalanced 5000-ohm load.
A maximum of 40 milliwatts ean be obtained into a
halanced-to-ground 600-ohm load (20 milliwatts into an
unbalanced 300-ohm load).

Waveform: Harmonic content is less than 19, for all
output values and at all frequeneies within its range,
for 5000-ohm output. It is less than 0,59, for G00-ohm
output.

A-C Hum: 5000 2 output, 24 millivolts, maximum.
600 © output, 12 millivelts, maximum.

Terminals: Jack-top binding posts with standard 34-
inch spacing. The separate ground terminal has a strap
which can 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
relay-rack mounting, but can be easily adapted for table
mounting by the addition of two frames at the ends of
the p:lru'l (see i_Ji'i!'{' list l:ult)\\'}.

Power Supply: 105 to 125 (or 210 to 230) volts, 50 to
60 eveles,

Total power consumption is about 90 watis.

Tubes: The following tubes are used and are all supplied

with the instrument.
2—GSL7-GT
2—6B4-G
1—6AKG
1—616-GT

1—6V6-GT
1—6J5-GT
1—5V4-G
1—0D3

Ty ne

OSCILLATORS

A dielectric measurement  assembly  using the Ty

1302-A Oseillator as the generator. The other instruments

in the assembly are the Tyre 1231-BRFA Amplifier and

Null Detector, the Type T16-C Capacitance Bridge, and
the Tyre 1690-A Diclectric Sample Holder.

Accessories Supplied: A line connector cord, Tyre
274-N1) Shielded Plug, spare fuses and multipoint con-
nector,

Dimensions: Panel, (width) 19 x (height) 7 inches:
depth behind panel, 12 inches.

Net Weight: 50 pounds,

1302-A ' O;ci_llqior...‘.....”
FRI-412 Aluminum End Frames,
PATENT NOTICE. Sce Notes 1, 2, 9. page vi.

ATING FEEDBACK AW

GENERAL

Code Ward Price

$420.00
10.00 Pair

FINAL
EXDFRAMDIG
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\, IMPEBRNCE
JseLecTon
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OSCILLATORS

FUAL BEALE QUTVT

TYPE 1303-A TWO-SIGNAL AUDIO GENERATOR

USES: The Tvyre 1303-A Two-Signal Audio
Generator is designed primarily as a con-
venient test-signal souree 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 harmonic method.

(2) The intermodulation method using a
strong low-frequency tone and a weaker high-
frequency tone (standardized by the SN PTE),

(3) The intermodulation method. some-
times called a 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 audio-frequency
source for tests on audio-frequency lines,
networks, and amplifiers; for modulating
signal generators and test osecillators; and as
a voltage source for acoustic tests, recording
tests, and bridge measurements.

DESCRIPTION: The Tyrr 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 oscillators feed a penta-
grid converter. The resulting difference 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
oseillators feed an additional pentagrid con-
verter. The resulting difference frequency,
after filtering, 1s added to the output of the
first pentagrid converter. This  combined
signal is amplified in a degenerative amplifier,

The output 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 respect to
an output of one milliwatt into a 600-ohm
load. Following the voltmeter is a six-position
600-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 cyeles.

> Supplies combinations of two frequencies
for intermodulation distortion tests.

162 GENERAL RADIO COMPANY



» 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.

> Frequency and voltage stability are high.
> Output meter and attenuator are provided,
so 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 econtrol, labelled A, B, C, and D,
respectively, correspond to the following output com-
binations;

A: 20 to 20,000 cycles.

B: 20,000 to 40,000 cycles.

C: One frequency, fi, of 20 to 20,000 eveles and a
second frequency, fa, higher than fi by a fixed amount,
which may be between 0 and 10,000 eycles. As fi is varied
the difference frequency remains constant.

D: One frequency, fi, of 20 to 20,000 cyecles and a
second frequeney, fs, of 20 to 10,000 cycles.

Frequency Control: The main control is engraved from
20 to 20,000 eycles per second and has a true logarithmie
frequency seale. The total scale length is approximately
12 inches, The effective angle of rotation is 240° or S0°
per decade of frequency. The frequency-increment dial
iz ealibrated from <450 to —50 eveles. 20 ke is switehed
in to give 20 ke to 40 ke. A 314 inch auxiliary frequency
dial, fi, is engraved from 0 to 10,000 exveles over approxi-
mately 180% of dial rotation. The scale distribution is
approximately logarithmic above 500 cyeles and approxi-
mately linear below 500 ey cles.

Frequency Calibration: Main dial, 20 to 20,000 cyeles:
The calibration ean be standardized within 1 evele at any
time by setting the instrument to zero beat, The ealibra-
tion of the frequency control dial can be relied upon within
4+ (19, + 0.5 eyele) after the oscillator has been correctly
set to zero beat.

The aceuracy of calibration of the frequeney-inerement
dial is =1 cyele.

Auxiliary Dial, 20 to 10,000 cycles: The frequency can
be standardized within 1 evele by setting to zero beat.
The ealibration of the dial ean be relied upon within
4+ (37 4 10 eycles).

Zero Beat Indicator: The output voltmeter can 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 adjusted
from less than 0.1 to greater than 10 by means of a control
calibrated from 0.1 to 10,

Output Voltage: NORMAL output provides full-scale,
open-cireuit output voltages of 50 microvolts, 500 micro-
volts, 5 millivelts, 50 millivolts, 300 millivolts, and 5
volts, HIGIH output provides full-scale, open-cireuit
output voltages from 500 mierovolts 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 a matched resistive load, the variation of output
voltage with frequency is as follows:

f, range A, and fi, ranges C and D: Between 20 and
20,000 cyeles the output voltage varies less than 40.25 db.

J =+ 20 ke, range B: Between 20 and 35 kilocveles the

Tupe

output voltage varies less than ==0.3 db. It may drop
1 db at 40 kilocycles.

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 kiloeveles,

fa, range D: Between 20 and 10,000 eycles the output
voltage varies less than £0.25 db.

Qutput Voltmeter: Calibrated in volts output at open
circuit and in dbm. Above 109 of full scale, the calibra-
tion is aceurate within +5% of the reading.

Output Impedance: 600 ohms, resistive, within =297,
One side of the output eirenit is grounded.

Output Power: HIGH output is 1 watt maximum into
a matened load. NORMAL output is 10 milliwatts,
maximum, into a matched load.

Harmonic and Intermodulation Distortion: Dis-
tortion is not affected by the load impedance or the
settings of the output control and attenuator 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 values quoted below, which apply to all other
conditions of load and output settings.

Harmonic Distortion: For NORMAL output the total
harmonic content is less than 0.257: from 100 to 8000
eyveles. Below 100 eveles the harmonie content increases
and may reach 0.57; at 50 eyeles. For HIGH output the
total harmonic content is less than 19 from 100 to 8000
cyveles. Below 100 cyeles the harmonie content increases
and may reach 27, at 50 eycles.

Intermodulation Distortion: (1) CCIF: Quadratic
and cubic distortion for frequencies above 1000 eycles
and a difference frequeney greater than 100 eyveles are
each less than 0,159, on NORMAL output and less than
0.5% on HIGH output.

{2) SMPTE: The square root of the sum of the squares
of the quadratic and cubie distortion for fi between 40
and 300 eyeles and f; between 1000 and 15,000 eyeles is
less than 0.3 on NORMAL output and less than 3%
on HIGIT output.

A-C Hum: Less than 0.19; of the output voltage.
Terminals: Tyre 938 Binding Posts on panel. 4-terminal
socket in back.

Mounting: 19-inch relay rack panel with walnut end
pieces.

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
60 eveles. Power consumption 135 watts,

Tubes: 4—6SL7-GT 1-—5R4GY
3—6SAT I—6Y6-0
2—6V6-GT 1—63J7
2—63N7-CGT 1—0D3
1—6.J5-GT 1—3-4

1—61H6
Accessories Supplied: Power cord, multipoint plug,
and spare fuses,
Other Accessories Required: For measurements of
harmonic and intermodulation distortion the Tyre 736-A
Wave Analyzer is recommended as a detector.
Dimensions: (Width) 19)4 x (height) 1724 x (depth)
1774 inches, over-all,

Net Weight: 81 pounds.

Code Word Price

1303-A
PATENT NOTICE. See Note 2, page vi.

GENERAL RADIO COMPANY

| Two-Signal Audio Generator. . .. ....|

BEGET | $1450.00
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OSCILLATORS

TYPE 1214-A UNIT OSCILLATOR

The Typr 1214-A Unit Oscillator is a com-
pact and inexpensive audio oscillator with two
fixed frequencies, 400 and 1000 cyecles. It
is a convenient modulator for the high-ire-
queney 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. The unit can be used
with the output ungrounded. The a-¢ power
supply is built into the instrument.

SPECIFICATIONS

Frequency: 400 and 1000 eveles aceurate to 4297,
Output: The power output is over 200 milliwatts into a
load of 5000 ohins with the output eontrol (10 k) at
maximutn, Open-cireuit output voltage is about G0 volus.
Distortion: Less than 3% into matching load.

Output Circuit: The output can be isolated from ground
for using the ozcillator as a modulator in the plate cirenit
of a high-frequency oscillator, such as the General Radio
Unit Oscillators,

Controls: A toggle switch to seleet frequency, an output
control and a power switeh,

Terminals: The output terminals are jack-top binding
posts with standard 34-inch spacing: a ground terminal
is provided, adjacent to one of the output terminals,

T'upe

Power Supply: Unlike most instruments of the Unit line
the power supply is built into the instrument; 115 volts,
10-60 cyeles; power consutnption is about 16 watts,
Accessories Supplied: =pare fuses: the power eord is
integral with the unit.

Tube: One 1ITN7-G'T, which is supplied with the instru
ment,

Mounting: Aluminum panel and sides finizhed in black-
crackle lacquer. Aluminum dust cover finished in clear
laequer.

Dimensions: (Height) 534 x (width) 5 x (depth) 64
inches, over-all, not including power-line connector eord

Net Weight: 414 pounds.

Clade Ward Price

1214-A

PATENT NOTICE. See Note 2, page vi.

| Unit Oscillator (including power supply). .. |

ALLAY

$66.00

TYPE 723 VACUUM-TUBE FORKS

The Tyre 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 frequency makes them use-
ful as sources of timing pulses for oseillo-
grams. An a-c¢ power supply is included. which
may be replaced by batteries, if desired.

SPECIFICATIONS

Frequencies: Two frequencies are available, 400 and
1000 eyveles,

Frequency Stability: The temperature coeflicitent of
frequency is approximately —0.008% per degree Fahren-
heit. The frequeney is entirely independent of load inped-
ance. An initial downward drift of frequeney oceurs as
the temperature 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 coeflicient of frequeney is negligible.
Accuracy: The stabilized frequency is adjusted to within
+ 0,059 of its specified value, at a room ambient of 25°
Centigrade.

Cutput: Approximately 50 milliwatts to a matched load.
Internal Output Impedance: 50, 500, and 5000 ohms.

164 GENERAL

Waveform and Hum Level: The total harmonie content
is less than 0.5° c. The power supply hum is negligible.
Power Supply: 105- to 125-volt, 40- to 6G0-cvele line
Power pack can be removed and batteries substituted for
field use. For battery operation one Burgess 4FI1L (115
volt) and two Burgess Z30NX (45-volt), or equivalent
are required, The ON-OFI° switeh is arranged to contro
the - line or the battery eurrent.
Vacuum Tubes: 1—IAS-GT/G

1—003
The neeessary tubes are supplied.
Accessories Supplied: A line connector cord is supplied.
Mounting: The oscillator u--:':nltll\ i= mounted on s
phenolic panel and is enclosed in @ walnut cahinet,
Dimensions: (Length) 1024 x (widith) 614 x (height
7% inches, over-all,
Net Weight: 914 pounds.

_'."_wn' Frequeney Cade Ward Price
723-C | 1000 cycles | soLID $185.00
723-D | 400 cycles | sULKY 185.00

RADIO COMPANY



OSCILLATORS

TYPE 1211-A UNIT OSCILLATOR

USES: The Typr 1211-A Unit Osecillator is a
compact, inexpensive and well shielded radio-
frequency power source. It can be used with
the Tyre 916-A and Tyee 916-AL R-F
Bridges and the Typr 1601-A VHF 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 ecircuit.
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 capaecitance
1s 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 circuit 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.

> Logarithmic calibration of the main fre-
quency dial, with a slow-motion dial calibra-
ted in frequency increments of approximately
0.29%, per division.

> Carefully shielded mechanism and filtered
power input leads.

> Type 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: =429 at no load.
Frequency Controls: A two position range switch, a
i-inch dial with approximately logarithmice ecalibration
and a slow-motion dial to indicate frequency increments
of 0,29 per dial division.
Output System: The oscillator output is available at a
coaxial connector at the rear of the instrument. An
adjacent ground terminal also permits conneetion by
means of a Typr 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 watts.
Modulation: Direet amplitude modulation over the
audio-frequeney range can be obtained with an external
andio  oseillator. The impedance at the modulator
terminals is about 8000 ohms, and 259, modulation is
obtained with about 45 volts. Under these conditions
envelope distortion is of the order of 39, The audio
source must be eapable of earrying the d-¢ plate current
of the oscillator.

To obtain amplitude modulation at video frequencies
up to 53 Me and modulation free of incidental f-m, the

Tyre 1000-P6 Crystal Diode Modulator can be used at

carrier frequencies above 10 Me,

Circuit: Two-range Hartlev oscillator, coupled directly

to output. Frequeney variation is obtained by simul-

taneously changing the tuning capacitance and the cores

of two tuned-cirenit inductaneces.

Power Supply Reguirements: 300 volts at 50 ma de.
6.0 wvolts at 0.75a ac

or de.

The Typre 1203-A Unit Power Supply is recommended.
Tube: Tyre 5763 Miniature VHI Beamn 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: Tyer 874-R21 Pateh Cord,
Tyre 874-Q2 Adaptor and a multipoint connector.
Accessories Available: Tvyrr 1000-P6 Crystal Diode
Modulator, Tyre 1214-A Unit Oscillator, Tyre 1203-A
Unit Power Supply, Tyer 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 e Price
1211-A | Unit Oscillator® (0.5-50 Mc)... .. = ATLAS l $295.00
1203-A | Unit Power Supply . . ....ooovinint. ALIVE [ 40.00

*PATENT NOTICE,

See Notes 3 and 4, page vi,

GENERAL RADIO COMPANY
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OSCILLATORS

TYPE 1330-A BRIDGE OSCILLATOR

USES: The DBridge Oscillator is a stable,
variable-frequency source of power for bridge
and other measurements 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 T'yre 916-AL Radio-
Frequencey Bridges and the Typr 821-A
Twin-T. At audio frequencies it can be used
with the Type 716-C Capacitance Bridge, the
Typre 667-A Inductance Bridge, and the
Type 561-D Vacuum-Tube Bridge. Its power
output of about one watt is adequate for most
resonant cireuit 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-
chaniecal construction of the Bridge Oscillator
are similar to those used in the Tyrr 1001-A
Standard-Signal Generator (page 142), but a

higher power oscillator tube is used, and the
aperiodic output stage has been omitted.
Tuning capuacitor and inductors are ruggedly
constructed to assure frequency stability, the
oscillator eircuits 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 Typr 371 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.

> Excellent shielding.

> Good frequency stability and low distor-
tion.

1330-A

Oscillator used as a source for

the Type 821-A Twin-T Im-
pedance-measuring circuit,

The Tyee Bridge

GENERAL RADIO COMPANY



OSCILLATORS

View of the oszeillator unit re-
moved from the cabinet. The
servicing cable is shown coiled
in its storage position. This
eable makes possible the opera-
tion of the r-f section when it
Il.‘\' rl"“ll:l\‘(“] ]IF'[!III 1ill.' l‘:l]lnﬂ"

for complete servicing.

SPECIFICATIONS

Frequency Range: Three fixed audio frequencies (power
line frequency, 400 e, and 1000 ¢) and a continuous fre-
queney spectrum from 5 ke to 50 Me in eight direet-
reading ranges as follows: 5 to 13 ke, 15 to 50 ke, 50 to
150 ke, 130 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: =59 for the 400- and 1000-cycle
fixed frequencies, =29 for the earrier frequencies above
150 kiloeyeles, and <437 for the carrier frequencies helow
150 kiloeyeles under no-load conditions. A 50-ohm resis
tive load may eause a frequency shift of as much as +£5%
at some of the lower carrier frequencies; above 150 kilo-
eyeles, the frequeney shift due to a 50-ohm load is usually
less than 19, From 5 kiloeveles to 15 Me, the dial
calibration is logarithmie.

Incremental-Frequency Dial: The slow-motion dial
indicates frequency inerements of 0.1% per division from
5 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 ”‘; watt into a mateh-
ing 50-ohm load; the output at the R-1° jack is controlled
by the R-17 control and supplies adjustable output for the
5 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 30-ohm load (output control at maxi-
mum) 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 80 ohms, depending on frequency, at the
IR-I" jack when the 250-ohm output control is at maximum.
Modulation: The R-F range (15 ke to 50 Me) ean be
il'1|'1'|"l!.'(“}' ;L:ll.!i““l.ll\ modulated at either 400 ¢ or 1000 ¢
at the two modulation levels of approximately 30", and
0%, There is no provision for external modulation.
Envelope Distortion: Less than 6, at the 60%%, modu-
lation level: less than 3% at 30%: modulation,

R-F Distortion: 3¢ ¢ over most of the range; at the lower
radio frequencies it i= about lir;.

A-F Distortion: Approxi.nately 59 at 400 and 1000
eyeles.

Leakage: Stray fields at 1 Me are about 50 uv per meter
at two feet from the oseillator. With the instrument out

T‘r,r ne

of its eabinet, the strayv field may be greater by a factor
of ten.

Controls: A switeh for selecting between AUDIO (LINE,
400 e, or 1000 ¢) and R-F output (CW or MODulated
— )0 e, or 1000 ¢); a switeh for seleeting between TIGH
and LOW modulation:; a voltage divider for eontrolling
the R-I' output; a range switeh; a ealibrated dial and a
vernier dial for .-:t'-iriTl,&_( the radio l‘l'l’:{:lvlt(“\'; i power
switeh.,

Accessories Supplied: Typrr 874-R21 3-foot Coaxial
Cable, Type 874-02 Adaptor, Typre ST4-07 Adaptor.
Tyre TO-44 Adjustment Tool (mounted on r-f shield
cover), spare fuses, and a power cord.

Mounting: Aluminum panel finished in black-erackle
lacquer. Aluminum eabinet is finished in black wrinkle
and is provided with earrying handles. Cabinet ean be
renoved for relay-rack mounting.

Power Supply: 113 (or 230) volts at 40 to 60 eyeles, The
power input is about 30 watts,

Tubes: Supplied with the instrument: Two 6AQS5-type
rubes and one 6X4-tvpe tube,

Terminals: I'vee 874 Coaxial Terminals are provided
for both the AUDIO output and the R-F output,
Dimensions: (Ileight) 71o x (width) 2134 x (depth) 1114
inches, over-all.

Net Weight: 3714 pounds.

AUDIO OSCILLATOR

Code Word Price

1330-A

PATENT NOTICE.

¢ Notes 3, 4, page vi.

| Bridge Oscillator. . .................

ACORN | $525.£-
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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
electronies laboratory and production testing.
They cover frequency ranges of 50 to 250
Me, 65 to 500 Me, and 250 to 920 Me respec-
tively and can deliver 80 to 500 milliwatts of
power. Output terminals arve Typr 874 Coaxial
Connectors for convenient connection to
General Radio measuring equipment as well
as to the wide variety of I'ver 874 Coaxial
Flements. Adaptors on pages 135 138 permit
interconnection with other svstems of coaxial
connecltors,

SIGNAL TYPE 874-MR
INPUT

TYPE B74-R20 |

TYPE 12164
I-F AMPLIFIER

Funetional diagram of the unit oscillator and mixer
rectifier used as a frequency converter.

These oseillators are recommended as power
sources for the Tyer 874-LB Slotted Line,
the Tyre 1601-A V-H-I' Bridee and the Tyri
1602-13 U-H-I" Admittance Meter. In con-
junction with Tyer 871 Coaxial Elements
such as attenuators, rectifiers, 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 a T'yre 87T4-MR Mixer Recti-
fier, the unit oscillators can provide the local
signal in a heterodyne converter, to adapt a
low-frequency eommunications receiver, or an
i-f amplifier such as the Tyre 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-T
Bridee and the Typr 1602-B U-TT-I' Admit-
tance Meter,

The Unit Oseillators ean be used as signal
generators if means are provided to measur
and to attenuate the output. The Tyre 874-
VIR Voltmeter Rectifier, the Typr 874-V]
Voltmeter Indicator and the Typr S74-GA
Adjustable Attenuator are suitable for this
purpose. At frequencies above 300 Me,
Tyer 874-1D50 Adjustable Stub is required as
well, and, at lower [requencies, a T'yer 874
WN Short Circuit Termination. The Typr
S871-LA Adjustable Line should be added to
inerease the output. 1t 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-f 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 carrving the d-c¢ plate current of
the oscillator, Incidental fm inherent in this
system is of the order of 0.019 for 307, am
in the lower part of the tuning range and in-
creases rapidly at the high-frequency end.

[n combination with a Tyre 1000-I6
Crystal Diode Modulator and a Tyre 871-
GA 20-db Fixed Attenuator any unit oscillaton
is a convenient source of television signals
over its entire carrier-frequency range if video
modulating voltage is available. The video
modulating voliage required can be obtained
from a standard television receiver tuned to
a local station. Since the modulator is sepa-
rated from the oscillator by an attenuator
pad, amplitude modulation free from inei-
dental frequency modulation is obtained.

With the Type 1000-’7 Balanced Modu-
lator (page 150), the output of the Unit
Oscillators can be modulated up to 1009 with
sinusoidal or pulse waveforms, and rise times
as short as .02 microseconds ean be obtained.

The Unit Oscillators cover very wide
ranges in that part of the frequeney spectrum
that is beyond the region of conventional
lumped circuit  techniques and below  the
region of lines and ecavities. Oscillators in

FFunetional diagram of the unit oscillator and accessories, connectod to operate as a standard-signal generator.

‘TYPE 874-R20 TYPE 874-GA
PATCH CORD ADJUSTABLE A

TYPE 874-LA
ADJUSTABLE LINE

)
UNIT V

OSCILLATOR
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TYPE 874-DSO
STU

TYPE 874-V1
VOLTMETER

TYPE 874-VR
VOLTMETER RECTIFIER

PATCH CORD

GENERAL RADIO COMPANY



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 Typr 874 Coaxial Connector on
the output end. Coupling to the oscillators
ean be adjusted over a wide range.

Plate and heater power can be furnished
conveniently by the small Type 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 hench
space. All components are mounted on a flal
base easting which carries the supply line
filters on one side and the tuned cireuit 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 coaxial svstems,
Mounting: The oscillator is mounted in an aluminum
easting and is shielded with a spun-aluminum eover, The
assembly is mounted on an L-shaped panel and chassis.
Accessories Supplied: Typr ST4-1120 Pateh Cord,

OSCILLATORS

Funetional diagram of the unit osecillator with video
modulator to form a television signal generator.

the other. The tuned cireuit is enclosed in a
evlindrical shield which carries the output
¢ireuit.

FEATURES: > Wide frequency range.

> Smooth frequeney adjustment.

> Adequately high output over the entire
range.

> Good frequency stability.

> Small warm-up drift.

> Ixtremely versatile when used with the
wide variety of accessories available.

ECIFICATIONS

Tyer 874-C Cable Connector, Tyre S74-1> Panel Con-
nector, and Type CDMS-466-4 Multipoint Connector.
Accessories Available: T'vee 1000-P6 Modulator, Tyew
1000-P7  Balanced Modulator, Tyre 1203-A Power
Supply, Tyee 1204-B Power Supply, Tyee 1214-A
Oscillator, and the Tyre 874 Coaxial Elements such as
:Ill:l|iltil'.~'-, atienuators, voltmeters, luixn‘r, ete.

TYPE 1215-A UNIT OSCILLATOR (50-250 Mc)

The tuning element in this oseillator is a
semi-butterfly circuit, 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 oseillator eircuit consists of a twin-
triode connected in push-pull across the higlh
impedance portions of the tuned cireuit. This
oscillator is similar to the v-h-f oscillator unit
used in the Type 1021-A Standard Signal
Generators deseribed on pages 146 and 147,

SPECIFICATIONS

Frequency Range: 50-250 Me.

Tuned Circuit: A semi-butterfly with no sliding contacts,
Frequency Control: A 6i-inch dial with direct frequeney
calibration over 140 degrees. Slow motion drive, 4:1 ratio,
Frequency Calibration Accuracy: 17 at no load.
Warm-Up Frequency Drift: Approximately 0497,
Qutput Power: At least 80 milliwatts into a 50-ohm
load.

Power Supply Requirements: 370 volts d-c at 25 ma
and 6.3 volts a-¢ or d-¢ at 0.3 ampere. The Type 1203-A
[Tnit Power Supply is recommended.

Tuype Sl B Bl P e
1215-A Unit Oscillator®, 50 to 250 Mc¢
1203-A Unit Power Supply . ... ... ...

FPATENT NOTICE. 8ee Notes 3, 4 and 10, page vi.

GENERAL RADIO COMPANY

Modulation: Direct amplitude modulation over the
audio-frequency range can be obtained with an external
andio oscillavor. The impedance at the modulation
terminals is about 15,000 ohms, A eonvenient audio source
is= the Tyee 1214-A Unit Oscillator, which will deliver
about 55 volts at 400 or 1000 eveles and will yield about
25% modulation.

Tube: Tyrre 12407 mimature twin-triode.
Dimensions: 7 x 8 x 914 inches, over-ull,
Net Weight: 7

Ly pounds.

¥ "ol |_1--ru‘h‘I N Price
........... ADOPT ’ $190.00
............. ALIVE 40.00
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OSCILLATORS

TYPE 1208-A UNIT

The Type 1208-A Unit Oscillator has a
tuned eireuit 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 contaect type.

Frequency Control: 4-inch dial with ealibration over
270°. Slow-motion drive. 614 turns.

Frequency Calibration Accuracy: 429,

Warm-Up Frequency Drift: Approximately 0.57.
Qutput Power: Into 350 £, 100 mmw at any (requency;
500 mw in center of range.

Modulation: Amplitude modulation of 309, at audio

Tupe e
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 Typre 1209-A Unit Oscillator covers a
frequency range from 250 to 920 Mc 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 Tyer 1209-A is similar to the u-h-f
oscillator used in the Tyer 1021-A Standard
Signal Generators described on page 146.

SPECIFI

Frequency Range: 250-920 Me.

Tuned Circuit: Butterfiv, with no sliding contacts,
Frequency Control: 4-inch dial with ecalibration over
270°, Slow-motion drive, 8 turns.

Frequency Calibration Accuracy: -=17.

Warm-Up Frequency Drift: Approximately 0.27.
Output Power: Into 50 &, 200 mw at any frequeney,
Modulation: Amplitude modulation of 307 at audio
frequencies can be produced by an external source of

OSCILLATOR

OSCILLATOR

(65-500 Mc)

CATIONS

frequencies ean be produced by an external source of
40 volts, Input impedanece is about 8000 ohms, The Type
1214-4 Unit Oscillator 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: 2043 Lighthouse triode.
Dimensions: 61{ x 614 x 817 inches, over-all.
Net Weight: 515 pounds.

) (:‘m_h; Ward Pr'f{:;
............ ‘ AMEND $190.00
____________ ALIVE 40.00

(250-920 Mc)

CATIONS

40 volts. Input impedance is about 8000 ohms, The
Tyrr 1214-A Unit Oseillator is recommended.
Power Supply Required: 300 v; 40 ma, de
6.3 v; 0.4 8, ac
Tyrre 1203-A Power Supply is recommended,
Tube: Sylvania Type RT-434 Dise Seal Triode.
Dimensions: 7 x 614 x 914 inches, over-all.
Net Weight: 614 pounds.

Type (ode T‘.'ni‘r_I . Priee
1209-A ] Unit Oscillator,® 250-920 Mc ............ | AMISS $235.00
1203-A Unit Power Supply . . ... ..., ! ALIVE 40.00

*PATENT NOTICE. See Notes 3, 4, and 10, page vi,
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RANDOM-NOMSE GENERATOR
e BehaL

OSCILLATORS

TYPE 1390-A RANDOM-NOISE GENERATOR

[

30 SEO. FIANOE,
oM
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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 systems, inter-
ference tests, noise fieure 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 Typer 1390-A Random
Noise Generator uses a gas-discharge tube as
the noise source. A magnetic field is applied
to the tube to eliminate the oscillations usually
associated with a gas discharge. The noise
output is amplified in a two stage amplifier.
Between the first and second stage the noise
spectrum is 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 Type 700-P1 Voltage
Divider as an output control. (See page 157.)

SPECIFICATIONS

Frequency Ranges: Three handsz of noise as selected
by a switch are provided:

(#) 20 ke: The spectrum level is uniform from 30 ¢ to
20 ke within =1 dbh,

(h) 500 ke: The spectrum level is uniform from 30 ¢
to 500 ke within =3 db.

(e) 5 Me: The spectrum level is uniform from 30 ¢ to
500 ke within %3 db and from 500 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 wvolt output is
approximately as follows:

(a) 20 ke band: 6 millivelts for one-cyvele band.

(h) 500 ke band: 1 millivolt for one-evele hand.

(e) & Me band: 0,5 millivolt for one-cyvele band,
The Tyrr 700-I'1 Voltage Divider (page 157) can be used
with this instrument to provide low output levels. It has
multiplving factors of 0.1, 0.01, 0.001, and 0.0001,
Qutput Impedance: The souree impedance for maxi-
mum output is approximately 800 ohins, The output is
tuken from a 2000-ohm potentiometer. One output
terminal is grounded,
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OSCILLATORS

&p4
NOISE TUBE

LOW PASS

81 FILTERS

Elementary schematic cireuit diagram of the Tyer 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 frequeney spectrum, For the
20-ke range, this distribution is= modified only slightly
by the unavoidable amplitude limitations of a vacuum-
tube amplifier. On the two wide bands, 500-ke and 5-Me,
some dissymmetry, resulting from a eharacteristic of the
ras tube 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 a 10 ; 1 level attenuator,

Terminals: Jack-top binding posts with standard 3{-inch
spacing. The lower terminal is grounded to the panel.
Accessories Supplied: Power cord, spare fuses.

Other Accessories Recommended: Tyre 700-P1
Voltage Divider (page 157), for obtaining low output
IL“"_.[-‘.'-

Mounting: Metal Cabinet. On special order the Tyes
15390-A Random-Noise Generator can be supplied in a

relay rack mounting with the Type 700-P1 Voltage
Divider.
Power Supply: 105 to 125 (or 210 to 230) volts, 50 to
60 cyeles. Total power consumption is about 50 watts.
Tubes: The following tubes are used:
1—6D4 2—6AQS

All tubes are supplied.
Dimensions: (Width) 12 x (height) 714 x (depth) 014
inches, over-all.

Net Weight: 15 pounds.

1—3-4

DECIBELS

Typical Spectrum Level Characteristics for Tyee 1300-A
{andom-Noise Generator.

T e Code 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 waveforms 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 of net-
works and systems, Specifically, it can 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 available 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 basic circuit elements, a
blocking oscillator, monostable multivibrator,
limiter, and cathode follower-phase splitter,
are employed in the design of the Unit Pulser.

The blocking oscillator provides the twelve
basic repetition frequencies and the rapidly
rising voltage used to produce the leading
edge of the pulse. The blocking osecillator tube
can be biased bevond cut-off 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 conducts 1s 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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MULTIPLIER MICROSECONDS

INPUT

oot

UNIT PULSER

OSCILLATORS

OUTPUT PULSE

L

duction 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 synchronizing pulse.

The monostable multivibrator eircuit pro-
dueces 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
output system is a cathode follower, which
may be connected as a phase splitter to permit
fhe 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 is
adequate for most purposes; but under some
conditions it may be desirable to use an

external attenuator, sinee, with an unregu-
lated power supply, line transients will have
some effeet on pulses of small amplitude, and
since a small amount of energy (0.1 volt) is
present at the outputl terminals by capacitive
coupling and is not removed by the amplitude
control.

FEATURES: > Wide range ol pulse durations
and pulse repetition rates.

> Ifast rise time — 0.05 microsecond.

> Pulse duration settings are stable and
accurafte.

> Pulse repetition rate can be stabilized by
an external source, il desired.

> Pulse amplitude is  adequate for use
directly on deflection plates of an osecillo-
scope.

> Internal time delay of {y microsecond
permits leading edge of pulse to be visible on
most oscilloscopes.

SPECIFICATIONS

Pulse Repetition Rates:

30 ¢, 60 e, both synehronized to power line.

100 ¢, 200 ¢, 300 ¢, 1000 e, 2000 ¢, 3000 ¢, 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 gsee. Aceuracy =109 or 0.2 usec, whichever
is greater.

Pulse Shape: Rise time 0.05 usee.
Fall time 0.15 psee. with output terminals
shunted by 15 pul and 1 MQ.

The overshoot may be set to be less than 57 of one-
half maximum amplitude and the top of the pulse is flat
to within 597 of maximum amplitude at all durations.
External Synchronization: 25 volts, r-m-s, is sufficient
for eontinuous locking over the range of 15 ¢ to 100 ke.

Output Impedance: Approximately 200 ohms for
positive pulzes 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
dizplayed on an oscilloscope.

Tubes: 6AIIG, GAKS, 6ANS, 6ALS and two 12AT7.
Accessories Supplied: One multipoint connector, 10 : 1
200) € attenuator.

Power Supply: 300 volts, 55 ma; 6.3 volts, 2 a. Tyer
1203-A Unit Power Supply is recommended,
Dimensions: (Width) 102§ x (height) 534 x (depth) 614
inches, over-all, not including power-line connector cord
Net Weight: 5314 pounds.

T ype Code Word Price
1217-A B POISEr™ couaan vovvmsmmeis s wavs AMASS $195.00
1203-A Unit Power Supply.................. ALIVE 40.00

PATENT NOTICE, Bee Notes 2 and 8, page vi,

GENERAL RADIO COMPANY
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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 conjunc-
tion with the Tyer 1931-A Nodulation
Monitor, the Tyer 1170-B IF-M Monitor or
the Tyre 1183-T TV Monitor, it can be used
to measure these quantities directly in the
output of radio broadeasting transmitters. It
finds many uses in the communications
laboratory and in the production testing of
radio receivers as a wide-range, highly sensi-
tive voltmeter for such measurements as
signal-to-noise ratio, AVC characteristies and
hum level. With the aid of an oscilloscope,
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 frequency is continuously
variable. The null network eliminates the
fundamental of the audio-frequencey signal,
leaving only the distortion products, which
are indicated dirvectly on the panel 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
600-ohm line: and (2) a direct 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 to 45,000 eveles are passed
by the amplifier circuits, so that distortion
measurements can be made on fundamental
Il‘l-ilill'l'lt‘it—".-' up to 15,000 eveles.

> Distortion as low as 0,19 can be measured.
> An auxiliary dbm calibration is provided.
> An oscilloscope connection is provided for
visual observation of the noise or distortion
components.

WEVM  AMPLIFERS
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WAVEFORM

SPECIFICATIONS

Distortion Range: Full-seale deflections for 0.397, 17,
37, 109, or 307 distortion.
Noise Measurement Range: 80 db below reference cali-
bration level, or 80 db below an audio-frequency signal
of zero dbm level, at maximum sensitivity.
Audio-Frequency Range: 50 to 15,000 cycles (funda-
mental), for distortion measurements; 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-olun bridging
input,
Accuracy: For distortion measurements, =59 of full
seale for each range == residual distortion as noted below;
for noise and dbm measurements, =4=5%; of full scale.
Residual Distortion Level:

100-Kilohm Input: 0.059, max., below 7500 e.
[].106__:'}, max., above 7500 e.
0.10%, max., between 50 and 70 e.
0.05%, max., bhetween 70 and

7500 ¢.

0.109, max., above 7500 c.
Residual Noise Level: Less than —80 db.
Input Impedance: 100,000 ohms unbalanced, and 600-
olun bridging input (10,000 ohms), balanced or un-
balanced.
Meter: A large meter with an illuminated scale is pro-
vided, ealibrated in percentage and db. The ballistie
characteristie is similar to that of a vu meter.
Vacuum Tubes: The following tubes are supplied:

Bridging Input:

Accessories Supplied: Line cord, eable for conneecting
to the Tyre 1931-A Modulation Monitor, spare fuses.

Other Accessories Required: For measuring the dis-
tortion in oscillators and other audio-irequency sources
no additional equipment is required. For measurements
on amplifiers, lines, and other communications 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 neecessary. The
Tyer 1031-A Modulation Monitor (page 198) or Tyre
1170-B I'-M Monitor (page 196) and the Tyre 1183-T
TV Monitor (page 194) are recommended, However,
any detector svstem having minimuwn 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 Pleetrie
jack is provided at the panel also, as an auxiliary input
cireuit. Plugging into this jack antomatically dizconneets
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 ean
quantity ean be supplied.
Dimensions: Panel (length) 19 x (height) 7 inches;

be processed in

4—6J5 1—6K6-CT/G 1—6X5GT depth behind panel, 12 inches.
1—6SN7-GT 1—6HG 2—0D3 Net Weight: 3734 pounds.
'.'"IJ”I(:_ B . - - - Corle Word i - Price -
1932-A Distortion and Noise Meter. . .. ... ... TABOO $595.00
FRI-412 Aluminum End Frames. . ... ........| ENDFRAMDIG 10.00 Pair

PATENT NOTICE.

Hee Notes 2, 15, puge vi.

TYPE 1932-P1 A-M DETECTOR UNIT

The Typr 1932-P1 A-M Detector Unit, for
measuring the A-M noise level in F-M trans-
mitters, consists of a linear rectifier and an
-{ filter, with provision for introducing an
audio-frequency calibrating voltage. The de-
tector output, after filtering, is passed through
a standard 75-microsecond de-emphasis circuit
to the Distortion and Noise Meter. The de-
emphasis cireuit can be switched out to give a
flat characteristie, if desired. A microammeter
indicates the diode current.

Provision is made for the use of an external
diode detector to cover ranges of carrier {re-
quency not included in the normal operating
range of the self-contained diode detector.

This feature permits the detector unit to be
used with the Tyee 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-impedanece
linge, 50-220 Me.
Audio Input: 400 cycles; 4 to 8 volts; 1000-ohm input
impedanee,
Audio OQutput:

30-30,000 cyeles =1
characteristie,

1 to 1.5 volts, into 100 k< load.
Diode: 1N34-A Crystal.

Type

db; or 75 psec de-emphasis

1932-P1 | A-M Detector Unit. .. . ...

GENERAL RADIO COMPANY

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: 1 Tyre 874-C8 Cable Connector.
Mounting: Black wrinkle-finish ease.

Dimensions: 5}4 x 6 x 214 inches, over-all.

Net Weight: 114 pounds.

e Code Word Price )
......... | AMDET ] $60.00
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WAVEFORM

TYPE

736-A

WAVE

ANALYZER

USES: T'he wave analvzer 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 harmonie 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 wvacuum-
tube circuits in general; harmonie studies on
electric power systems and electrical ma-
chinery; hum measurement in a-¢ operated
communication ecquipment; 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 Typr
1303-A Two-Signal Audio Generator as u
source.

DESCRIPTION: The Tyrr 736-A Wave Ana-
lyzer is a heterodyne type of vacuum-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 [ixed-frequency
filter,

The output of the local oscillator and the
whole of the complex waveform 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 local oscillator carrier frequency is sup-
pressed in the output because of the two-tube
balanced modulator employed.
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The 50-kiloeyele component 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 direetly.

> Self-contained calibrating systems make it
possible to standardize the voltage and fre-
quency calibrations easily at any time.

5> The input impedance is constant at 1
megohm, but a built-<in 100,000-ohm poten-
tiometer is provided as an alternate input
system where absolute voltage levels need
not be determined.

WAVEFORM

Transmission characteristic of the crystal filter in the
Tyer 736-A Wave Analyzer.

> External magnetic fields cause no trouble
because the balanced 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
t_’l'}'ﬁl:xls,

SPECIFICATIONS

Frequency Range: 20 to 16,000 eveles.
Selectivity: Approximately as shown in plot, above.
The response is down 15 db at 5 eyeles, 30 db at 10 eyveles,
GO dby at 30 eveles from the peak. The selectivity is con-
stant over the frequency range,
Voltage Range: 300 microvaolts to 300 wolts full secale.
The lowest division on the meter corresponds to 10 uv.
The over-all r ge iz divided into four |:t;1jr11‘ ranges:
SO0 pv to 300 mv, 3mvto v, 30 mv to 30 v, 0.3 v o300 v,
liach of these ranges is divided into seven scale ranges;
for example, the 0.3 v to 300 v range has the follow
full-seale ranges: 0.3 v, 1 v,’3 v, 10 v, 30 v, 100 v, 300 v.
A direct-reading decibel seale is also provided.
Voltage Accuracy: Within =57 on all ranges. Spurious
voltages from higher order modulation products intro-
duced by the detector are suppressed by at least 70 db,
Hum is suppressed by at least 75 db,
Input Impedance: One megohm when used for direct
voltage measurements, When used with the input poten-
tiometer it is approximately 100,000 ohins,

T e

Accuracy of Frequency Calibration: (29 41
evelel,
Vacuum Tubes Required:

3—6C6 1—605
2—6K6-GT/G 1—6X5-GT/G
3—06J7 1—6F5-GT/G
1—HBS8 3—NEA4S neon lamps

These are supplied with the instrument.

Power Supply: A-C line, 105 to 125 volts, 40 to 60 eyeles.
A change in the power transformer connection permits
the use of 210 to 250 volts, 40 to 60 eyveles. A voltage-
stabilizing circuit is included. Power input is about 65
wiltis,

Accessories Supplied: Spare neon lamps, spare fuses,
one Tyre 274-N1I Shiclded Connector, and a line connec-
or |‘f'1}‘1'1.

Mounting: Shielded oak cahinet.

Dimensions: (Width) 1914 x (height) 2314 x (depth)
1074 inches, over-all,

Net Weight: 8614 pounds,

Code Waord Price

736-A
PATENT NOTICE.

Bee Note 2, page vi,

_WaveAnalyzer..........._.....

T— ASKEW

$1075.00

For other audio-frequency analyzers, see pages 16 to 20.
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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 oseillograph 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 Tyrr
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-AE 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 Tyrr 651-All provides speeds
from about 25 feet per second up to approxi-
mately 100 feet per second.

The large central driving sprocket and a
hottom take-up reel are driven by separate
motors in the Typr 651-AF. The torque

characteristics 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 filkm or paper with standard perfora-
tions ean be run. Daylight loading and unloading with
negligible waste.

Tyrre 651-All: When motors wre operated at the
gpecified 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 mugst be purchased separately. A lens
of aperture /1.5 and 2-inch foeal length in an adjustable

mounting that permits focusing for distances between 8
and 100 inches iz awvailable, assembled with mounting
plate to fit the recorder. (Bee 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 P35 or P11 phoesphor, should be
used for best results. ;

Reels: Specially made reels for loading and takeup are
supplied. Capacity of reels, 100 fect.
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Drive System:

Tyrr 6531-AF: Both the film-drive sprocket and the
take-up reel are driven by universal (a-c¢ or d-¢) motors.
The film speed is varied by applyving voltages between
65 and 200 volts to these motors,

Tyre 651-A11: 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 electrie governor
controls the sprocket shaft speed.

Speed Control: When 115-volt or 230-volt, 50- to 60-
eyele serviee is available, a Tyre V-3IIMT or Type V-511

WAVEFORM

Starting Characteristics:

Tyre 651-AL: 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 631-AH: Full speed is attained in from 10 to
40 feet.

Accessories Supplied: A line connector cord.

Dimensions and Weight:

Variae may be used to vary the voltage applied to the _1.":”"'_| Length  Width  Height  Net Weight
motors, For d-e service, resistance methods of voltage 651-AE | 12 inches 113‘1 'Il':"z 32 pounds
control must he used. 631-AH 12 inches 8 1614 303 pounds
?i{h ) - f'n_a le Word = Price o
*651-AE Oscillograph Recorder. ........... DINER $600.00%
*651-AH Oscillograph Recorder. ........... 8l DRYAD 650.00*
651-P5 | Lens Assembly, f/1.5x2.0"......... DIARY 165.00

*Without lens,
PATENT NOTICE.

See Note 6, page vi.

TYPE 830-R WAVE

USES: The Tyrr 830-R Wave Tilter is a
sharply-tuned band-pass unit which can be
used to eliminate harmonies from distorted
wavelorms, for isolation of a 1000-cycle com-
ponent of a complex waveform, and to elimi-
nate spurious-frequency voltages from a 1000-
eycele measuring system.

DESCRIPTION: This band-pass filter is sharply
tuned for minimum attenuation at 1000 cveles
and maximum attenuation at the second
harmonic frequency, 2000 cycles. The input
and output coils of this unit are tapped so
that the filter ecan be used with different
terminating impedances.

FEATURES: > Low attenuation at 1000 eycles.
> Sharp cut-ofl with maximum attenuation at
second harmonie.

FILTER

> 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: See accompanyving curve.
Voltage Limit: Voltages up to 3 volts at any frequeney
may be applied to the 500-ohim input or 10 volts at the
5000-ohm  input  without significantly  altering the
response curves. At higher voltage levels, slight shifts in
the frequeney of the attenuation peaks may be expected.
Terminals: Soldering lugs.
Dimensions: (Ieight) 414 x (width)
4 inches overall.

Net Weight: 314 pounds.

3% x (depth)
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Type Cut-Off Frequeney fﬂf‘d—ruirr - Code Word Price
‘5000 or 5000 to
830-R 1000 r.ycles-(S0,000, 5000, 500 or: | Band Pass | FILTERROTE $42.00
500
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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 111})ul
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 respeet to time, providing an exposure
index for color photography with electronic
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-¢
amplifier to indicate the rectified voltage was
introduced in 1937, Advantages of this
arrangement are wide frequency range, high
inherent stability, a convenient ecireuit for
obtaining a multi-range meter, and a cali-
bration substantially independent of tube
characteristies. Voltmeters of this type are
now used in every conceivable type of
.l])])lii’.lii(!ll This tvpe of circuit is the basis
of both the Inj,,hl\ -prec |-!> \\!11{‘-(15'111‘11“!]{‘\-
range Type 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 compared on these
two pages.

The first megohmmeter was introduced in
1936 and applied the degenerative vacuum-
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tube d-¢ meter to the conventional ohmmeter
circuit. In this application the degenerative
circuit not only gives stability and linearity,
but permits a large voltage swing to take
place in the grid ecireunit of the tube and
greatly increases the effective input resistance
u-snltm;.: from grid current. The Tyre 18G2-A
Megohmmeter, using this cireuit, 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 outpul power meter of this kind
was introduced in 1929 and was followed by
the Typr 583-A Output Power Meter com-
bining the oxide rectifier meter with a resistive
load and a tapped transformer, providing s
sensitive audio-frequency power meter for
load resistances varying over a range of
8000 to 1. A larger model, the Typr 783-A
measures power up to 100 watts.

VOLTMETER CHARACTERISTICS

An important group of mefers comprises
the a-c¢ voltmeters intended for use up through
the radio-frequency range. These are the
Tyres 1800-A and 1803-A  line-operated
Vacuum-Tube Voltmeters. In addition there
is the combination of the Tyrr S74-VR
Voltmeter Rectifier and the Tyrr 874-VI
Voltmeter Indicator deseribed in the Coaxial
IFlements section of the catalog. It is useful to
compare these instruments in regard to uppe:
frequency limit, input resistance and capaci-
tance, mmmn_v and voltage range and
finally the response to different types of
waveforms,

Figure 1 gives the frequency at which reso-
nance in the diode input cireuit introduces an
error of 10 per cent, and shows curves for the
corresponding reduction in the input resisi-

Fréone 1.
Curves of input parallel re-
sistance of different General
Radio voltmeters. The fre
quency at which resonance
in the input ecirenit in
troduces a 109, error is
given at the botiom of the

figure.

RADIO COMPANY



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 oceurs 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
beyond 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 is 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 Typg
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
Tyre 1800-A and the Typr 1803-A measure
from 0.1 to 150 volts directly. 10 : 1 ratio
multipliers, Tyee 1800-P3 for low frequencies

METERS

TYPE 1803-A

TYPE 1800-A - WITH MULT.

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. Exceptl 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 I
Voltmeter Input Capacitance with and without
IExternal Multipliers
Inpud Capacitance

h Q 3 f : ; . Meter (ppal)
and Type 1800-P2 for high frequencies are  TiroTs03a — 0
available for the Tyrr 1800-A Voltmeter, Tyre 1800-A-P3 (resistive multiplier) 10
These multipliers extend the range of the Type 1800-A with probe cap and plug 4.3
instrument to 1500 volts. The Tyrr 874-VIR, :{:‘i‘ﬁ {:gx“{ ;"'1‘,‘,“’(“" 1""’."‘.‘" 7 .“1]1_13 B
- - . . YPE 180U-A- 2 ApAac e 2
VI combination deseribed on pages 128 and with cap rapaciiive: multiptes) 2.0
129 is intended for voltage measurements in Type 1800-A -4 P2 without cap 1.5
CLASSIFICATION OF METERS
Nominal See
Tupe Name Quantity Measured Range Aeceuracy Power Supply FPage
1800-A | Vacuum-Tube Voltmeter | Volts, A-C or D-C ' 1-150% A-C Line 182
1803-A | Vacuum-Tube Voltmeter A-C Volts | 0.1-150 +3Y% " A-C Line 184
874-VR | Crystal Voltmeter A-C-Volts ).1-2 +39, A-C Line for | 128
H74-V1 Calibration
1862-A | Megohmmeter Megohms 5-2,000,000 +3Y A-C Line 186
A83-A | Output Power Meter Power 1 mw-o w =+0.5 db None I 188
Impedance 2.5-20,000 @ +7 %
783-A | Ourput Power Meter Power 2 mw-100 w +0.25 db None 189
Impedance 2.5-20,000 o
546-C" | Mierovolter Voltage D pv-1 v =357 Audio Oscillator 190
1501-A | Light Meter Light 50-12,800 lumen- Batteries 191
seconds per
square foot

Multipliers are available to extend range to 1500 volts,

GENERAL RA
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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 ean 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
Type 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 ealibrated in r-m-s values of
approximately sinusoidal voltages, the volt-
meter can be used, except on the lowest volt-
age ranges, to determine the peak value of
a complex voltage wave.

=G INFUT

DESCRIPTION: The high-frequency probe con-
tains an acorn-type diode rectifier connected
by very short leads to the input capacitor,
which is a small button-type unit mounted
on a low-loss insulating disc. Ixeept for the
small area of this insulation at the front, the
probe is completely shielded. A metal cap
serews 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-¢ amplifier
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 onc
triode, and a diode, which serves only to
balance the effect of the initial-velocity cur-
rent in the rectifying diode, is connected to
the control grid of the second triode. De-
generation is obtained by conneecting another
twin triode in the cathode cirenit of the ampli-
fier. The indicating meter is connected in
series with precision resistors between the
cathodes of the amplifving twin triodes. The
change from one voltage range to another is
made by changing the value of this series
resistance.

FEATURES: > Iligh input impedance.

> Mirror-type scale.

> Accurate measurements at frequencies uj
to several hundred megacycles 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.

> xeellent low-frequency response.

» Calibration is substantially independent of
tube characteristics,

» The three highest a-¢ scales are practically
linear, and there is sufficient overlapping of
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METERS

the various ranges so that all readings can be
made well up on the secale,

> One zero adjustment control serves for all
ranges, and resetting is not required from
range Lo range.

> A regulated power supply eliminates flue-
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 Tyre 874 Coaxial Connector is supplied
for the probe.

> A 50-2 coaxial resistance is supplied.

»> Handle detents into position at right angles

-1
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VOLTAGE APPLIED
VOLTACE MO AT LD

Plots showing ratio of applied voltage to indieated

i 3 v . . *1 < 3] « o i . s . M . N
Lo ]_"”““l to torm support with [).lﬂ(] at 30° to voltage as a function of frequeney for various values of
horizontal. indicated voltage, taken with eap on but plug removed.

SPECIFICATIONS

Voltage Range: 0.1 to 150 volts, ae, in six ranges introduce errors in the meter reading. The resonance
(0.5, 1.5, 5, 15, 50, and 150 volis, full seale): 0,01 to 150 effcet causes the meter to read high and is independent
volts, de, in six ranges (0.5, 1.5, 5, 15, 50, and 150 volts, of the applied voltage. The transit-time error is a fune
full seale). tion of the applied voltage and causes the meter to read

low. The accompanying curves give the frequency
correction for zeveral different voltage levels, It will be
noted that at low voltages the transit-ti

Multipliers: Multipliers are available for inereasing the

range 500 volts, See page 185.
imnge to 1500 volts, See page 185 A reIG A As

Accuracy: DC, 27 of full scale; AC, %29 of full effects tend to cancel, while at higher voltages the error
seale for sinusoidal voltages, subject to frequency correc- is almost entirely due to resonance. The resonant fre-
tion (sce curve). Because of the change in resistance of quency with cap on but plug removed is about 1050 Me,
the moter movement, the sensitivity of the lowest two T!li; voltmeter may be used at frequencies as low ax
ranges  changes slightly  with temperature and upon 20 cyeles with a frequency error of less than 29,

warming up of the instrument. The total warm-up
deercase in sensitivity is about 197 of the indicated value
on the La-volt range and 3 to 49, of the indieated value
on the 0.5-volt range. About one-half of this drift oceurs
in the first hour. The ealibration is set to be correet after
complete warm-up.

Waveform Error: On the higher a-c voltage ranges, the
instrument. 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-mi-s value

may be as large as the percentage of harmonies present. - >= 5 -
On the lowest range the instrument approaches r-m-s Pow?'r Sur{ply. 105 ':1 l"_" or (210 'm 250) wvolts,
20 to 60 cyeles. The instrument incorporates a

operation. :""l iy A 1 i
. . . . voltage regulntor to compensate for supply variations
Frequency Error: At high frequencies, resonance in the ; v

o e q \ fis over this voltage range. The power input is less than
imput cireuit and transit-time effects in the diode rectifier 25 watts ’ :

Input Impedance: At low frequencies the equivalent
parallel resistance of the a-¢ input cireuit is 25 megohms.
At higher frequencies this resistance is reduced by losses
in the shunt capacitanece. The equivalent parallel eapaci-
tance at radio frequenecies is 3.1 puf with the probe eap
and plug removed. At audio frequencies this eapacitance
increases 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-e ranges two values of input resistance are
provided, 10 mggohms and open grid.

-4 x 5 it ; ,\ ; Tubes: 2—9005 1—G6SL7-GT
View of j:!'(}l_ll." for Type 1500-A \_:u'lmm- I'ube Voltmeter 1—GRUT-GTY 1—6ATOG
partly  disassembled. In the foreground are shown 1—G6(4 1—6X5-GT

aeeessories supplied with the instrument. 1—3-4 200

The tubes are supplied with the instrument.
Accessories Supplied: A line conncctor cord, spare
fuses, Tyre 274 and Type S74 terminations, and 50-ohm
coaxial terminating resistor for probe.

Mounting: Black crackle finish aluminum panel
mounted in a shiclded walnut cabinet. The cable and
probe are stored in the cabinet, The carrying handle
can be set as a convenient support for the instrument
when placed on a bench with the panel tilted back.
Dimensions: (Width) 734 x (depth) 7% x (height) 1114
inches, over-all.

Net Weight: 13%4 pounds.
Type Code Ward

Price

1800-A | Vacuum-Tube Voltmeter .. ..........| DUCAT | $395.00
PATENT NOTICE. See Notes 2, 3, and 4, page vi.
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TYPE 1803-A VACUUM-TUBE VOLTMETER

USES: The Tyre 1803-A Vacuum-Tube Volt-
meter is a high-quality, low-priced, a-¢
operated voltmeter for measuring a-c¢ volt-
ages between 0.1 volt and 150 volts at fre-

quencies up to about 100 megacyeles, It is an
extremely uselul instrument in the electronics
laboratory, where most of the measurements
to be made do not require the greater fre-
quency range and extra features 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
is used to reetify the a-¢ voltage under
measurement, The other balances the effect
of the initial veloeity eurrent of the first. The
d-¢ amplifier uses a twin triode in a degenera-
tive, balanced cireuit, A-C power supply is
built in, and the entire assembly is housed in a
aabinet of heavyv-gauge aluminum,

FEATURES: » Meter is large and easily read.
> Provision is made for storing the probe on
the side of the cabinet. When probe is thus
mounted, voltages to be measured can be
connected directly to its terminals.

> Probe is completely shielded to eliminate
the effect 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 150 volts, ae, in five ranges
(1.5, 5, 15, 50, and 150 volts, full seale).

Accuracy: 37 of full scale on all ranges, for sinusoidal
voltages, subject to frequency correction above 50 mega-
eveles. Correction eurve supplied in instruetion book (see
accompanyving plot),

Waveform Error: The instrument is peak responding
and indieates r-m-s value of a sine wave or 0.707 times
peak value of n complex wave, On distorted waveforms
the pereentage deviation of the reading from the r-m-s
value may be as great as the percentage of harmonics
present.

Frequency Error: The accompanving plot gives the
frequency correetion for several different voltage levels.
At low voltages the transit-tim
tend to eancel, while at higher voltages the error is almost

and resonance effects

entirely due to resonance. The resonant frequency is
about 410 Me.

At low 1tl-qllollvi:-r~ the response 111'11;)_4 off because of
the increasing reactance of the series t':l;-:u'it:ﬂn'r- of the
input cireuit. At 20 eyeles per second the drop is 29 or
l".“.‘\.

Input Impedance: The equivalent a-¢ input eireuit is
a resistance in parallel with a capacitance. At low fre-
quencies the equivalent parallel resistance iz 7.7 meg-
ohms. At high frequencies this resistance is reduced by
losses in the shunt capacitance. The equivalent ;'Iﬁ’f‘-‘l]i(’l

capaecitance at radio frequencies is 10 guf. At audio fre-
queneies the capacitance inereases to 115 puf. The plot
on page 180 gives the high-frequeney variation of Rp.
Accessories Supplied: One Tyre 274-MB Double Plug;
2 color-coded test leads; 2 test prods; 2 alligator elips.
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60
eveles. The power input is about L1 watts,
Tubes: 1—0ALD I—6SUT-GTY
All are supplied,
Dimensions of Cabinet: (Width) 714 x (depth) 67%{ ¢ x
(height) 1134 inches, over-all. Probe in storage position
adds 1 inch to width,

Net Weight: 914 pounds

1—6X5-GT

Ratio of applied voltage to indicated voltage versus
frequency for various values of indicated wvoltage.

Code Word Price

184

| Vacuum-Tube Voltmeter. . ..........|

| $155.00

ABOOM
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MULTIPLIERS
FOR TYPE 1800-A VACUUM-TUBE VOLTMETER

TY PE

This multiplier extends the a-e¢ voltage
range of the Tyrr 1800-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
o its length.

SPECIFICATIONS
Multiplication Ratio: 10:1 -£57,, as received. An
adjustment is provided to permit the user to mateh the
multiplier to his Tyer 1800-A Voltmeter to better than
419 accuracy.
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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: liquivalent input resistance of
voltmeter-multiplier combination is approximately 100
times that of voltmeter alone.

Equivalent parallel eapacitance is 1.5 puf with the
probe cap and plug removed. The latter add approxi-
mately 0.5 upf.

Dimensions: (Length) 224 x (dimmeter) 124 inches,
over-all.
Net Weight: 4 cunces.

Type Code Word  Price
1800-P2 | Multiplier.. . ......... | amobe | $18.00

TYPE 1800-P3 LOW-FREQUENCY MULTIPLIER

GENERAL
CAMBRIOGT

This multiplier extends the range of the
Typr 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 Tyrr 1800-P3 Low-Frequency Multi-
plier is not intended for use at frequencies
above 100 ke. For frequencies above this
value the Type 1800-P2 Multiplier should
be used.

SPECIFICATIONS

D-C Multiplication Ratio: 10 :1 #=1.5%,.
Sine-Wave A-C Multiplication Ratio: 10:1 =57,
1= furnished, from 20 eyeles to 10 kiloeycles.
Frequency Characteristic: Adjustments are provided
ro permit the user to mateh the multiplier exactly to his
[yre 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 frequency error will be less
than 3% from 20 eyeles to 20 kiloeyeles, and less than
+5% up to 100 kiloeycles.

The multiplier is not recommended for use above 100

kiloeyeles unless adjusted for use at a fixed frequency.
Waveform: Lrrors in multiplication ratio may be as
lurge as the percentage distortion of the signal,

Input Impedance: 10 megohms shunted by 10 ppf.
Dimensions: 5 x 2 x 2 inches, over-all.

Net Weight: 8 ounces.

Type

Code IT-"(Ei_' _ Price
1800-P3 | Multiplier. ...........

ApHOR | $35.00
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MULTIPLIER

TYPE 1862-A MEGOHMMETER

USES: The Type 186G2-A Megohmmeter is a
rugged a-c operated instrument that indicates
directly on a meter resistance values up to
two million megohms, The voltage across the
unknown is constant at 500 volts, a value
widely accepted as standard for insulation-
I'G’D\'i.‘él ance measurements.

As a consequence, though useful in the more
obvious application of measuring common re-
sistors in the megohm range, the Typer 1862-A
Megohmmeter is especially suited for measur-
ing leakage 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
indicator 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.
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> Test leads are furnished.
> Can be used with an external variable volt-

METERS

age source to measure voltage coellicient of
resistance.

SPECIFICATIONS

Range: 0.5 megohm to 2,000,000 megohms, There are
six decade ranges, as selected by a multiplier switeh,
Scale: Each resistance decade up to 300,000 megohims
utilizes 907 of the meter seale. Center-seale values are
1, 10, 100, 1000, 10,000 and 100,000 megohms.
Accuracy: The aceur: in per cent of indieated value
up to 50,000 megohms is 23", at the low-resistance end
of cach de creasing to =120, at the high-resistance
end. There ean be an additional 2
decade.

Voltage on Unknown: The voltage applied to the un-
known resistor is 300 volts, Over a 105125 volt range in

=

wde

2% error aver the top

supplyv-line voltage and over the resistance range of the
instrument, the variation in voltage across the unknown
resistor will be less than =42, . At resistance values below
0.5 megohm, the applied voltage drops te limit the cur-
rent to safe values.

Terminals: In addition to terminals for connecting the
unknown, ground and guard terminals are provided. At
two positions of the panel switeh, all voltage i= removed
from all terminals to permit eonnection of the unknown
in safety. In one of the positions, the UNKNOWN
terminals are shunted to discharge the ecapaecitive com-
ponent of the unknown, All but the ground terminal are
insulated.

Calibration Check: A
standardizing the ealibr
Design: Since ficld applications are more severe than

awiteh ]umfiilu! 15 ]ll"'\'i'il"l for

on,

Tupe

laboratory use, the instrument, including its panel meter
was designed to be unusually rugeged, The currving case
can be completely closed; accessory power eable and test
leads are earried in the cuse. Controls are simplified for
uze by untrained personnel.

Tubes: Supplied with the instrument:

1 — 12A07 1 —2X32-A
1 —O0B2 1 —6C4
1— 6X4 | —6ATUG

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-crackie lacquer and is mounted
in an aluminum eabinet with black-wrinkle finish and
with black-phenolic protective sides. The aluminum-
cover finish iz black wrinkle, The ease is provided with a
carrving handle.
Power Supply: 115 (or 230) volts at 40 to 60 eyvecles.
The power input is approximately 25 watts.
Accessories Supplied: Twao color-coded test leads with
phone tips, two insulated probes, two alligator elips and
a Tyre 274-MB Plug.
Dimensions: (Height) 104" x (width) 914" x (depth)
1124", over-all,
Net Weight: 1514 pounds,

Code Word Price

1862-A

' Megohmmeter. .. ..........

JUROR | $225.00

U

MULTIPLIER

The Tvyre 5H4-B Megohm Bridge, a bridge-type instrument for resistance measure-
[ ments in the megohm range, is described on page 78.

GENERAL RADIO COMPANY
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METERS

TYPE 583-A
OUTPUT-POWER
METER

USES: The output-power meter reads directly
the amount of audio-frequency power that a
source is eapable of delivering into any desired
load. Thus the effect of load impedance on
power delivered ean be easily measured, and
the characteristic impedance of telephone
lines, phonograph pickups, oscillators, and
similar equipment can 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 : I and the impedance range S000 : 1.
> All readings can be made directly and
quickly,

> Considerable overloads, for short periods
of time. can be handled by the rectifier-type
voltmeter used as the indicating element.

SPECIFICATIONS

Power Range: 0.1 to 5000 milliwatts in four ranges (3,
50, 500, 5000 milliwatts, full seale). The copper-oxide
meter 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 +37 decibels above 1 milliwatt.,

Impedance Range: 2.5 to 20,000 ohms. Forty discrete
impedances, distributed approximately logarithmieally,
are obtained by means of a ten-step OHMS dial and a
four-step MULTIPLIER.

Accuracy: The aceuracy of both power and impedance
measurements varies with frequency. The maximum
error in full-seale power reading does not exceed 0.5
deecibel between 150 and 2500 :-_\'1'1|-.-i, nor does it exceed
1.5 decibels at 20 and 10,000 eveles, The average error
is 0.3 deeibel at 30 and 5000 eycles, and 0.6 decibel at
20 und 10,000 eyeles,

The maximum error in impedance does not exceed 7%
between 130 and 3000 eyeles, nor does it exceed 507, at
20 and 10,000 eyeles. The average error is 8% at 30 and
5000 cyeles and 209 at 20 und 10,000 eveles.
Waveform Error: The indicating instrument used is a
copper-oxide rectifier-type meter, calibrated in r-m-s

Type

583-A
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values for a sinusoidal applied voltage. When non-
sinusoidal voltages are applied, an error in indication
ean oceur, sinee the meter i3 not a true r-m-s indicating
deviee, The error will depend on the magnitude and
phase of the harmonies present, but with waveforms
normally encountered in communications work, will not
be serious.

Mounting: The instrument is mounted on an aluminum
panel in a walnut cabinet.

Dimensions: (Length) 10 x (width) 7 x (height) 6
inches, over-all,

Net Weight: 514 pounds.

VARIABLE RATIO
TRANSFORMER

ADJUSTING

HETWORK

Code H'm_‘d' firfi'

$145.00

ABUSE
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METERS

TYPE 783-A OUTPUT-POWER METER

USES: The Tyre 783-A Output-Power Meter
is a direct-reading instrument for measuring
the power output of audio-frequency cireuits.

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 characteristies 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: IMunctionally 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 directly
in watts dissipated in the load.

FEATURES: > A power range extending to
100 watts is provided by this meter.

> I'requency and impedance characteristics
are improved over those of the smaller T'yew
583-A Output-Power Meter.

> The auxiliary decibel scale is a convenience
for many types ol measurements.

SPECIFICATIONS

Power Range: 0.2 milliwatt to 100 watts in five ranges
(10 and 100 milliwatts, 1, 10 and 100 watts, full scale).
An auxiliary decibel seale on the meter reads from —10
to 10 decibels ahove a reference level of 1 milliwatt.
With the multiplier the total range is — 10 to 4350 deei-
bels above 1 milliwate,

Impedance Range: 2.5 to 20,000 ohms. Forty discrete
impedances, distributed approximately logarithimically,
are obtained by means of a ten-step OHMS dial and a
four-step MULTIPLIER.

Impedance Accuracy: The input impedance is within
427 of the indieated value, except at the higher audio
frequencies, where the error for the higher impedance
settings may exceed this value. At 15,000 eyeles the input
impedanee error is about 53¢ E for impedances from 10,000
to 20,000 ohms.

Power Accuracy: The indicated power is accurate to
#4:0.25 db at full-seale reading. At the lowest impedanee
multiplier setting (2.5 to 20 ohims) there may be an addi-
tional error of 0.2 db due to switch econtact 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 eyeles to 10,000
eveles; within £0.75 db to 15,000 eycles.

Waveform Error: The indicating instrument used is a
copper-oxide rectifier meter, ealibrated in r-m-s values
for a sinusoidal applied voltage. When non-sinusoidal
voltages are applied, an error in indication can occur,

Type

since the meter is not a true r-m-s indieating deviee. The
crror will depend on the magnitude and phase of the
harmonies present, but, with waveforms normally en-
countered in measurement circuits at communications
frequencies, will not be serious,

Temperature and Humidity Effects: ITumidity 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 neminal ealibration error, particularly at
the higher frequencies,

The instrument is so designed that the heat dissipated
by the instrument itselfl has a negligible effect on the
accuracy.

Mounting: The instrument is mounted on a phenolic
panel in a walnut eabinet.

Dimensions: S x 18 x 7 inches, over-all.

Net Weight: 17 pounds,

(8 'H_f le _”. .‘o red

783-A

| Output-Power Meter. .. .. |

Price

$350.00

ABBLEY |
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METERS

TYPE 546-C AUDIO-FREQUENCY MICROVOLTER

USES: The Tyrre 546-C Audio-Irequency
Microvolter used in conjunction with an
oscillator is a useful source of small, known,
audio-frequency voltages. In measuring the
response of amplifiers, transformers, and other
audio equipment, such a source of known in-
put voltage is extremely valuable. The micro-

volter ean 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-
teristic, extending from very low frequencies
up to 100,000 cycles, is available in this
instrument.

> lixcellent accuracy 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 cirenit, when the input voltage is set to the stand-
ardized reference value.

Accuracy: IFor open-circuit output voltages the calibra-
tion is aceurate within £(39% - 0.5 microvolt) for out-
put settings above 1 microvolt and for all frequencies
between 20 and 20,000 eycles. For higher frequencies up
to 100 ke the ealibration is aceurate within £59 for
output settings above 100 microvolts. These specifica-
tions apply only where waveform and temperature errors
are negligible (see below).

In ealeulating ratios of output voltages, at a given
frequeney, the aceuraey of any given reading ecan be
considered to be within 2=(29% <+ 0.5 microvolt), at
frequencies up to 100,000 eyveles, At frequencies above
20 ke this accurncy applies only at levels above 100
microvolts,

The microvolter can be used on de by using an external
d-c meter or by ealibrating the internal meter for de.
Qutput Impedance: The output impedance is approxi-
mately 600 ohms and is constant with setting within
+5%. This impedance is sufficiently low so that no
correction on the output voliage is necessary for load
impedances of the order of 100,000 ohms and greater.
Input Impedance: Approximately 600 ohms, substan-
tially independent of output setting on all but the highest
multiplier position,

Waveform Error: The accuracy of the microvolier as
a calibrated attenuator or voltage divider is il':{[{'pvnd:"nt
of waveform. The absolute accuracy of the output voltage
calibration depends on the characteristies of the input
copper-oxide rectifier voltmeter, which has a small wave-
form error that depends in turn on both the phase and

Tupe

546-C
*Reg. U. 8. Pat. Off.
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the magnitude of harmoniecs present in the input. This
error in the voltmeter ean, in general, be neglected when
the microvolter is used with ordinary laboratory oscil-
lators. The rectifier-type voltmeter itseli introduces some
distortion unless the source impedance is very low. With

a 600-ohm sourece the distortion introduced is about 0.29.

Temperature Error: The accuraey of the ealibration is
imndependent of temperature when the microvolter is used
as an attenuator or voltage divider. The absolute aceu-
racy is affected slightly by temperature because of change
in the voltmeter charaeteristies, The necessary correction
for temperatures from 65° to 95° Fahrenheit is furnished
with the instrument. The effects of humidity are negligible.
Power Source: The driving oscillator must be capable of
furnishing about 2.2 volts across 600 ohms, or about 8
milliwatts,

Terminals: Jack-top binding posts are mounted on
standard 24-inch spacing.

Mounting: The instrument is mounted on an aluminum
panel in a shielded walnut eabinet.
Dimensions: (Length) 10 x (width)
inches, over-all.

Net Weight: 614 pounds.

716x (height) 614

CONTINUOUSLY VARIABLE

===

WA AW
|

STEPPED ATTENUATORS

Caode Ward Price

$125.00

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.” 1t 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 camera
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 effectivencss 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. T'his current charges the eapacitor,
and the voltage across the capacitor is pro-
portional to the integral of light with respect

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, ene of which can be rotated
90° with respect to the other. The attenuator
has two scales, 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-scale range of 200. The scale is direct
reading when the light attenuator is set at
1 (J/3.5). 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 seale.

> 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.

SPECIFICATIONS

Light Range: A light range of 64 : 1 can be measured at
mid-seale deflection, corresponding to 100 to 6400 lamen-
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 114,

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 eapacitor at a specified voltage. A diffusion dise
and apertureareindividually fitted to each meter to stand-
ardize the reading.

Spectral Characteristics: The phototube has maxi-

Type I —
1501-A Light Meter. .. .. ..........
1501-P1 7] T O ——————— -

PATENT NOTICE. Sece Note 6, page vi,

mum sensitivity in the blue-green portion of the visible
spectrum.

Response Speed: IFor reliable results the flash should
be 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
eabinet earries a tripod socket.

Dimensions: (Width) 7 x (height) 614 x (length) 11
inches, over-all.

Net Weight: S1{ pounds.

- Code Word Price
........ COCOA $205.00
—— DANDY 26.50
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RADIO STATION MONITORS

Radio transmitting stations engaged in various
broadeasting services are required by regulations of
the Federal Communications 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,
automatie, continuously indicating instruments were
made available by General Radio.

Frequency Moniters: The function of the frequency
monitor is to indieate the deviation of the transmitter
frequency from its assigned 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 offset from that of the
assigned channel, The deviation indieator is calibrated
directly in eveles (or kiloeyeles) off ehannel.

Medulatien Meniter: ’creentage modulation for A-M
transmitters is measured by a system in which the
modulated signal from the transmitter is reetified in a
linear diode rectifier to produce an a-¢ voltage pro-
portional to the instantancous value of the carrier
envelope and a d-c voltage proportional to the average
carrier amplitude, The effective ratio of the voltages
is continuously indieated by a voltmeter whose seale
is calibrated in modulation percentage. A limit eireuit
ig also included which flashes a lamp whenever the
modulation exceeds a predetermined percentage.

Standard Broadeast Band: [for the standard broadeast
frequencies, 540 to 1550 kiloeyeles, the Tyes 1181-A

Frequeney Deviation Monitor (page 193) and the
Tyee 1931-A Modulation Monitor (page 198) are
used. These instruments, which operate on the prin-
ciples outlined above are fully desceribed on the pages
indicated.

F-M Broadcast: I'or I'-M service, the frequency and
modulation monitors are combined in a single in-
strument. While portions of the svstems used are
basieally the saime as with a-m monitoring, the circuits
are considerably more complex, partly because of the
higher frequencies involved and partly beeause of the
stringent performanee specifientions that F-M moni-
itors must meet. Operating prineiples of this monitor
are thoroughly deseribed on page 196,

Television: The Typi 11831 Television Station
Monitor provides continuous indication of center-
frequency deviation for both 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-I and u-h-{ channel allocation, either
offset or non-offset. Three units make up the 1183-T
assembly, Le., the 1170-BT F-M Aural Transmitter
Monitor, the 1171-AT Visual Transmitter Frequeney
Monitor, and the 1176-AT Frequency Deviation
Meter.

The 1183-T is described on pages 194 and 195.

Mobile F-M Transmitters: ['or this service, FCC regu-
lations do not require station monitors, but the speci-
fieations on center frequency and frequency deviation
make necessary their frequent measurement and ad-
justment. quipment recommended for this purpose
consists of the Typer 1110-A Interpolating Frequeney
Standard and the Type 720-A or Tyre 620-A Heter-
odyne Frequency Meter, which arve deseribed in the
Frequency Measurements seetion of this catalog, on
pages 215, 220, and 218.

OTHER BROADCASTING STATION MEASUREMENTS

Distertion: The I'CC Standards of Good Iingineering
Practice speeify maximum permissible percentage of
distortion for various broadeast services. The Typr
1932-A Distortion and Noise Meter (page 174) and
the Tyre 1301-A Low Distortion Oseillator (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
Typre 1170-B (or BT) F-M Monitor. The test tone is
supplied by the oscillator,

A-M Noise in F-M Transmitters: A convenient self-
calibrating A-M  Detector, the Tyre 1932-P1 (see
page 175) ean be used with the Distortion and Noise
Meter to measure A-M noige level in F-M trans-
mitters,

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 Type 016-AL R-F Bridge. .. 96
400 ke-60 Me Tyre 916-A R-F Bridge.... 96

10-165 Me
50 Me-1500 Me

Tyrr 1601-A V-H-F Bridge. 100

Tyre 1602-B  Admittance
Meter, oo, 102

300 Mc-3000 Me ‘I'yee 874-LB Slotted Line.. 123
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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 broadcast 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 Typr 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, if 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 piczo-electrie oscillator (frequency
f 4 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 eveles (AS) are indicated di-
rectly as the frequency deviation of the trans-
mitter in cycles.

The monitor is a-c¢ operated and is mounted
on a single relay-rack panel.

FEATURES: » Simple to install—easy to main-
tain.

> High 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 cireuit operation.

> Iixternal deviation-indicating meter can be
connected.

SPECIFICATIONS

Deviation Range: +30 eyveles, readable to one eyele.
Carrier Frequency Range: 500 to 2000 ke.
Accuracy: When received, within 410 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
normal operating conditions, Adjustments are provided
to correct the indicated frequeney in terms of standard-
frequeney transmissions whenever necessary.
Vacuum Tubes: The following tubes are required and
supplied with the instrument:
F—68J7-GT

1—5V4-G

Coupling to Transmitter: A few inches of wire serving
as an antenna is usually sufficient. A minimum of 10
millivolts is rmmirvli into a llir-,_'i|-i1|:p(-¢.l:nll'l' grid eireuit.
Accessories Supplied: Quartz plate, line eonnecetor
cord, spare fuses, and plug for connecting an external
meter.

Power Supply: 105 to 123 (or 210 to 230 volts), 50 to
GO exeles.

Power Input: 25 watts for heater eircuits, 100 watts
for monitor eireuits,

Mounting: 19-inch relay-rack panel,

Panel Finish: Standard General Radio bluck erackle,
Certain standard finishes which ean be processed in quan-

2—0ACT 1—G6B4-G tity ean also be supplied.
2—il16 1—0C3/VIRR105 Dimensions: Pancl (length) 19 x (height) 153{ inches.
2—(3Q7-GT 1—2050 Depth behind panel, 13 inches.
1—6V6 Net Weight: 51 pounds.
'.1.1;_;»- Code Waord .Hrl'-:'r
1181-A | Frequency Deviation Monitor. . ... | MALAY | $775.00

PATENT NOTICE. S8ee Notes 2, 5, 13, 16, page vi, When ordering please give channel frequeney,

GENERAL RADIO COMPANY
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MONITORS

TYPE 1183-T T-V STATION MONITOR

USES: The Type 1183-T is an integrated
monitoring system for television transmitters.
It provides continuous indication of fre-
quency deviation of the aural transmitter in
terms of a highly stable master erystal, 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 ave 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 requirements of
the IFCC for television services, including
those for offset operation.

DESCRIPTION: The complete monitor consists
of the following units:
1170-BT — FM monitor (sce pages 196,
197).
1171-AT — Visual Transmitter
Frequency 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 crystal 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-
criminator. The d-¢ output of the diserimin-
ator is used to operate the center-frequency
indicator. The a-¢ output, amplified and
filtered, operates the modulation indicators
and is available at two output circuits: a
100,000 € eireuit for distortion and noise
measurements and a 600 Q circuit for audio
monitoring,.

A harmonie of the master erystal oscillator
in the Type 1170-BT is fed to the Typre
1171-AT where it is multiplied up to the same
harmonic used in the Tyrr 1170-BT and
mixed with the amplitude-modulated visual-
transmitter carrier 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 TFrequency Deviation Meter.
This audio-frequency meter, the counter-
type, indicates visual transmitter carrier-
frequency deviation,

SPECIFICATIONS

Transmitter Frequency Range: Covers any channel
frequency assigned (ehannels 2 to 83, including offsets if
required, with appropriate r-f tuning units).

R-F Input Impedance: High impedance, channels 2 to
13, with eapacitive attenuator for adjusting input level.
Low impedunce in u-h-f range with adjustable-coupling-
loop input. The monitor ean be used with standard
RTMA transmitter-monitoring output with Tyee 874
Coaxial Connectors supplied, for both aural and visual
transmitter connections,

Input Sensitivity: For both aural and visual 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
Inmps also indieate normal input levels.

Image Frequency Check: A checking deviee is incor-
porated in the Tyre 1171-AT Visual Trunsmitter Fre-
queney Monitor to insure that the transmitter frequency
is on the correct side of zero beat with respect to the i-f
eryvstal frequency.

Intermediate Frequency: 150 ke for the aural-
transmitter monitor, with zero offset, 140 ke for —10-ke
offset and 100 ke for +10-ke offset. For the wvisual-
transmitter monitor, the intermediate frequencies are
4.35 me for zero offset operation, 4.34 me for +10-ke
offset and 4.36 me for —10-ke offset. The visual i-f signal
beats with the fundamental of a piczo-electrie oscillator
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in the Tyre 1171-AT to produce a nominal 1.750-ke beat
note which is fed to the Tyee 1176-AT Frequeney Devia-
tion Meter.
Discriminators: Pulse-counter type diseriminators are
used in both the aural ¢ ] visual transmitter monitors.
Crystal Oscnllatom \i ister ¢
v Tyre 1170-B on page 196. The
oscillator in the Vizual

vstal oscillutor specifiea-

tions are gi

v at its fundamental
30-day drift of a few

. Therefore its maximm
('_\'r'h-.- is not detectable the deviation-meter seale of
Lo-0--+1.5 ke, Vernier adjustment is provided to
correct for long-term drift,
Aural Transmitter Center Frequency:
Indication: Meter is ealibrated in 200-exvele divisions
|I:I|l'|-.

from 6 ke to +06 ke tor all television ¢

lI.

eading and no second

ervsial is required for thas
Accuracy: Crystal frequency when monitor i= re-
ceived is within =2 ppm (0.000295) of specified channel

o=,

frequeney. Cryvstal frequeney can be varied £25 ppm.
Crystal Oscillator Stability: See Tyrn 1170-B IF-M
Monitor speeiflieations on page 196,
Over-all Stability: = (!
for 30 days. The

meter error. Henee the 10 day stability i

i == 2(0) s, OF l.pr!v'
=0 eps reéepresents metering

ciremit 3
(0.5 ppm -+ 200) eps,
Visual Transmitter Center Frequency:
Indication: Meter is ealibrated in S0-eyele divisions
from 1.5 ke to 4+ 1.5 ke for all echannels. The center
bund of =1 ke (transmitter tolerancee) is printed in
lli:‘.-'l\: the outer 0 p|\<
Accuracy: Th
of the Aurn

siimmaation oi
tter Monitor cr
erystal o tor of the Tyex 117
er Monitor, and the
G=-AT Frequeney Deviat
estlting from the last two items

accuracy

ACeuricey

etering eireul
m Meter. The

is less than

== Jl\l]l“ (70 eveles per 30 days) |
Ovcr all Stability: or a 30-day period the over-all
100 eyveles), and

12 better than =£(0.5 jn

stability is better than +=(1.5 ppm

1V per ,-rul, -t.\}-,

), parts |;.|--'

million referring to the carrier

30
Irequency
Intercarner S(.[)'!l‘c'ltlﬂn‘ When vis

transmitters are adj

i I'E aurnl

isted to show zero 101 on

I}I W '. nil!‘l meters, 1h| Il'|i1 1er seg .l[.‘lliusll i\ lu'} me

300 eveles (30-day stability).
Aural Transmitter Percentage Modulation: Meter

is calibrated from 0 to 1339, with an additional db seale,

Switeh =elects v or negative peaks or full-wave

ilation corresj mds

(peak to peak
ke devis n. Meter
e Aceuraey is 3% n i
Overmodulatlon Indicator: ( \-- al transmitter) Lamp
flashes when predetermined modulation level,
dial, is exceeded, Range of dial i= 0 to 1209, modulation,
Aural Transmitter Monitor Output Circuits:

1. Distortion and Noise Measurements: Terminals
are provided for connecting a Type 1032-A Distortion
and Noise Meter, A gnin control i id

Residual Distortion: Less than 0.19% for 25-ke
deviation.

Response: 50 to 30,000 eps 1!
de-cmphasis network is included.

Maximum Output: 1.5 volts into 100,000 ohns.

s meet 1'CC Il‘|[i1i7(“

O,

as =et on

4 db, Standard 75 usce

Tupe
1183-T1

1183-T2
1183-T3

When ordering state channe! frequency and offsel.

PATENT NOTICE, 8ee Notes 1,2,3. 4, 5,11, 15 and 16, page «

TV Monitor (Channels 2—6}—.. T Ty
TV Monitor (Channels 7-13). . .. ....covv..
TV Monitor (Channels 14-83)..............

MONITORS

TYPE 11I70-BT F-M MONITOR

=

1176-AT FREQUENCY DEVIATION METER

Residual Noise Level: —70 db or better for 25-ke
deviation.

Sensitivity: Full outy
t-ke deviation, Sensi

quency m aceor

wit can be obtained down to
v varies with modulation fre-
standard  de-emphasis

Ly
we  with

eristies,

char
2, Audio Monitoring Output:
Impedance: 600 ohims, unbalaneed,
QOutput: 12 dbm at 25-ke deviation,
Response: 50 to 15,000 cps, =14
Remote IndlcatorS' Cirenits and ter

vided for conne ! ing ind

inals are pro-

5 externally:
cquency Indicator

4 |'| sreentage Modulation Meter
dulation Indieator L

tter Over

\I s nl l' ansmitter Center-frequency Indicator
Accessories Supplied: All tubes, coaxial connectors for
, extension meter plug, spare

r-f inputs, power-line cords
i le links for erystal oven, and necessary

luses, spare
interconnecting eables,
Power Supply: 105 to 125
G0 exeles. Total rated §
Panel Finish: =t
Inequer. Certain sts
be furnished.
Mounting: Standar
shielded unit enclosures

Dimensions: Width Height D pth

I 19-<ineh relay rack panel with

Tyre L1T0-BT Unit | 19 in. 2614 in. 1344 in.
Tyree 1171-AT Unit 14 7 114
Tyre 1176-AT Unit 19 5y 1144
Over-all 19 35ls 134
Weight: Tyre 1170-BT, 88 pounds; Tyre 1171-AT, 31
Tyre 1176-A"T, 1914
Cade Word Price

$2830.00
2830.00
2905.00

]-l:tl!ui.‘-' ].nu:p[-"

ATTIC
AUDIT
AUGER
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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-frequency and percentage

modulation (frequency deviation) of f-m
fransmitters. It also furnishes a high-fidelity
output for measuring distortion and noise, and
a 600-ohm output for andio monitoring. The
monitor is designed to operate at frequencies
between 30 and 900 megacveles, covering
both the f-m broadeasting bands and the fre-
quencies used for aural transmitters in tele-
vision broadeasting. It meets the requirements
of the Federal Communications Commission
for these services,

The Typr 1170-B is used to monitor the
center-frequency  of transmitters used for
F-M broadeasting. A modified version, the
Tyer 1170-BT, is supplied as part of the
Tyer 1183-T Television Station Monitor
(see pages 194, 195). The specifications for
the Tyer 1170-BT are the same as the Typg
1170-B specifications which follow, except
as noted on the facing page.

SPECIFICATIONS FOR TYPE

Transmitter Frequency Range: S8 to 108 Me.

R-F Input Impedance: [ligh impedance. A capacitive
attenuator is provided for adjusting the input level. A
Tyre 874 Coaxial Conneector is provided at the input.
The monitor ean be used with standard RTMA trans-
mitter monitoring output,

196

DESCRIPTION: The accompanyving block dia-
gram shows the functional operation of the
monitor. A harmonie of a standard-frequency
oscillator beats with the transmitter frequency
to produce a nominal intermediate frequency
of 150 ke plus or minus the transmitter (re-
quency deviations. This signal is then passed
through amplifiers and limiters which change
the waveform to steep, square-topped pulses
of constunt amplitude, which are applied to a
counter-type discriminator. The d-¢ output
of the diseriminator 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 cireuits: a 100,000-ohm eircuit for dis-
tortion and noise measurements and a 600-
ohm circuit for audio monitoring,

FEATURES: » The use of a low intermediate
frequency and a counter-type discriminator
results in a high degree of stability, so that a
continuous indication of center frequency is
achieved without reference to a second ervstal
for setting zero,

> Highly stable erystal oscillator.

> Because the counter-type discriminator is
inherently linear, accurate center-frequency
indications are obtained even 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 circuit.
> Residual noise level is down at least 75 db
referred to =75 ke deviation.

> Modulation meter reads positive, negative,
or peak-to-peak, as selected by a switeh.

> Overmodulation lamp flashes when modu-
lation exceeds level as set by a dial,

> R-IF sensitivity 1= 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 indicators.
> 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 indicating 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



Discriminator: Pulse-counter tvpe, linear to better
than 0.19; over a range of =100 ke,
Center Frequency:

Indication: Meter is calibrated in 100-cyvele divi-
3000 to +3000 eveles per second. No zero

HECeSSAry frr[‘ (‘.’lt'ii I'v:u].in;: and no M'r-lrmi erysl al is

sionsz from
set i
required for this purpose.

Accuracy: Crystal frequency, when monitor is re-
eeived, is within =2 parts per million of specified channel

frequeney. Center-frequeney reading is adjustable over
+3000-cyvele range to b

ring monitor into agreement with
frequency-measuring  service. Center-frequeney  indiea-
tion then is aceurate to 4200 eveles.

Stability: 41.5 parts per million, =200 eyeles or
better, over-all, for at least 30 davs.

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) indiecation.
1009, modulation corresponds to 475 ke deviation.
Meter ballisties meet FCC requirements,

Accuracy: 5", modulation.

Overmodulation Indicator: Lamp flashes when pre-
determined modulation level, as set on a dial, is exceeded.
Range of dial is 0 to 1209, modulation,

Output Circuits:

1. Distortion and Noise Measurements: Terminals
are provided for connecting a Tyee 1932 Distortion and
Noise Meter, and a gain control is provided.

Residual Distortion: Less than 0.295 at 100-ke
deviation,

Response: 50 to 30,000 eveles per second =15 db.
Standard 75 miserosecond de-emphasis eireuit is in-
cluded.

Maximum Output: L5 voltsinto 100,000 ohms,

Tupe

MONITORS

Residual Noise Level: —75 db or better referred
to 75 ke deviation.

Sensitivity: Full output ean be obtained down to L6 ke
deviation, Sensitivity varies with modulation frequency

in accordance with standard de-emphasis characteristies.
2. Audio Monitoring Qutput:
Impedance: GOO ohms, unbalaneed.
Output: Zero dbm at 75 ke deviation,
Response: 30 to 15,000 eveles per second <14
Crystal Oscillator: General Radio high-stability eireuit.
. Tem-

Crystal is temperature-controlled at (60 5=0,15

Oh or tl'.“-“

perature eoefficient of crystal is 2 parts per 1
per degree C. ('rystal oscillator output level can be read
on panel meter by pressing a push-hutton switch.

Remote Indicators: Cirenits and ter
vided for connecting the following exter

inals are pro-

al indieators;

Center-frequency indieator
Percentage-modulation meter
Over-modulation lamp
600-olin unbalaneed & i1l monitor
Accessories Supplied: All tubes, coaxial connector for
r-f input power line connection cord, spare fuses, ex-

tension meter plug,

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60
cyveles, Rated power input 300 watts,

Mounting: 19-inch relay-rack panel. Shielding eabinet
1-L‘l'|’||.‘h‘|l'|:1l_\' installed in rack allows CAsY removal of

monitor for inspection and maintenance.

Panel Finish: Stundard General Radio black erackle
laequer. Certain standard transmitter finishes ean also
be furnished.

Dimensions: Panel, 19 x 2614 inches, depth behind
panel, 1314 inches, over-all.

Net Weight: 98 pounds

Code Ward Price

1170-B

SPECIFICATIONS FOR TYPE

l_ F-M Monitor (for F-M Broadcast Service).....

AH) $1835.00

AHEAD |

11T770-BT F-M MONITOR

(SUPPLIED AS PART OF THE TYPE 1183-T TELLEVISION STATION MOXNITOR)

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: Iigh impedance, 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, page vi.

R-F SECTION

FREQUENCY
MULTIPLIERS (i150ke 2 A1)
(X OFFSETI*
R=-F QUTPUT

{I70-8T)

O 71T

CALIBRATION
CONTROL

GENERAL

500 milliwatts, or less, channels 14-83.

Intermediate Frequency: 150 ke, 140 ke, or 160 ke
depending upon carrier offset.

Center Frequency Indication: Meter seale is ecali-
brated in 200-evele divisions from —6 ke to -6 ke.
Percentage Modulation Indication: 100% modula-
tion corresponds to 2225 ke deviation.

Residual Noise Level:
425 ke deviation,

70 db or better referred to

I=F SECTION

FREQUENCY
DISCRIM-
INATOR

QUTPUT FOR
FILTER o DISTORTION
MEASUREMENT
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MONITORS

CARFIER

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 Tyre
1931-A Modulation Monitor performs the
following speeific functions:

1. Measurement of percentage of modula-
tion on either positive or negative peaks.
Overmodulation indication.
Program-level monitoring,

Measurement of carrier shift when mod-
ulation is applied.
Meansurement of transmitter audio-fre-
quency response.

DESCRIPTION: Tyrz 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 13 a d-¢ meter, which
indicates the carrier level at which the instru-
ment is operating and also shows any carrier
shift during modulation.

E:;:

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 civeuit, gives a
faithful reproduction of the carrier envelope
with less than 0.19;, distortion and can be
used for distortion and noise-level measure-
nments.

FEATURES: > Speed and simplicity of opera-
tion, essential for monitoring instruments,
are available in this instrument. It operates
over a wide carrier-irequency range, and a
tuned input cireuit 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 frequency 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 cireuits are so designed that
the indication is unalfected by moderate
changes in carrier amplitude,

> Terminals ave provided so that remote per-
centage modulation indicators ean be con-
nected to the instrument externally,

> I'CC Approval No. 1555 has been issued
for this monitor.
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MONITORS

SPECIFICATIONS

Range: Modulation percentage, 0 to 11077, indieated by
meter on positive peaks, 0 to 10077 on negative peaks.
The Aashi unp i adjustable to operate from 0 to
1007 on ne

itive peaks.

Carrier-Frequency Range: The monitor will operate

r 0.5 to 60 i

at any cuarrer !'::>-||1\-::-'_'.' fron

single set of ecoils (either 0.5 to 8 megaeveles or 3 to 60

megacveles) is supplied with each instrument, unless
both sets are \iln'f‘E{il':l‘:]\' ordered.
Carrier-Frequency Input Impedance: About
ohims in the broadeast band, inereasing slightly at higher
carrier frequenecies and varving somewhat with input
tuning,.
Accuracy: The over-all accuraey of measurement at 400
eyeles is 429 of full scale at 07 and 10075, and 4=4%
of full seale nt any other modulation percentage,
Detector Linearity: The distortion in the diode detector
is very low for frequencies up to 7500 eyveles. Above this
frequeney, a small amount of negative peak elipping
oceurs, reaching 5% at the extreme high end of the
andio range at 15,000 eveles and 10075 modulation,
R-F Power: In the broadeast range the maximum r-f
power requirement is about 0.5 watt,
Vacuum Tubes: The following tubes are used:

) 1—2050
2—0D3
I —6X5GT
Warning Lamp Circuit: The OVERMODULATION
lamp will flash whenever the negative modulation peaks
{f the MODULATION PEAKS dial
i for audio fr
widio freq cles,
ed to flash the

I—6ALS

exceed the se

by approximately modula
between 30 and 7500 eye
the percent

lamp inere

The accuracy
:f,. of full scale.

Meter Circuit: The response of the PERCENTAGE
MODULATION meter eireuit 1s Hat, within 20,25 b,

Tuype

1931-A
1931-A

Modulation Mor_\i!or, 0.5t0 8 Mc......
Modulation Monitor, 3 to 60 Mc. . . . ..

between 50 and 15,000 eyeles, and within 0.1 db be-
100 and 10,000 eyeles.

twoeen

Fither pe ve or negative modulation peaks may be
read. Calibration in db below 1009; modulation is pro-
vided.

The meter dynamie charaeteristic meets FCC specifi-

cations for modulation monitors.
Audio Monitoring Output: The audio output ampli-
fier is flat, within 1.0 db, from 30 to 435,000 cyveles, The
internal impedance is 600 ohms. Distortion is les< than
0.2, Open-cirenit output voltage is about 300 millivolts,
Fidelity-Measuring Output: Flat within 1.0 db
between 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 MODIT-
LATION PEAKS dial, thus providing reasonably uni-
form input to distortion meter at all modulation levels.
Average output level, approximately 1.5 volts.

Residual noise and hum level will not exceed —80 db,
Auxiliary OQutput: A multipoint connector at the rear
of the instrument provides a meansz of connecting:

1. A remote Percentage Modulation Meter.

2. To a 600-ohm output for audio monitoring,.

3. The Tyre 1932-A Distortion and Noise Meter.
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to

GO eyveles. Power input iz approximately 50 watts,

Accessories Supplied: ! line con-
I, spare fuses

t connector,

necLor cor

(Speciiy .’".'1>c|:11-r-.r‘_\ rat lesired).
Mounting: The

Iind frames are

rument 1s

for tahl
available for table 1

list below,)
Panel Finishes: Standard General Radio black erackle.

vs which can be processed in quan-

Certain standard g
tity can also be sup
Dimensions: Panel (length) 19 x (height) 834 inches.
Depth behind panel, 101

Net Weight: 3234 pounds.

chies.

Code Waord Price

IR B $440.00

TARRY 'I
TOPIC 440.00

1931-P5 16.50
16.50

12.00 Pair

Extra Tuning Coils, 0.5 to 8 Mc . ... ..
1931-Pé Extra Tuning Coils,3 to 60 Mc .. .... .|
FRI-512 End Frames . ...............

PATENT NOTICE. Seec Notes 1, 11, 15, page vi.

TABBY
TOTEM
ENDFRAMEGG

ELEMENTARY SCH HAGRAM

DADOE RECTIFN
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FREQUENCY AND TIME

The determination of frequency directly in
terms of time is a fundamental measurement,
since frequency is the lime rate of recurrence
of a eyclical phenomenon. A primary standard
of [requency is, therefore, deflined as one
whose [requency is determined dirvectly in
terms of time. A .\'rf‘:mrf'f.':‘_r_.’ standard is one
whose frequency is determined by comparison
with a primary standard, or by comparison
with other sccondary standards, some one of
which was originally compared with a primary
standard.

[t 15 to be noted that the above classifica-
tions of frequency standards have nothing to
do with the accuracies of the standards. In
fact the same standard is logically elassed as
a primary standard il checked directly against
time, and as a 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 il_\' astronomical observations is not
assumed by the individuals desiring a primary
standard of [requeney. The time determina-
tions are r-;u'l‘it-ui ot in_\' observatories espe-
f'i::ﬂl\' w{tl‘lppml 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

STANDARD
TIME INTERWA

MULTIVIBRATOR
0.l Ke
VIBRATOR
I Ke

CRO
COMPARISON

IN CYCLES PER SECOND

POWER
Y
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100 Ke
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o
i
|

I
I_
[

|

|
=
1

1
=
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|
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I
-
1

1

|

1

|

|
L

mits high-precision time signals by radio
through the facilities of the U. S. Naval Radio
Service. Transmissions on several frequencies
are available several times a day and can be
received nearly all over the world. A similar
serviee is provided in Canada by the Dominion
Observatory.

The user of a primary frequency standard
can then conveniently determine the fre-
quency of the standard in terms of the stand-
ard time interval sent to him by radio. In the
General Radio equipment means are provided
for quickly and easily making this comparison.
For the most precise results, the errors of the
transmitted time signal must be taken into
account. Correction data may be obtained by
applying to the Superintendent, U, 8. Naval
Observatory, Washington, D. C.

Since 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 are checked in the
same way as the former’s astronomical cloeks,
the comparison with time is, in effect, carried
out by the observatory. The standard fre-
quency transmissions sent out by the Bureau
of Standards consequently represent a pri-
mary standard of high precision available to
all who can receive the transmissions. Where
such transmissions can be received, it is
generally more convenient and much quicker
to make the comparison by frequency 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, D. C.

A calibration against transmitted radio fre-
quencies vields o psewdo-instantaneous 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.

Because of the vagaries of high frequency
transmission, many users rely on checks
aga‘nst time as a reserve, They also use the
primary standard as a high-precision clock for
laboratory timing purposes.

Ficure 1. Block diagram  showing the funectional

arrangement of the Tyre 1100-AP Primary Frequency

Standard and the range of output frequencies available
from it.
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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 1s necessary to divide the fre-
quency to obtain a value such that a svn-
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 {requency
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 fae-
tors of 10 to obtain multivibrator fundamental
frequencies of 10, I, and 0.1 ke. A fourth
multivibrator operating at a fundamental fre-
quency of 100 ke, provides a large number of
harmonies at 100 ke intervals for use at high
radio frequencies. Ilarmonics 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) Trequency Standard is indi-
cated in Figure 1. Complete specifications are
given on pages 204 to 200,

This frequeney standard is the result of
many years of continuous development in the

Frgure 2. View of the Tyrr 1190-A Quartz Bar used in

Tyee 1100-A Frequencev Standard, with cover removed,
showing the spring suspension.

FREQUENCY

Freure 3.
electric oscillator used in the Typer 1100-A Frequency
Standards.

Flementary cireuit of the hridge-tvpe piezo-
3 Vpe |

General Radio laboratories. The quartz bar
(and mounting), the oscillator circuit, and the
temperature-control system 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 yvear’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 mounfing in such a manner
as Lo introduce a minimum of damping. 1<lec-
trodes are formed direetly on the surfaces of
the quartz. The cross-seetional 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 system 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. I Clapp, General Radio Experimenter,
August 1944,

A bridge-type oscillator circuit is used,
shown in schematic form in IFigure 3. In this
circuit, the crystal vibrates at its series reso-
nant frequency and the amplitude of osecilla-
tion is constant. For an analysis of the circuit,
see J. I Clapp, “A Bridge-Controlled Oseil-
lator,” General Radio Icperimenier, 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
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Ficere 4. This diagram shows the relation between an
unknown frequency and a standard harmonie series.

undesirable to make two tyvpes 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 syncron-
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 Tyre 1213-A Unit Crystal
Oseillator has been developed. 1t 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-
speetively. The small size of the Typi 1213-A,
its low cost, and good stability (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 frequency
against standard frequency radio transmis-
sions assures an acceurate standard at mini-
mum cost. Complete specifications of the
Unit Crystal Oscillator are given on page 217.

FREQUENCY MEASUREMENT

The next step, after establishing a series of
standard [requencies embracing a portion of
the frequency spectrum in which measure-
ments of frequency are to be made, is to eval-
uate any unknown frequency in terms ol one
of the standard frequencies. Any unknown
frequency will lie between two of the standard-
frequency harmonics 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 is 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, (I'igure 4) a convenient method con-
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PHONES OR
BEAT INDICATOR

If1Gune 5. Funetional diagram showing the operation of

the direct-beating method of fl't'qllt“llt:}' nieasurement.

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 ol this method is that a
narrow-band receiver ¢an be used when fre-
quencies of remote {ransmitters must be
measured in the presence of interference or
noise. In severe cases of noise, a heterodyne
frequency meter can be matched to the de-
sired Irequency, 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 cheek on the presence or ab-
sence of interference or noise.

By using the heterodyne frequency meter
any desired frequency can be set up and can
be measured or monitored in terms of the
standard. The equipment thus not only pro-
vides a means for measuring frequencies, but
also provides for generating accurately known
frequencies.

The Tyre 1105-A Trequency Measuring
Equipment is an assembly of the necessary
instruments for measuring unknown fre-
quencies in  terms of standard-frequency
harmonies obtained from the Type 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. For
a complete description, sce 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 frequency and accuracy ranges. The

RADIO COMPANY



simplest of these is the time-honored resonant-
circwit 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-
curacies, and resonance indicators are de-
seribed in detail on pages 223 and 224,

The heterodyne frequeney 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 Tyrr 620-A, deseribed
on page 218, contains a one-megacyele ervstal
calibrator which makes possible frequency
measurements 1o an aceuracy of 0.019.. The
Tyrer 720-A (page 220) is a 0.19 instrument
for use up to 3000 megacyeles. The diveet-
reading dials on these instruments make
rapid measurements possible.

The T'ype 1110-A Interpolating Frequency
Standard, page 215, 15 4 new type of nstru-
ment  designed  particularly  for use with
heterodyne frequency meters to extend ac-
curate frequency measurements up to 2000 or
3000 megacyeles. This instrument 1s essen-
tially o crystal-controlled frequeney standard
variable over the range from 1000 to 1010
kiloeyeles. Figure 6 1s 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 frequency over

FREQUENCY

the 1000- to 1010-ke range. The oulput fre-
quency controls two multivibrator units,
which generate 100-ke and 1-Me harmonies
for use as accurate cheek points in the funda-
mental {requency ranges of the Tyer 620-A
and the Tyrr 720-A Heterodyne Frequency
Meters, respectively.

Since the range of control frequency is just
one per cent, the frequencies of all the har-
monies of the multivibrators can also be
varied over a range of one per cent. IFor the
100th harmonic the total range of adjustment
is from 100 to 101 Me for the 1-Me multivi-
brator 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 1 Me, so that continuous coverage is oh-
tained. Thus any point on the dials of the
Tyrus 620-A and 720-A I'requency Meters
can be accurately calibrated. For measure-
ment of frequencies above the range of the
dials on the Frequeney Meters indicated, har-
monies of the Frequencey Meter are used. The
aceuracy ol measurements made with the
Tyres 620-A and 720-A Heterodyne Fre-
quency Meters is improved by using the
Tyre 1110-A Interpolating requency Stand-
ard, to better than 25 parts per million.

AUDIO FREQUENCIES

TFor the direct measurement of audio fre-
quencies, the T'yre 1176-A Frequeney Meter,
a direct-indicating device for measuring fre-
quencies up to 60 ke is used. It is deseribed
on page 222 of this catalog.

Fravre 6. Bloek diagram showing the funetional arrangement of the Tyee 1110-A Interpolating Frequeney Standard.
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TYPE 1100-A FREQUENCY STANDARDS

The Tyrr 1100-A Frequeney Standards are
highly precise standards of frequency, operat-
ing on the principles outlined on pages 194
and 195, T'wo models are available, the Typr
1100-AP Primary Standard and the Tyree
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  (synchronous motor clock)
for evaluating its frequency directly in terms
of standard time. The secondary standard
has no syneronometer. All other specifica-
tions are identical with those for the primary
standard.

ITarmonic 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 descriptions of the
individual units are given on the following
page, and complete specifications on page 200.

A specially designed assembly of frequency
measuring equipment  for use with these
standards is described on pages 207 to 209.

Genernl Radio Frequency Standards are
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
Irequency  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
laboratories and radio manufacturing plants
should use the primary standard whenever

204
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STANOARD

Close-up view of the Type 1100-AP Primary Frequency
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 bench or table, a bench-type rack can
be supplied, if specified in the order.
the requirements make it advisable to have
an independent check against time.

For many 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 stundard, 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 Bureau
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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 cireuit and construction will gladly
be supplied upon request. Specifications and
prices are listed on page 206.

TYPE 1103-A SYNCRONOMETER

This panel includes a 1000-cycle synchronous motor
for effectively counting the number of eyeles exceuted
by the standard plezo-clectrie oscillator in a standard
time interval. A large, illuminated, 24-hour dial with a
long sweep hand makes for easy visibility, A microdiul
contactor, operating once each second, and calibrated
in hundredths of a second, is provided for comparison
with time signals. The microdial mechanism ean
be phaged by means of a panel control. Comparison
of the svneronometer reading 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 started 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 eircuits of the {em-
perature-control system of the Tyre 1101-A Diezo-
Eleetrie Oseillator. Concentric shielded 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 accessible from the rear,
without removal of any dust covers. The four multi-
vibrators are mounted on the rear panel, which is
removable without disconnecting any wiring. Mount-
ing spacers and servieing eable 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 with a Tyer 1190-A Quartz
Bar, which is mounted in the temperature-control
unit, loeated at the left behind the panel. The
temperature is controlled by a compensated thermo-
stat cireuit and is maintained within 0.01° C for all
ordinary ambient temperatures. The oscillator eireuit
assembly is mounted at the right behind the panel.
All tubes are accessible 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 photo)

A floor-type cabinet rack is supplied to house the
complete frequency standard unless a bench-type rack

GENERAL RADIO COMPANY

is specifically ordered. When the Typre 1105-A Fre-
quency Measuring Equipment is ordered with the
standard, the complete assembly iz 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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SPECIFICATIONS

Frequency Range: Standard frequencies ranging from
one pulse per second to frequencies of several megaeyeles
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 Type 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 megaeycles.

From l-ke multivibrator, 1 ke and its harmonies in
the audio-frequency range.

From 100-cyele multivibrator, 100 eyeles and its har-
monies in the lower audio range.

I'rom the syneronometer unit, one-second contaetor.
The time of oceurrence of the contact may be phased
to oceur at any instant over a range of one second.

This contact is open for about 50 and closed for 950
milliseconds,

If a suitable high-frequency receiver iz used to detect
them, 100-ke harmonies up to 75 or more megacycles can
be utilized directly. For work at higher frequencies, har-
monies of an auxiliary oscillator whose fundamental is
monitored against the standard at a lower frequency can
be used.

QOutput Voltage: The harmonic outputs of the 100 and
10 ke are at low impedance (65 ohms). The r-m-s volt-
ages, measured at the terminals of the frequency stand-
ard, across 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 ohmns). The r-m-s voltages measured at
the terminal strip of the standard, across a 10,000-ohm
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 quartz
bar in its oscillator eireuit 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 instruetions, and after an aging period of a 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 10® per day at the end of one year's operation.
Frequency Stability: The standard is designed so that
ordinary changes in air pressure, ambient temperature,

Type

and line voltage have practically 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 #40.01° C. The voltage
coeflicient of frequency of the erystal-controlled oscilla-
tor is approximately 2 parts in 10% for line voltage changes
of 109. The average frequency wvarintion from this
eause will be substantially less.

The fluctuations of frequency of the standard over

short periods, such as those required in making frequency
measurements are less than 1 part in 10°.
Qutput Terminals: The various output frequencies are
made available at Type 874 Coaxial Connectors 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 connections, 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—BACT 1—1N51 (G.E. Co.)
10—6SN7-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 cyeles,

Power Input: IFor the Tyre 1100-AQ) 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 Typu 1100-AP Primary
Standard, the corresponding figures are 175 and 145
watts, respectively.

Accessories Supplied: Complete set of tubes, spare sets
of fuses, fusible links, pilot lights. All connecting cables,
including power-supply leads, servicing cable, and com-
plete operating instructions.

Mounting: All units are mounted on standard 19-ineh
relay-rack panels finished in black crackle lacquer, dress
panel construetion. 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) 7614 x (width) 22
x (depth) 2014 inches, over-all. The available panel space
is 40 rack units or 70 inches.

Net Weight: In floor-type racks, Tyer 1100-AP, 335
pounds, Tyere 1100-A(Q, 300 pounds; in bench-type racks,
Tyre 1100-AP, 230 pounds, Type 1100-AQ, 196 pounds,

1100-AP ._Primnry Frequency Standard

1100-AQ

PATENT NOTICE. See Notes 1, 2, 3, 4, 5, page vi.

The Tyre 1100-AP Primary Frequeney Standard
consists of :

1 Typr 1103-A Syncronometer

1 Tyre 1102-A i.\"Iulti\rihmt.ur and Power Supply
Init

1 Tyre 1190-A Quartz Bar Mounted in TyprE
1101-A Oscillator

1 Tyre 1101-A Piezo-Electric Oscillator

Relay Rack, Blank Panels, Connecting Cables

Code Word Price
........ EXCEL $2390.00
Secondary Frequency Standard. . . . .. EXACT 1690.00

The Tyre 1100-AQ Secondary Frequency Standard
consists of:
1 Tyee 1102-A i\:{qltivibmtnr and Power Supply
it
1 Tyre 1190-A Quartz Bar Mounted in TyprE
1101-A Oscillator
1 Tyre 1101-A Piezo Electric Oscillator
Relay Rack, Blank Panels, Connecting Cables

NOTE: TyrE 1100-A Frequeney Standards are normally supplied in floor-type relay racks. If a beneh-type rack

is desired, be sure to specify in ordering.
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TYPE 1105-A FREQUENCY MEASURING EQUIPMENT

View of Tyre 1105-A Trequency Measuring Equip-

ment with Tyee 1100-ADP Primary Frequency Standard.

The measuring equipment assembly iz supplied with

one floor-tyvpe relay rack, and the Type 1107-A Inter-

polation Oscillator mounts in the frequeney standard
rack, below the standard.

The Tyre 1105-A Trequency Measuring
Equipment includes all the auxiliary equip-
ment necessary for measuring unknown fre-
quencies in terms of the Tyee 1100-A Fre-
quency Standards, The general arrangement
of equipment and the method of measure-
ment areshownin the funetional block dingram,
page 209. When this assembly is used in con-
junction with either model of the Tyrr
1100-A Frequency Standard, measurements
can be made dircetly at frequencies up to
100 Me. Measurements at higher frequencies
an be made by using auxiliary equipment,
such as receivers or oscillators, to transter
the unknown in harmonic steps to a fre-
quency below 100 Me. Where the frequency

GENERAL RADIO COMPANY

range to be used is smaller or the type of
measurement to he made is specialized.
simpler assemblies can be furnished, and
quotations will be made upon request.

The individual instruments comprising the
Type 1105-A Frequency Measuring Assembly
are available separately, and all are 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 direct-reading
scale of the frequency transfer unit gives the
approximate value of the unknown frequency.
For a precise determination, the beat [re-
quency 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 Tyree 620-A can
be used to establish a harmonie relation be-
tween the unknown and the standard fre-
queney. Other types of stable oscillators ean
also be used for this purpose.

At audio  frequencies, the interpolation
oscillator is matehed directly to the unknown
frequency. A harmonic ol the unknown can
be used at low audio and sub-audible [re-
quencies,

Between about 5 ke and 100 ke, the in-
ferpolation oscillator is used to produce a
rariable  frequency  cireular 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 cycle in defermining
the difference between unknown and standard
frequencies. The fractional aceuracy varies
with the frequency being measured ranging
from 2 in 10° at low [requencies to 1 in 10® at
high frequencies.

By reversing the procedure of measure-
ment, a precisely known frequency of any
value between 100 ke and 200 Me can be
generated. The desired frequency is available
at the output terminals of a frequency trans-
fer unit. At audio frequencies, from the inter-
polation oscillator, audio frequencies between
0 and 5000 cycles are available.

This equipment is the result of a quarter
century of continuous development, and
simplicity of operation has, next to accuracy,
been the guiding principle in its design.
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TYPE 1109-A COMPARISON OSCILLOSCOPE

This unit eontains a eathode ray oseilloseope, with
its power supply; selecting, smoothing and phase-
shifting networks for cireular sweeps at line frequeney,
0.1, 1, and 10 ke standard irequencies, 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 |:}‘ radial defleetion,

For complete deseription, see page 214,

TYPE 1106-A, -B, -C FREQUENCY

TRANSFER UNITS
(3 'anels)

Each of these units containg a heterodyne frequencey
meter and heterodyne deteetor, with direet-reading
seales, Ranges nre ns follows:

Tyre 1106-A 100 ke to 2000 ke

Tyer 1106-13 1 Meto 10 Me

Tyre 1106-C 10 Me to 100 Me
The harmonie output of the frequency meter ean be
used at frequeneies 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 deteetor.

For complete deseription, see page 210.

TYPE 1108-A COUPLING PANEL

This unit is the centralized eontrol point at which
all switehing and level adjustments necessary for using
the various combinutions of measuring equipment ean
be ensily and quickly earried out.

IFor complete deseription, see page 213,

TYPE 1107-A INTERPOLATION OSCILLATOR

T'his unit is a diveet-rending audio-frequeney oseil-
lator covering Mrequencies 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
subtraction. A mixer civeuit ig provided with eontrols
for output of the interpolator and for the unknown
frequeney, so that a maximum beat amplitude ean be
obtained. A meter indieates output voltage and ean
be used as a beat indieator 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
Tyer 1107-A Tuterpolation Oscillator, are mounted in
the Tyer 480-MA Relay Rack. At the base of the rack

is mounted a Tyre 1105-P1 Speaker for audible moni-
toring of beat tones.

All eonneetions between standard and measuring
assembly are made by means of pateh cords, which
are supplied.

Each of the instruments comprising the Tyee 1105-A Frequeney Measuring Equipment is available separately. All are
completely described in the following pages, and those desceriptions should be consulted for further details of design
and construetion, net weight, dimensions, ete.
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TYPE 1105-A FREQUENCY MEASURING EQUIPMENT

SPECIFICATIONS

Terminals and Connections: All instruments are
equipped with Tyre 874 Coaxial Connectors on the rear
of each unit. Suitable connecting cords are supplied.
Power Supply: 105 to 125 (or 210 to 250) volts, 50-60
eveles, Other voltages or frequencies on special order only.
Power Input: 200 watts

Accessories Supplied: Spare sets of fuses; blank panels:
connecting eables, including power supply cords
Mounting: The complete assembly, with the exeeption

Type

of Tyrre 1107-A Interpolation Oscillator, mounts in a
standard 19-ineh Type 480-MA Cabinet Rack, This rack
includes service outlets for each instrument, The dnler-

polation oscillator mounts in the frequency standard rack, as
207.

ith) 22 x (depth) 2014
is 40 rack units, or 70

shown in the photograph on page
Dimensions: (TTeight) 7614

inehes,

over-all. Total rack spuce
inches

Net Weight: 370 pounds, including rack.

Code Word Price

1105-A
PATENT NOTICE, See Notes 3, 4, page vi
The Tyee 1105-A Frequeney Measuring Lguipment
consists of:
1 Tyre 1109-A Comparison Oscilloscope
1 Tyrr 1106-A Frequency Transfer Unit
1 Tyer 1106-B TFrequency Transfer Unit

This diagram shows in funetional form the operation
of the Tyre 1105 Frequeney Measuring Assembly. The
Tyrr 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 . . ..

$4480.00

MITER |

1 Tyrr 1106-C Frequency Transfer Unit

1 Tyee 1108-A Coupling Panel

1 Type 1105-P1 Speaker Mounted on Relay Rack
1 Type 1107-A Interpolation Oscillator

Relay Rack, Blank Panels, and Connecting Cables

the detector in the frequeney transfer unit, The unknown
frequency can then (1) be estimated quickly from the
ealibration of the detector, (2) be determined more ac-
eurately by use of the heterodyne frequency meter, or
(3) be meassured
oseillator.

precisely by use of the interpolation

FREQUENCY TRANSFER UNITS

TYPE 1106-A
100-2000ke

TYPE IIOGB:
I-I0Mec | ©

: I
TYPE 106-C
10-100 Mc }_

FREQ. METER
TO TYPE 1100 420Ke o3

FREQUENCY

STANDARD 2%¢| "o

I
fx

SG
MICRODIAL | AR - - & pOFF

TYPE 1108-A COUPLING PANEL

GENERAL RADIO COMPANY

TO TYPE 1100
FREQUENCY
STANDARD

o el

Q

TYPE 1109-A
COMPARISON
OSCILLOSCOPE

DETECTOR

TYPE 1IO7-A
INTERPOL ATION
OSCILLATOR
MICRODIAL

DET ON

TEL-SPKR. |
I

INTERP]
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FREQUENCY

TYPE 1106 FREQUENCY TRANSFER UNITS

USES: The Tyrre 1106 Irequency 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 cireuit. The
direct-reading frequency calibrations will give
the approximate value of an unknown fre-
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 harmonies of the standard; for
accurately  matching the heterodyne fre-
quency meter to the unknown frequency;
for use as a substitute source in measuring
[requencies 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 EFrequency Transfer Units are identi-
cal except for their frequency ranges which
e
Tyre 1106-A
Tyre 1106-B
Tyrr 1106-C

100 ke to 2000 ke
1 Me to 10 Me
10 Me to 100 Me

Fach consists of a heterodyne frequency
meter (with harmonic generating cireuits and
output control) and a heterodyne detector
(with audio-frequency amplifier and regenera-
tion control).

The heterodyne frequency meter oscillator
cireuit 1s a highly stable oscillator having a
frequency range of 2 to 1 in two (1106-A) or
three steps (1106-13, -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 harmonie 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
harmonic. 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-
ing the rated range of the unit. The detector
can be operated either 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
hetween the frequency meter and a signal
frequency, by the threc-oscillator method,
the detector serving as the third oscillator.
When not oscillating, it produces the beat
between the standard harmonic and the

210 GENERAL RADIO COMPANY



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 antomatically sets the pointers
s0 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 (9 ranges)
Tyrre 1106-B 1 Meto 10 Me (10 ranges)
Tryee 1106-C 10 Me to 100 Me (10 ranges)
The heterodyne frequency meters all have 2 : 1 funda-

mental ranges, with ealibrated direet-reading harmonie

seales, The heterodyne detectors all have fundamental
ranges covering the specified band.

Calibration: The heterodyne frequeney meter dials are

calibrated as follows:
Tyre 1106-A 1 ke intervals

5 ke intervals

10 ke intervals

100 to 400 ke
400 to 1000 ke
1000 to 2000 ke
1.00 to 2.00 Mec
2.00 to 10.00 Me
10.0 to  20.0 Me
20.0 to  50.0 Me
50.0 to 100.0 Mec

The heterodvne detector dials are ecalibrated with
somewhat greater frequeney intervals, but the intervals
permit reasonable estimation of frequency.

Tyee 1106-B 5 ke intervals
10 ke intervals
20 ke intervals

100 ke intervals

200 ke intervals

Tyre 1106-C

Accuracy: The accuracy of the heterodyne frequency
meter calibration permits positive identification of
harmonices, when used with a frequency standard. Used
individually, the calibration can be relied upon to 40.1
per cent. '

Frequency Stability: The ecircuits 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,

Input and Output Circuits: The harmonie output of
the heterodyne frequeney meters is available at shielded
coaxial connectors for use with 50-65 ohm econeentric
eable. Harmonies of the fundamental frequency to at
least the 10th are usable. The radio-frequeney input and
the audio-lrequency output connections of the heterndyvne
detector are shielded eoaxial connectors. The input cireuit
is suitable for use with 50-65 ohm eable; the output
impedance is approximately 600 ohms.
Power Supply: 105 to 125 (or 210 to 250) volts, 50-60
cyeles. Other voltages or frequencies on speeial order only.
Power Input: 40 watts.
Tubes: Supplied with instruments:

Tyre 1106-A, -B Tyre 1106-C

3—G6SJ7 1—68J7
1—6J5GT 1—6J5GT
1—GSN7GT 1—6SNT
1—1N51 (G.E.Co.) |—6X4
1—6X4 1—BAKS
1—0D3 1—0D3

2—49002
Accessories Supplied: Fuses; line connector cord; coax-
ial eonnectors,
Controls: Power ON-OFF switch; heterodyne frequeney
meter PLATE supply switeh; heterodyne frequency
meter and heterodyne detector RANGE (eoil seleetor)
switches; frequency eontrols; heterodyne frequeney meter
OUTPUT control; heterodyne detector RIEGENERA-
TION econtrol,
Mounting: Standard 19-inch relav-rack mounting: dress-
panel construction: black erackle lacquer.
Dimensions: Panel (length) 19 x (height) 10149 inches;
behind panel, (Jength) 17 x (height) 1014 x (depth) 1234
inches,
Net Weight: 4734 pounds.

. Type B . Code Word Price
1106-A Frequency Transfer Unit 100-2000 ke. ABOUT ‘ $900.00
1106-B Frequency Transfer Unit 1-10 Mc .. . .| ACTOR 900.00
1106-C Frequency Transfer Unit 10-100 Mc. .| ADEPT 900.00

PATENT NOTICE. See Notes 3, 4, page vi.
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TYPE 1107 -A INTERPOLATION OSCILLATOR

USES: The principal use of the Typre 1107-A
Interpolation Oscillator is, in connection with
a frequency standard, to measure the dif-
ference between the unknown frequency and a
known standard harmonic. The direct-reading
linear seales of 0 to 5000, and 5000 to 10,000
cveles make possible the rapid evaluation of
the frequency difference, by addition only,
with high accuracy. While the dials are
marked as deseribed, the actual frequency
range is 0-5000 cyeles.

The linear scale of this oscillator also
mutkes it useful for other types of work where
aceurate frequency increments are desived.

DESCRIPTION: T'he oscillator is of the beat-
frequency type, with the radio-frequency
oscillators operating in the region of 45-50 ke.
The circuits are designed for exceptional
stability 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 varinble-frequency oscillator frequency
is controlled by a precision variable air
capacitor, the fixed oseillator frequency by a
fixed air capacitor. The inductors of both
oscillator cireuits are wound on ceramie 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

212

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 switeh which permits changing the
frequency by exactly 5000 cycles. By thus
changing the frequency the oscillator can be
fitted with a scale reading 5000-10,000 cyeles.
When measuring an unknown frequency lying
below the standard (requency, the beat fre-
quency need not be subtracted from the
standard frequency to obtain the unknown
frequency. Instead the 5000-10,000 ecycle
seale 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 scale 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 incre-
ments, two direct-reading ineremental fre-
quency dials (one for the 0-5000 scale and
one for the 5000-10,000 cycle scale) are
provided.

GENERAL RADIO COMPANY



FREQUENCY

SPECIFICATIONS

Actual Frequency Range: 0-5000 evcles per second.
Dial Calibrations: DIRECT: 0-3000 cyeles, with the
oseillator frequency inereasing from 0 to 5000 divisions
on the seale. REVERSE: 5000-10,000 eyveles with the
oscillator frequency deecreasing from 35000 eyveles to zero
while seale reading goes from 5000-10,000 divisions. Af
REVERSE and Af DIRECT: 410 cyeles.

Accuracy: The instrument is aligned to agree with the
linear direct-reading seales to within ==2 eycles.

The wariable capacitor is provided with a preeision
worm drive so that preeise frequeney settings can be
made. Small residual errors are easily and quickly re-
moved in the region of any frequeney 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, Ior
evaluating very small frequency differences, independent,
direct-reading frequency inerement dials are provided.
Output: The ontput voltage is adjustable up to 15 volts.
The output eircuit 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 circuit. 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'E switch; DIRECT and REVERSE
seale switeh; Two Af and zero-set controls; main PRS-
QUENCY control; OUTPUT and INPUT (mixer) wvol-
ume eontrols.
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—(ACT 1—0D3

3—06J5GT 1—62
Accessories Supplied: Fuses; power cord; coaxial
connectors.
Mounting: Standard 19-inch relay-rack; dress panel
construction; black crackle finish.
Dimensions: Panel (length) 19 x (height) 1214 inches;
behind panel, (length) 1714 x (height) 12 x (depth) 12
inches.
Net Weight: 4114 pounds.

Coede Waord Priee

PATENT NOTICE. See Notes 3, 4, page vi.

=

1 lO?-A_HI lnterpoluiioﬁ_Oscillnior ............. l BARON |

$850.00

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 Tyee 1100-AP Primary Irequency
Standard (or Type 1100-AQ Secondary I're-
quency Standard). The panel earries the
necessary switches and volume controls for
all operations in making frequeney measure-
ments.

DESCRIPTION: The instrument contains the
following controls: FREQUENCY METER,

for selecting and combining the frequency

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 harmonic outputs, or
combination; individual volume controls;
DETECTOR selector, for selecting input and
output eireuits of 1106-A, 1106-13, 1106-C
or an external detector (or receiver); an
ON-OFF switch and volume control for
frequency  being measured; MICRODIAL
switch; TEL-SPEAKER switch for trans-
ferring between telephones and speaker and
between detector and interpolator outputs.

SPECIFICATIONS

Terminals: At rear: by 24 shielded eoaxial connectors
to all sources and instruments required; rear telephone
connection for use when adjusting standard against
standard frequency transmissions. At front: by shielded
coaxial connectors, harmonie output circuits of 1106-A,
1106-13, and 1106-C' heterody ne frequeney meter sections;
input conneetion for frequeney being measured; by two-
point or standard telephone jack, connections for tele-
Ty

1108-A
PATENT NOTICE. See Notes 3, 4, page vi.

GENERAL RADIO COMPANY

| Coupling Panel. ...........

phone receivers.

Mounting: Standard 19-ineh relay-rack mounting; dress

panel construction; black c¢rackle linish,

Dimensions: Panel (length) 19 x (height) 7 inches; be-

hind panel, (width) 17Y{ x (height) 634 x (depth) 619

inches,

Net Weight: 16 pounds.
Code Word

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 Typr 1100-AP Primary

Frequency Standard (or Tyee 1100-AQ
Secondary Frequency Standard) as an aid in
making interpolations or checking calibra-
tions with high accuracy. With such stand-
ards and associated measuring equipment,
the Tyrr 1109-A Comparison Oscilloscope
provides a convenient means of measuring
audio and carrier frequencies, or of calibrating
oscillators in these frequency ranges.

DESCRIPTION: The Typr 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 cireular sweeps at the power line
frequency, at 0.1, 1, and 10 ke from the
frequency standard, and at variable frequency
obtained from the Tyrr 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
selecting any one of the several operations
normally involved in making frequency
measurements or calibrations,

FEATURES: > The general use of circular
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,

> Ordinarily in the use of calibrated oscil-
lators, it is not necessary to identify a pattern;
it is only necessary to adjust the oscillator
so that the pattern stands still. A system of
known frequencies is easily established on
the basis of the fype of pattern obtained.
When used on base frequencies 10 or 100 times
higher, the same lypes 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 frequeney range from very low audio frequencies to
radio frequencies of a few hundred kilocveles. In the
range up to 100 kiloeyeles, an input voltage of 0.5 volt
gives full radial deflection. Larger voltages give very
useful square-wave radial deflections.

Controls: ON-OFI switch; BRILLIANCE, FOCUS,
and CENTERING adjustments for cathode-ray tube;
sweep DIAMETER, and SHAPING controls; FRE-
QUENCY selector for eireular sweep; SELECTOR for
sources to be compared.

Terminals: At rear, by coaxial connectors for standard
frequencies and for sources to be eompared; on panel by
universal two-point and coaxial 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 frequencies on special order only.

Power Input: 30 watts, approximately.

Tuhes Supplied: 1—Type 3DPLA. 3" radial deflection

Cathode-Ray Oszeilloscope

2—6SNT7GT 1—2X2A 1—6X5-GT
1—6J5GT 1—6307

Accessories Supplied: Spare fuses; line connector cord:

Tyre 874 Coaxial Connectors; one Tyre 274-MB Double

Plug.

Mounting: Standard 19-inch relay-rack mounting; dress

panel construetion; black erackle finish.

Dimensions: "anel (length) 19 x (height) 7 inches; be-

hind panel, (width) 1714 x (height) 634 x (depth) 1213

inches.

Net Weight: 35 pounds.

Code Waord Price

1109-A
PATENT NOTICE. See Notes 3, 4, page vi.
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| Comparison Oscilloscope. . .

J BASIN | $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 Tyrer 620-A Heterodyne Frequency
Meter in making frequency measurements
from 10 NMe 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 159, The Tyre
[110-A  Interpolating Frequency Standard
and the Type 720-A Heterodyne Frequency
Meter are particularly well suited for making
measurements of center frequency and fre-
quency swing on mobile I'-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 19, 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 [1—Method IV."”

GENERAL RADIO COMPANY

harmonic of the 1-Me multivibrator can
therefore be adjusted continuously from 100
Mec to 101 Me, giving complete coverage over
this interval. At 101 Mec and higher harmonics,
the range from any multiple of 1 Me to the
next higher multiple is less than 197, 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 harmonies give complete
frequency coverage from 100 Me upward, for
the 1 Me unit, and from 10 Me upward, for
the 100 ke unit. When the Interpolating
Frequency Standard is used with the Type
720-A and Tyre 620-A Heterodyne Frequeney
Meters, having ranges of 100-200 and 10-20
Me respeetively, only the harmonies from the
100th to the 200th are used.

The dial of the Tyre 720-A, for example,
covers 100-200 Me with calibration marks at
cach megaeyele. With the dial of the variable
frequency oscillator at zero, the standard out-
put frequency is exactly 1 Me, and all har-
monics 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-
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FREQUENCY

ured, an approximate reading of the unknown

frequency is given at once on the dial. As an
example, suppose the reading to be 162.3 Me.
Using the Interpolating IFrequency Standard,
the 1-Me multivibrator output is coupled to
the frequency meter. The oscillator dial is
then advanced from zero until the 162nd har-
monie (identified by the 720-A dial reading)
is advanced from 162.0 Me to 162.3 Me
approximately where zero beat is set. The
increment in frequency is determined from
the variable oscillator dial and is 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 cireuits or
wide-band interpolating methods.

> All frequency inerements are taken as posi-

tive, avoiding all need for subtraction or de-
termining the sign of frequency incerements.
> Means are provided tor checeking the align-
ment of the variable frequency  oscillator
calibration in terms of the 950-ke crystal
frequency.

> Since harmonies of the multivibrators fall
at all standard frequencies transmitted by the
U. 8. Bureau of ."‘;T:illllil[':l-é (WWV) it is possi-
ble to check the absolute aceuracy, including
the frequency 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 1s connected to the stand-
ard [requency unit by means of a v ible. 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 lard is from 1000
to 1010 ke. The output frequencies of the 1110-P1 Multi-
and 0.1-Me fundamentals with
to 200 or more.

vibrator Unit are 1.0-

harmonices 1]
Calibration: The variable frequency oscillator dial has
1000 divisions corresponding to 0.001 per eent or 10 parts
per million per division.

A list of check settings is provided on the panel, This
cheek ean be made at any time by simply  plugging a
=t Ol '!u':ul[:|1lmn"- into the _i:||'|n' or binding Posls ‘,'I""\'i-it"l'l
on the panel, A trimmer contral on the panel provides
for adjusting

To [aeilita

he oscillator to agreement with the ervstal,

» econversion of the dial readings from

their basie per million wvalues of

ntage or parts pet

frequeney in it

0.1 Me (100 ‘r.--.

sjons for :‘!u'-{'.'.\'.':f'

to fractions of a megaevele or of
| ng the number of dial divi-
nents of 1.0 Me and 0.1 Me at

each harmonie from 100 to 220 is given on the panel. A

simple slide-rule ratio then gives the desired frequency
merenment.
Crystal Oscillator: The crystal oscillator iz adjusted to
within 1 prart in a million of correet |.I'I'I1I:l'lll'_\\' atl room
temperature, It should be reliable to within =10 parts
per million at ordinary room temperatures, The erystal
frequency can be ehecked and adjusted in terms of stand-
nissions  from WWV  using
1 inble oseillat

ining the wvari:

ard frequency  tran

external receiver, ma

exactly 50 Ke in terms of the ervstal.
Accuracy of Measurement:
measurement is =25 parts per million using the oseil-
lator dial directly. IT the oscillutor is carefully trix
in terms of the erystal, the over-all aecuracy

The over-all accuraey of

is Hmared
principally by the error of the erysial
Vacuum Tubes: The following tubes are supplied:

2 — GACT 3—0JoGT

4 — GRN7-GT 1 —AR4GY

1 — G8JT 1 — 9001

1 — GSAT 1 — 2LAP-430 (Bridge Cirenit Lamp)

Power Supply: Either 105-125 or 210-250 volts, 50 to 60
eveles.

Power Input: 85 watts from 115-volt, G0-cyele line.
Mounting: Tyre 1110-A, standard 19-ineh relay rack:
dress panel Tyee
1110-"1 (attached to 1110-A by ecable), small metal
cabinet.

Accessories Supplied: Line connector ecord; Tyre
1110-1"1 Multivibrator Unit with 5-foot eonnecting cable;
spare fuses; Quartz Plate (shipped installed).
Accessories Required: IHead telephones,

Dimensions: 1110-A Panel (length) 10 x (height) 834
inehies: behind panel, (length) 1714 « (height) 82 8x (depth)
14 inches. 1110-P1 (length) 014 x (height) 3)4 x (depth)
]

construction; black crackle

alq inches.
Net Weights: Tyer 1110-A assembly, 40 pounds;
Tyre 1110-P1 Multivibrator Unit, 715 pounds.

Code WWaord Price

H]OA

PATENT NOTICE. See Notes 1, 2, 5, page vi.
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Interpolahng Frequency Standard.

RAVEN ) $775.00
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FREQUENCY

TYPE 1213-A UNIT CRYSTAL OSCILLATOR

UNIT
s
. ms “\;..SHL OSCII.UTEI“EM

P

et b v s
1B Ut ey

SIGNAL 1Mo Ko

A

Typr 1213-A Unit Crystal Oscillator shown eonnected to Tyre 1203-A Unit Power Supply.

USES: The Tyrr 1213-A Unit Crystal Oseil-
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 half operating as a cathode follower and
the other as a grounded-grid amplifier. The
voltage across the 1-Me tuned cireuit in the
plate of the grounded-grid stage is fed back
to the cathode-follower plate circuit, which is
used as a harmonic generator. Since the crystal
operates between two low-impedance cathode
circuits, it 1s relatively unaffected by cireuit
parallel capacitances, resulting in improve-
ment of stability. A fine-frequency control isg

provided to permit adjustment to exact zero-
beat with standard frequency radio transmis-
sions from WWYV or with other standard fre-
quency sources. T'wo 10-to-1 multivibrators
follow the oscillator, providing 100 ke and
10 ke output frequencies.

FEATURES: > | Mec¢ harmonics to approxi-
mately 1000 Me; 100 ke harmonies to 250
Me; 10 ke harmonies to 25 Me (when detected
with good receiving equipment).

> Can be used with the Tyer 874-MR Mixer
Rectifier as a 1 Mc marker generator up to
approximately 250 Me.

> Short period stability of approximately 1
part per million.

> Compact, light-weight unit construction.
> Frequency can be adjusted to exact zero-
beat with other frequency standard.

> At least 6 volts output on all three fre-
quencies,

> IHigh impedance output.

SPECIFICATIONS

Frequency: 1 Me, 100 ke, and 10 ke, The erystal has
a temperature coefficient of one part per million per
degree centigrade. Under normal operating conditions
with a constant room temperature, a stability of approxi-
mately one part per million can be obtained for a day's
operation.

OQutput: Greater than six volts for all three frequencies.
Harmonics Available: Up to approximately 1000, 250,
and 25 Me, respectively.

Controls: A ceramic waler switch to select desired out-
put frequencies,

Terminals: Jack-top binding
standard 34 inch spacing.

posts provided with

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 switch setting.
Accessories Supplied: One mating multipoint econ-
nector.

Mounting: Black-crackle-finish panel and sides, Alum-
inum cover finished in elear lacquer,

Dimensions: (Width) 9% x (height) 5% x (depth)
G614 inches,

Net Weight: 3 Ibs. 12 oz,

Tupe (,'rlf!c_ Word Price
1213-A Unit Crystal Oscillator® . .. ........... REBEL $130.00
1203-A Unit Power Supply. . .............. o ALIVE 40.00

SPATENT NOTICE, See Notes 2 and 5, page vi.

GENERAL RADIO COMPANY
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TYPE 620-A HETERODYNE FREQUENCY METER
AND CALIBRATOR

USES: Although designed primarily for meas-
uring high and very high frequencies, this
mstrument 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 ealibrating 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 #+=0.029; or greater.

DESCRIPTION: The schematic diagram shows
the essential clements of the instrument: (1)
a heterodyne [requency 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 harmonies. The fun-
damental frequency range is 10 to 20 Me,
This range is divided into 10 steps of 1 Me
each, 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
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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-
queney of the heterodyne frequency meter is
given by the sum of the coil switch and
capacitor dial readings, subject to any secale
correction as determined by the erystal cali-
brating points.

IFor checking the calibration of the hetero-
dyne frequency meter, a piezo-clectric cali-
brator, employing a one-megacyele low-tem-
perature-coefficient 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 [requency i1s set to zero
beat with the unknown, and the frequency is
reacd 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 Tyrer G20-A
Heterodyne Frequency Meter and Calibrator.
> lixeellent aceuraey has been combined with
simplicity of operation.

> The direct-reading frequency scale makes
convenient and rapid measurements possible.

GENERAL RADIO COMPANY



> 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,

> EFither 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
harmonic methods frequencies between 300 ke and 300
Me are easily measured.

I'requeneies up to about 300 Me can be measured by
getting a harmonie of the heterodyne frequency meter to
zero beat with the unknown. In general, the beat is
obtained in the detector, but for the very highest fre-
quencies it is advisable to use an auxiliary receiver. For
frequencies below 10 Me and down to about 300 ke,
harmonies of adequate strength for measurement ean be
generated in the detector tube provided a sufficiently
strong signal is applied to the instrument. For weak
signals, a loenl oseillator as a harmonie-generating means
i.‘" necessury.

Calibration: The eapacitor dials are graduated to read
decimal fractions of megacyeles directly, the smallest
division vorresponding to 0.001 Me (1000 eyveles).

Calibrator: A 1-Me piezo-electrie oscillator, employing
a low-temperature-coeflicient guartz plate, is provided
for cheeking the ealibration of the frequeney meter.
Harmonies of 1 Me fall at the upper and lower limits of
the dial, giving a bracketing check on each coil range of
the heterodyvne frequeney meter. Harmonies of the hetero-
dvne also produce beats with harmonies of the ealibrator,

giving checking points at multiples of 14, 14, 14, and 14
Me, ete., over the dial range. Sinee these points occur ut
the =ame dial readings for each range, checeking is made

very stimple and convenient.
Accuracy: The over-all accuracy of measurement is
0,019 or better when the frequeney meter is checked
in terms of the erystal ealibrator and the resulting corree-
tion applied to the dial reading.
Vacuum Tubes: The following tubes are used and are
supplied with the instrument:

1 — 054 | — 84 3 — 055

Tupe

FREQUENCY

Closeup view of the tuning dial, showing details of the
seale.

Power Supply: Either 105 to 125 (or 210 to 230) volts,
50 to 60 eyveles, or 6 and 180 volts de. A switeh on the
panel selects the type of power supply desired, The a-e
operated power :ﬂl]lijll\' is built in. Batteries are not sup-
plied.

Power Input: 15 watts from 115-volt, G0-evele supply.
Mounting: Standard 19-inch relay-rack panel, finished
in black-crackle lacquer.

Accessories Supplied: One-megacyvele quartz plate;
line connector cord; spare fuses; two multipoint con-
nectors.

Accessories Required: Head telephones, which ean be
connected either at the panel or at the rear of the instru-
ment.

Dimensions: Panel, (length) 19 x (height) 834 inches;
behind panel, (length) ]T}_f x (height) 83¢ x (depth)
1134 inches.

Net Weight: 3234 pounds.

Code Word Price

620-A

PATENT NOTICE, See Notes 2, 5, page vi,

COUPLING

OSCILLATOR

CRYSTAL
CALIBRATOR
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| Heterodyne Frequency Meter and Calibrator |

DAISY

| $625.00
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TYPE 720-A HETERODYNE FREQUENCY METER

USES: The Tyre 720-A Heterodyne Frequency
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 Tyrr 1110-A Inter-
polating Frequeney Standard, this frequency
meter is useful in measuring center frequency
and frequency swing in I'-M mobile trans-
mitters.

DESCRIPTION: ‘I'he principal elements of the
instrument are a calibrated oscillator, a erys-
tal detector and an audio amplifier. The
frequency-determining element of the osecil-
lator is a butterfly cireuit, in which the
capacitance 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 oscil-
lator frequency is adjustable between 100
and 200 Me. Harmonies of the oscillator are
used to measure frequencies above 200 Me,
and harmonics of the unknown are used at
frequencies below 100 Me.

The detector is a standard silicon crvstal,
so mounted that it is easily accessible for
replacement. A spare is [urnished.
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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 batterv-operated,
completely self-contained, and mounted in
a portable, fabric-covered cabinet. Complete
operating instructions 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 direct 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 increments 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



FREQUENCY

SPECIFICATIONS

Frequency Range: The fundamental frequency range is
from 100 to 200 megaeyeles, This range is covered in a
single band with approximately logarithmie frequeney
distribution. By harmonic methods (requencies hetween
10 megaeyeles and 3000 megacyeles can be measured.
Since harmonies of the internal os re considerably
stronger than harmonies of the unknown as
the detector, the sensitivity of the instrument for fre-
s]m-n--iu-.\ below the range of the oscillator fundamental is

“.] l.'l{ or i

generated in

considerably less than that at frequeneies equal to or
ahove the oscillator fundamental,

Beat Indication: With strong signals a strong beat note
will be heard in the small dynamie speaker in the front
panel, For weaker signals o pair of headphones should be
used. In addition to the audible beat, a visual indication
is obtained !r‘\' the deflection of the p:ll!l'l meter. Sinee
the band width of the deteetor cireuit is 30 kiloeveles,
the panel meter will defleet even when the frequeney
measured is unstable and does not produce a steady

audible beat note.
Calibration: The main dial is calibrated in frequency,
each division corresponding to one megacyele.

The slow-motion drive is geared to the tuning unit and
its dinl earries 250 uniform divisions. IBach one of these
divisions corresponds approximately to a frequency
change of 0.019%.

Accuracy: The over-all aceuracy of measurement is
40,177, For measurements reguiring greater aceuracy,
the frequency meter can be used with the Tyrve 1110-A
Interpolating I'requency Standard, page 215,
Temperature and Humidity Effects: Over the range
of room conditions normally encountered, Temperature
and humidity do not affeet the aceuracy of the instrument.,
Input Terminal: A short adjustable rod serves as an-
tenna to piek up the unknown signal, Additional length
of wire can be attached.
Vacuum Tubes: The following tubes are used and are
supplied with the instrument:

1— IN3-GT G

1 —1DS-GT

1 — 058-A
Power Supply: A Burgess GUAGD Battery is supplied
ion the Tyre 1261-A
1213, but must be

with the instrument. For a-e ope

Power Supply ean be used (see page

ordered separately.,

T

View of the butterfly-type tuned ecircuit used in the
Typre 720-A Heterodyne Frequeney Meter.

Mounting: The Tyre 720-A Heterodvne Iregueney
Meter is mounted in a shielded earrving case of durable
airplane-luggage construction. Clomplete operating  in-

structions are attached to the cover, and a complete
wiring diagram, with eireuit constants, attached to
the inside of the cabinet. Panel is finished in black

erackle lacquer.
Accessories Supplied: One 1N21-B Crystal is supplied
as a spare in addition to the one in the instrument.
Accessories Recommended: Headphones which ean
be plugeed in on the front panel, and which ecan be
stored in the cover of the instrument.

Dimensions: (Height) 14 x (width) 1214 x (depth)
1014 inches, over-all, including cover and handle. Panel,
1024 x 1134 inches.

Net Weight: 27

4 pounds, with battery,

Code Word Price

720-A
1261-A
PATENT NOTICE. Bce Note 10, pa

OSCILLATOR

GRYSTAL
DETEC TqR

GENERAL

Hétérodyne Frequency Meter. . ..... |
A-C Power Supply.........

VOLUMNE
CONTROL

FANCY |
NUTTY

'$410.00
128.00

#—— AUDIO AMNPLIFIER —____]

V-2

SPEAKER

PHONES
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TYPE 1176-A FREQUENCY METER

USES: The Tvypr 1176-A Frequency 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.

IFor the electronics laboratory it provides
a convenient means of measuring audio and
supersonic frequencies up to 60 ke, regardless
of waveform. IFor 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 frequency.

DESCRIPTION: The ecircuit 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 seale 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 mput 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 cyeles per second in six ranges. IMull-
seale wvalues are 200, 600, 2000, 6000, 20,000, 60,000
eyeles.

Accuracy: (29 of full scale + 2 eyeles), for all ranges.
When operating on the 60,000-cyele range, with less than
0.5 volt input, the accuracy becomes =37, of full scale.
Input Voltages: 0.25-150 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
eyeles.

Power Input: 50 watts.

Vacuum Tubes:
1—6HG6-GT
1—68Q7-GT
1—6X35-GT
1—6V6-GT

1—68NT7-GT
1—6J5-GT
2—63J7-GT
1—0A3
l—Amperite 3-4

All vacuum tubes are supplied.
Mounting: Standard 19-inch relav-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 grays which ean be processed in quan-
tity can also be supplied.
Accessories Supplied: Line connector cord and multi-
point connector; spare fuses.
Dimensions: Panel, 19 x 514 inches; depth behind panel,
1114 inches.
Net Weight: 1914 pounds.

‘f:_:..rpc Code Word _ Price
1176-A Frequency Meter........... T TIMID $285.00
FRI-310 End Frames for Type 1176-A....... ; ENDFRAMCAT 10.00 pair

PATENT NOTICE. Sce Notes 2, 16, page vi.
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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 Tyrr 724-B Precision
Wavemeter is a tuned-circuit instrument,
consisting of a precision capacitor, a reso-
nance indicator, and a set of inductors. The
capacitor is similar in constructional details
to Typr 722. (Sce page 50.)

FEATURES: > No cumbersome calibration
curves are needed because of the straight-line-
frequency capacitor. The calibration data
are in tabular form, and specifie frequencies
are found by interpolating between the
points in the table.

> Measures ultrasoniec 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 circuits.

SPECIFICATIONS

Frequency Range: 16 kiloeyeles to 50 megacyeles.
Accuracy: =4=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 sertings for other fre-
quencies. At least 13 points per coil are given.
Capacitor: Precision wormedrive tyvpe similar to Tyrr
722, The ecapacitor 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 25,000. The plates are shaped

GENERAL RADIO COMPANY

to give an approximately linear variation in frequeney
with seale setting.

Inductors: Coils are wound on steatite forms and en-
elosed in molded phenolie eases, Seven coils are used to
cover a frequency range between 16 kilocycles and 50
megacycles, with adequate overlap.,

Resonance Indicator: A germanium erystal reetifier is
used with a microammeter to indieate rezonance, The
indicator is coupled to the tuned ecircuit through a
capacitive voltage divider,

Crystal: A 1N34 germunium erystal reetifier is used.
Mounting: Capacitor is mounted on an aluminum panel

223



FREQUENCY

finished in black erackle laequer. Cabinet is of walnut
shielded. A wooden storage case, fitted with loek and
carrving handle, is furnished. This has compartments for
hﬂl(ling the v:ip:u'itnr. imfttl'Tm':a, and ealibration charts.

Type

Dimensions: Carrying ease, 1674 x 13 ¥ 1214 inches,
over-all.

Net Weight: With carrving ease, 34 pounds; without
carrying ease, 18 pounds.

Code Waord Priee

724-B

USES: In the very-high-frequency range, 56

to 400 Me, this wavemeter provides a con-

venient and aceurate means of measuring the

frequencies of oscillators.

DESCRIPTION: Tyrr 758-A Wavemeter is a

tuned-cirenit absorption type of instrument,

in which the capacitance and inductance are

varied simultaneously. This permits a wide

range of frequency to be covered with a

single coil. The coil ig connected permanently

into the eireuit. The resonance indicator is an

incandescent lamp.
SPECIFICATIONS

Range: 56 Me to 400 Me, direct reading.

Accuracy: =27,

Temperature and Humidity: The accuracy of this

wavemeter is completely independent of temperature

and humidity effects over the ranges normally encoun-

tered.

Resonance Indicator: Incandescent lamp.

Accessories Supplied: Two spare indieator lamps,

Mounting: Transparent ease with hexagonal black

phenolic end pieces,

Dimensions: 5 x 5 x 434 inches, over-all.

Net Weight: 124 pounds.

USES: This instrument fills the need for a

frequency measuring instrument of moderate

accuracy covering 250 to 1200 Me.

DESCRIPTION: The frequency-determining ele-

ment in the Tyrr 1140-A Wavemeter is a

butterfly ecireuit. The resonance-indicating
Type

Precision Wavemeter, . . . . ..

TYPE 758-A

. $295.00

WOMAN

WAVEMETER

Type Code Waord Price

' 758-A | Wavemeter... wirty | $40.00

TYPE 1140-A U-H-F WAVEMETER

cireuit consists of a ervstal detector and a
microammeter. The dial has a direet-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 a
single rotation of the dial.

> The small detector cartridge is easily re-
placed, if burned out or damaged, without
affecting the calibration.

> Sensitivity 15 sufficient to give a meter
reading with oscillators having only 20 milli-
walls output.

SPECIFICATIONS

Range: 250 to 1200 Me, Accuracy: =2',.
Temperature and Humidity: The accuraey of this
wavemeter 1s independent of temperature and humidity
effects over the range of room temperatures and huamidi-
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 Price

1140-A

PATENT NOTICE. See Note 10, page vi.
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$85.00
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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 clec-
trical characteristics are a few of these. Be-
sause of these considerations, many of 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-
duetivity, polystyrene insulation for high re-
sistance and low power factor, either red or
black for color coding. It can be mounted on
metal or insulating panels, of a thickness from
zero to 245 inch. The captive top will clamp a
spade terminal or any size wire up to No. 10
without shearing; and will aceept a Tyre 274
Plug or a Tyre 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 Tyre 938
Jack. Both binding post and jack have solder-
ing tips—mno lugs are used.

IFlat insulators (Type 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 Tyre 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 of con-
nectors. Typr 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 springs
are not depended on for mechaniecal 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 24-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.

Knobs are durable phenolic, and are avail-
able separately in a variety of models and
sizes, consistent in style with the binding
posts.

CGieneral 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 specifically for instrument use. This
high-quality, rugeed, low-loss unit is supplied
in several different capacitance ranges.

Tyee 941 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 circuits ranging in impedance
from 3715 ohms to 9600 ohms. It has an ex-
cellent frequency characteristic, spanning four
decades.

The Tyre 942-A Transformer is a high-
level output and impedance-matehing 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 cireuits,
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RESISTORS

RHEOSTATS AND VOLTAGE DIVIDERS

Variable resistors and voltage dividers are
useful in assembling experimental equipment
where tube voltages and circuit 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
Radio 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 phenolic 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 section, such as the

use of ribbon (instead of the conven-
tional circular cross-section wire)
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(¢) Wire spacing

(d) Wire alloy

(e) Size ol molded base

(f) Shape of winding mandrel (the form
upon which the wire is wound)

Molded bases vary in diameter from 113
inches to 3 inches, and the width of the man-
drel (affecting the depth behind the panel)
from 1345 inch to 24 inches. Wire alloys 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 lincar
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 phenolic 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 contact
arm. This arm is in continuous contact with
the winding, and there is no “off”" position.

The take-off brush used on Tyre 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.

General Radio rheostats and voltage 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



RESISTORS

GENERAL SPECIFICATIONS FOR UNITS ON

PAGES 229,

Accuracy: All types are wound to an securaey of =377
of the nominal maximum-resistance values listed.
Maximum Current: The maximum current is the eur-
rent which will produce the rated power diszipation when
flowing through the entire winding. This current should
not be exceeded in any portion of the winding.
Terminals: Serew 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-type knob,

Mounting: All models ean be arranged for either table
or panel mounting.

Wire Com pogition
A Copper Nickel (Constantan)
L. (‘opper Nickel
N Nickel-Chromium-Iron i
I Nickel-Chromium (modified) .. .............
R Chromimmn-Aluminum-Tron. .. ........ ...

230,

AND 231

Dimensions: Over-all size and mounting dimensions are

shown on the sketehes,

Power Rating: Approximate power ratings of the various
models are given for a temperature rise of from 50 to 60
degrees Centigrade for open shelf or panel mountings.
When units are mounted in enclosed spaces, slightly
higher temperature rises or somewhat reduced ratings are
to be L‘.\]Jt'(-terl.

Wire: Various kinds of resistance wire are used on the
standard models. Their characteristies are listed in the
’.'ill]l_' “I‘I‘F\\..

Thermal 1AFF

af Resistance L]

(Hhims per Temp. Coetl.

Circular

M Foot (20-10PC Capper
204 +2() in 108 —-43 u¥V/°C
60 +710 —_
675 +170 25
S00 + 20 + 1
=00 4+ 70 o

TYPE 301

Iype 301-A. A small, compaet unit similar in construc-
tion to the Typr 214,

Maximum Dissipation: 4 watts without protecting

strip (5 9-1,000£2). 3 watts with protecting strip (2,000
20,000 £2).

Winding Length: 3%{ inches.

Useful Angle of Rotation: 258°,

Shaft: L{-ineh staifiless steel,

Knob: Tyee KNSP-6.

Net Weight: 3 ounces.

Maximum Maximum

&
§
g
H
-

Approx.

T Resistance Current Turns Wire Code Ward Price
301-A 5¢ 0.9 a 140 L PALSY $2.75
301-A 10 ¢ 0.63 a 180 L REMIT 2.75
301-A 20 « 430 ma 2256 L RENEW 2.75
301-A 50 280 ma 190 A | RIFLE 2.75
301-A 100 | 2000 ma 235 A RIGID 2.75
301-A 200 140 ma 300 A REBUS 2,75
301-A 500 90 ma 375 A RIVAL 2.75
301-A 1,000 « i3 ma 475 A RAVEL 3.00
"301-A 2,000 @ A9 ma 330 | A READY 3.00
“301-A 5,000 ¢ 24 mu 6530 N ROMAN 3.00
"301-A 10,000 @ 17 ma 780 N [ CURRY 3.00
"301-A 20,000 U 12 ma | 840 R CRUMB 3.00

* Supplied with linen-phenolic protecting strip.

GENERAL RADIO COMPANY
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TYPE 371 AND TYPE 214

Type 371-A. The resistance wire is wound on a linen- derivative increasing with elockwise rotation of the knob
phenolie strip, which iz securely clamped to the support- in a panel-mounted unit).
ing form. The contact arm is a specially formed single Maximum Dissipation: Typre 371-A, 15 watts (12
]JlIl).-'-i.ll\r}l‘-}\l'l}['l?-t' blade that 1||'-J\'iill<.-' smooth and firm watts with ]rI‘lJlL‘E.’(iJl,‘__', .\iI"I;J ) Tyee 371-T, 8 watts.
contact with the edge of the winding, Winding Length: ljﬁ inches,

Useful Angle of Rotation: 303°,
Type 371-T. In this unit the resistance form is tapered Shaft: l4-inch stainless steel.
linearly, so that the variation of resistance with angle of Knob: Tyre KNSP

rotation follows a square law (the resistance-rotation Net Weight: 8 cunces.

TYPE 214-A

3 MTG.HOLES
NO 25 DRILL

ON FRAD.

sord g

TYPE 371
Marimum Mazximum Approzx.
Type Resistance Currend Turns Wire Code Ward Price
371-A 1,000 120 ma 615 | A ' REDAN | 525
371-A 2,000 @ 90 ma 765 A REFIT 5.25
371-A 5,000 @ 55 ma au0 A ROTOR 5.25
*371-A 10,000 ¢ 34 ma [ 1185 A ROWDY 5.25
*371-A 20,000 o 24 ma 1020 N RULER 5.25
*371-A 50,000 ¢ 16 ma 1600 N SATYRR 5.25
*371-A 100,000 11 ma 1800 R BEPOY 5.25
F*371-T 10,000 & | 95 ma 1100 N SULLY 5.25
* Supplied with linen-phenolie proteeting strip.
= Tapered to give square-law variation ¢ taner with angle
Type 214-A, siniilar to the Typeg -\ Inevery respeet Maximum Dissipation: 10 watts.
except that the winding form iz narrower. See dimension Knob: Tyrr KNSP-S,
drawing alhove. Net Weight: § ounces,
Maximum Maximum Appror.
e Resistanece urrent Turns Wire Code Ward Price
214-A 10 @ 1.0 u 200 A RURAL $3.50
214-A 20 @ 0.7 a 250 A RAZOR 3.50
214-A 50 o 450 ma 300 A RAPID 3.50
214-A 100 @ 320 ma 363 A RLVET 3.50
214-A 200 220 ma 475 A EMPTY 3.50
214-A 500 « 140 ma B A ROSIN 3.50
214-A 1,000 @ 100 ma 740 A ENACT 3.50
214-A 2,000 @ 70 ma Qa0 A SYRUP 3.50
*214-A 5,000 @ 40 ma 1150 A ROWEL 3.50
*214-A 10,000 28 ma 1250 N RUMOR 3.50

" Enpplied with linen-phenolic protecting strip.
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TYPE 471 AND TYPE 314

Type 471-A. A high grade unit suitable for use in high- Maximum Dissipation: 12 watts
npe , Winding Length: 67¢ inches.
Useful Angle of Rotation: 300°,
Shaft: g-inch phenolic.

Knob: Tyre KNSP-S.

Net Weight: S ounces,

1 (l:t:n:n:_{t‘ or 1“"

r nen nolie.
a precious metal alloy

3 MTG. HOLES
—%25 DRILL ON
78" RADIUS

i

TYPE 314

TYPE 47|

Wacinim Marimum A pproe,

T'ype Resistance (Current Turns Wire Code Word Priv
'471-A 10,000 & 35 ma 930 N ERECT $7.00
471-A 20,000 25 ma 1200 N HUMAN 7.00
*471-A 50,000 15 ma 1420 N ERODE 7.00
471-A 100,000 :: 10 ma 1600 it ERUPT 7.00
*471-A 200,000 :: S ma 1940 |14 ESKER 7.00

* Supplied with linen-phenolic pr

Type 314-A. Simil

ilar to Ty

that the winding form is narrower,

secting strip.

pE 471-A In every respect

Maximum Dissipation: 8 watts,

exeept Knob: Tyre KNSP-S.
Net Weight: 6 ounces,
Varimum Waximom A pprox,

Ty HCE Current Turns Wir Code Word Pr
*314-A 1,000 W s B9 \ DIVAN £5.25
"314-A 2,000 153 ma St A ENEMY 5.25
*314-A 5,000 u 10 ma 1100 A ENJOY 5.25
"314-A 10,000 1 28 1250 N MYER 5.25
"314-A 20,000 u 20 ma 1500 N ENHROL 5.25
*314-A 50,000 13 ma 1640 R DONAX 5.25
'314-A 100,000 « i ma 2000 It DONGA 5.25

Supplied with linen-phenolic protecting strip.

GENERAL RADIO COMPANY
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PARTS AND ACCESSORIES

TYPE 942-A OUTPUT TRANSFORMER

USES: This transformer is designed primarily
as a versatile output transformer working at
high power levels with minimum distortion.
Its four primary windings and two pairs of
secondary windings ean 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
radio transmitters, and for general use as a
high level matehing transformer, either step-
up or step-down.

DESCRIPTION: The high-quality toroidal core
carries eight individual windings, four identi-
al  duplex  (semi-cirecumferential)  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 current 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 connected in series-
parallel (1650 Q) two degrees of coupling can
be obtained:

Tight coupling — each half of the pri-
mary covers complete circumference, mini-
mizing switching transients occurring in
conventional push-pull Class-AB operation.

Loose coupling — each hall of the pni-
mary is on a separate semi-circumference
of the toroid, which minimizes capacitance,
thus extending the high-frequency range.

> Terminal connections to obtain various im-
pedance ratios are indicated on the case, based
on G600 2 with primaries in sevies, the value
conventionally recommended for G6LG tubes
in push-pull operating Class AB.

> Primary windings can be separated as re-
quired for the recently developed push-pull
single-ended amplifier output stage.®

*A. P. G, Peterson and DD, B, Sinclair, “A Single-Ended Push-
Pull Audio Amplifier”, Proc.IRE, Vol. 40, pp 7-11, January, 1952,

SPECIFICATIONS

Higli-frequeney  characteristiecs  of  the
Tryee 942-A Output Transformer.

Frovee 1.

Primary Impedances: 6600 et, 1650 et, or 413 oliuns.
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,
12.80, 17.70, 25.75, 28,16, 35.4, 51.6, 70.8, 103.2, 112.6
141.6, 206.2, 283.2, 413, 825, and 1650.

Frequency Response: See figures 1 and 2 above,
Distortion: 1“7 at nowminal impedance and continuous
rated power above 30 eps.

Power Rating: 90 watts continuous for amhbient tem-

perature of 35° C with no d-¢ in windings. With d-c,
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FREQUENCY

Over-all frequency characteristies of the
transformer,

Ficure 2.

rating must be reduced s0 as not to exceed allowable
]]f}\\'[‘!' ll KRS,

Allowable Power Loss: 8 watts for 30° C rise over
ambient temperature,

Maximum Transformer Temperature: (5% (',
Copper Efficiency:

Winding Ri /%
Primary 0.046 where 7 is
4 or 16 2 See., 0.062 101 | souree
8 or 32 Q See. 0.066 or load imped-
Compaosite Sec. 0.034 ance.

RADIO COMPANY



Coupling Coefficient:
Leakage

ii'?.'.uding Tndduelance (]-T‘J)

Half Primary to Half Primary 2.5 mh 0.00047

tight coupling
Half Primary te Half Primary

loose coupling 58, mh 0.00097
IPull Primary to 4 or 16 & Sec. 15.0 mh 0.00075
IFull Primary to 8 or 32 Q2 Sec. 14.2 mh 0.00059
Ifull Primary to Composite See, 6.4 mh 0.00027

{Leakage inductance referred to primary. Coupling
coefficient, 7, measured at initial permeability.)

Type

942-A

PATENT NOTICE. Sec Note 1, page vi,

. Toroidal Qutput 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 ease.

Dimensions: (lleight) 3%f inches x (Dinmeter) 514
inches.

Net Weight: 7 pounds.

Code Word Price

$59.00

TRANTORDOG

TYPE 947-A TOROIDAL TRANSFORMER

USES: T'his transformer is designed for use as
an impedance-matehing or bridging trans-
former in low-level 600-ohm communication
circuits. 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-
cirecumferential 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. T'wo 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 314 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

Impedance Range: See Table 1.

Frequency Range: See Table L.

Initial Inductance: Inner windings, in series, 5 to 6
henrys; outer windings, in series, 20 to 24 henrys,
Voltage Matching: 1-2, 3-4, better than 0.159;. 5-6,
7-8, better than 0.075%7.

Operating Level: See Tuble I1.

Distortion: See Table I1.

Resistance: Inner windings, in series, 9 ohis; outer
windings, in series, 34 ohms.

Dimensions: Aluminum ecase, 3% x 334 x 134 inches.
Mounting blocks project % inch bevond ease in 314 inch
dimension,

Mounting Dimensions: 3%¢ inches on centers, Mount-
ing holes are drilled for eclearance with 10-32 machine
SCTCWS,

Net Weight: 1319 ounces.
Type
941-A

| Toroidal Transformer........

» Connection diagrams for various impedance
and frequency ranges are printed on case.

TABLE |
Terminating
Tmpedances Frequeney for Flat [ nsertion
_ —— Q ! db drop Loss Less than
600 | 9600 80 ¢ — 100 Ke 0.3 db
GO0 2400 | 20 ¢ — 135 Ke 0.2 db
GO0 2400 80 ¢ — 340 Ke 0.2 db
GO0 600 20 ¢ — 200 Ke 0.1 db
150 600 5¢ 50 Ke 0.7 db
150 GOO 20 ¢ 200 e 0.2 db
37.5 60O de— 50 Ke 0.8 db
TABLE Il
__ Repet @ titi-cyele
Watls - el ) ren-s “E‘@_’{””’
1.26 31 [ <19,
1 30 <0.59%
0.5 27 <0.29%
0.0:52 15 | <0.1%
) Code Waord Price
....... | TRANTORCAT | $38.00
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TYPE 1428 VARIABLE AIR CAPACITOR

USES: The Tyre 1428 Variable Air Capacitors
are well-designed, rugegedly constructed, 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 plates soldered into single units and
nickel plated. Rotor is mounted in specially
designed, self-aligning ball bearings, which are
mounted on metal endplates, rigidly supported
In‘\‘ four metal corner rods. Stator supports are
small ceramic cones. Rotor is insulated from
34-inch steel shaft by two low-loss thermo-
plastie collars,

FEATURES: > Rigid construction and self-
aligning  ball  bearings  assure  mechanical
stability.

> Soldered plate construction keeps ohmie
resistance low.

> Insulated rotor and stator make the capaei-
tor usable as either a 3-terminal or a 2-termi-
nal element.

> Capacitance from stator to frame and from
rotor to frame has been kept low.

> Counterbalanced rotor.

SPECIFICATIONS

Capacitance Range: Three unmounted models and one
“:'I‘.]]Fli‘i! model re histed below,
Calibration: The Tyrr 1425-BM
reading in eapacitance to
Plate Shape: Semicireular straight-line capacitance
plates on all models.

Dielectric Losses: The figure of merit DC (dissipation
factor times eapacitanee) is approximately 0.02 puf for

a dial direct-
).

=(17 +

all types.

Supports: All models have metal endplates with small
eeramie cones stupporting the stator, The rotor is insulated
from the shaft by two low-loss thermoplastie eollars.
Maximum Voltage: 1100 volts peak for Type 1428-A,
and 700 volts penk for all others,

Nominal Capaeiltance Rotor Grounded

g-ineh solid steel shaft on all models.

Shaft: ?
Drive: No knobs or drives are supplied e
Tyre 1425-BM which has a direct-reading I
Terminals: Soldering lugs on unmounted models; stand-
ard j:u'ii—!rnp binding posts on mounted model.

pt on the

Mounting: Tyre 1428-BM is mounted on an aluminum
panel in a shielded ecabinet. All other models are un
mounted. Rotors on all models are counterbalanced.
Dimensions: Tyer 1428-BM monnted model, 5% x 514
i“f'il"n. X r.”l“'i[_":'ltj .r- i:ll']ll“. ”\'l‘."—:l“. |-".]'|l”’“l'||‘l] rll’J’ll'i"'\.
see accompanyving sketeh,

Net Weight: Tyres 1428-A and -B, 234 pounds; Tvyer
1428-C, 314 pounds; Tyree 1428-BM, 814 pounds.

Nominal Maximum
Capacitance to Frame

Typi Vo inm Minimum

Rotar Statar

Code Word Price

1428-A 550 ppf
1428-B 1100 ppf
1428-BM* 1100 ppf 22 ppf
1428-C 2100 ppf 29 ppf

*Cabinet-mounted model with dial direet-reading in eapacitance

20 ppf
20 ppf

232

15 ppf
15 ppf

18 ppf

12 |.Lp.f | camew
12 ppf CALLE
CRISP

16 ppf CREST

| $30.00
35.00
' 70.00
43.00

Mounting dimensions for
Tyre 1428 Variable Air

Capacitor.
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TYPE 119 RADIO-FREQUENCY CHOKE

This ehoke is useful in vacuum-tube circuits
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. Tyrr 119-B uses a dust-type
core. The coil is mounted in a molded phenolic
housing which is effectively sealed against
moisture penetration,

FEATURES: > There 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 can be used at frequencies as high as
10 megacyeles,

T iy Indvwetanee
119-A | Radio-Frequency Choke.. 0.25h
119-B | Radio-Frequency Choke.., 0.5 h

> The use of an iron-dust core in Tyer 119-B
makes possible a high-inductance unit with
very little inerease in capacitance and resist-
ance. The capacitance and conductance of
of the Typrr 119-A as a funetion of frequency
are shown on page 99.

Accuracy of Inductance: +207.

Maximum Current: 60 ma,
Net Weight: Tyvee 119-A, 215 oz.; Tyer 119-B, 3 oz.

{a=1
Capacitane: e \JI\"Jf.!rr'r Code Word ,"r.ﬁ_w
4 ppf 450 © IMAGE $3.35
5 ppf 450 @ IMBED 4.25

FRICTION-DRIVE AND DIRECT-DRIVE DIALS

These dials are attractive in appearance,
with aceurate, photo-etehed seales, and are
intended for uses where precisely cut scales
and precision drives are not needed. Dial
plates are of aluminum, with anodized finish.

The smallest dials, Tyer 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 disc. 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 eccentrie
manner so that the tension of the drive can be
easily 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 setscrews separated
by 90°, and are supplied bored to receive a 34-
inch shaft. Bushings are provided so that the
dials can be easily arranged for mounting on
Li-inch shafts.

The indicators shown in the photographs
are designed to remain flush with the surface
ol the dial. thus eliminating parallax and ab-
sorbing any slight eccentricities of the main
shaft. The indicators, necessary mounting
serews, drive knobs, and drilling templates are
furnished with the dials.

901-LD

902-HF

902-HD

ONE-HALF ACTUAL SIZE

GENERAL RADIO COMPANY 233
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904-JF

ONE-HALF ACTUAL SIZE

Dia Vel ol
Ty Are Divisions Drivi Weight Word Price
> 4-INCH DIAMETER — TYPE 904 DIALS
904-HD 180 100 Direet H oz, DIPAL $3.25
904-JD 270 200 Direet 5 oz. DIPOD 3.25
904 -HF 180 100 Frietion, 5 : 1 S ooz, DIPEN 4,25
904 -JF 270 200 Frietion, 5 : 1 S 07, DL 4,25
> 2%-INCH DIAMETER — TYPE 902 DIALS
902-HD 180 100 Direet 214 oz. DIMAP $2.75
902-JD 270 100 Direet 215 ox. DIMID 2.75
902-HF 180 100 Frietion, 3.3 : 1 1 oz. DINMOR 3.75
902-JF 270 100 Frietion, 3.3 : 1 1 oz, DIMEG 3.75
> 2-INCH DIAMETER — TYPE 901 DIALS
901 -HD 180 100 Direet 2 oz DILOG $2.75
901-JD 270 100 Direet 2 vz, DILAT 2.75
9201-LD 360 100 Direct 2 0z, DILID 2.75

PATENT NOTICE,

See Note 13, puge vi

TYPE 907 AND TYPE 908 GEAR-DRIVE PRECISION DIALS

The Tyee 907 and 908 Gear-Drive Precision
Dials have aluminum dial plates with anodized
finish. Seales are imdividually engraved on an
automatie, self-indexing engraving machine.
The fine, radial, accurately located lines divide
the complete circumference into 360 divisions
numbered from 0 to 360,

Settings can consistently be duplicated to
one-fifth of a division, allowing a precision of
resetting of better than 0.069, of full scale.
Parallax is eliminated by the use of an indi-
eator that always remains flush with the sur-
face of the dial, and which at the same time
absorbs, through the flexibility of its mount-
mg arm, any slight eccentricities of the main
shaft.

234 GENERAL

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 2¢; inch.

The main dials are set permanently and
.-l'l'11|'t'|_\' to thewr shafts I}H‘-nmii the use of

two  set-screws 90° apart; this procedure

RADIO COMPANY



Typre 907-LA Precision Dial

climinates any dial backlash which might
otherwise oceur. The dial hubs are bored to
receive a #¢-inch shaft, but a split bushing is
provided for use with Y4-inch shafts, The

360-division dial plate is held by three screws,

PARTS AND ACCESSORIES

Tyre 907-LB Precision Dial

and can be easily replaced with other -inch
dial plates such as the T'ype 901 (page 234).

The dial indicator, knob, and all necessary
mounting parts are supplied, as are complete
drilling and mounting instructions,

Dial Max. Panel Total Net Caode
Type Mounting Are Divistons Tlhickness Panel Area Weight Word Price
> 4-INCH DIAMETER GEAR-DRIVE PRECISION DIALS
907 -LA Front-of-Panel 360 | 360 4xdinches | 1loz | prran | $10.50
907 -LB Back-of-Panel 360° | 360 3 inch 4 x 5 inches 11 oz, | bprror | 10.50

> 6-INCH DIAMETER GEAR-DRIVE PRECISION_DIA_LS

908 -LB Back-of-'unel 360"
PATENT NOTICE:, Sce Note 13, page vi,

908 -LA |-‘r-..m-1.1'-l'nm»l‘ 360" ‘ 360

Tyre 908-LA Precision Dial

360 345 inch

6 x 7la inches | 21 oz,
6 x 74 inches | 19 oz,

DIVAT 514,50
DIVIM 14.50

Tyre 908-LB Precision Dial
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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-
screws spaced 90° apart, except in Tyre
KNSP-6, which has 135° spacing. Type

KNB-1 has single set-screw.

TYPE KNB-1 1%4-INCH SKIRT DIAMETER —
WITH BAR

Bar-type extension makes knob especially con-
\'t]n}icnl. on switches. Molded pointer is filled with
wiite.

Code Word: Barkxosoxe Nel Weight for 5: 334 oz.
20-  200-  400- 2000

5*-19 199 399 194949 up

Unit Pricet| $0.65 | $0.55 | $0.52 | $0.49 | $0.47

TYPE KNB-2 1%-INCH SKIRT DIAMETER—
WITH BAR
Lavger bar type with pointer,
Code Word: BARKNOBTWO Net Weight for 5: 6 oz.
20- 200~ 100- 2000
o 5*-19 109 309 1999 up
Unit Pricet| $0.75 | $0.65 | $0.61 | s0.58 | $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
519 199 399 1999 up

| $0.60|$0.50| $0.47 | $0.44| $0.42

Quantity

Quantity

KNSP-6 or KNS-6

Code Words:
KNSP-6, NurLyoBsix; 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

1$0.75|$0.65| $0.61| $0.58| $0.55

KXNSP-8 or KNS-8
Code Words:
INSP-8, nurexonate; KNS-§, NURLNOROAF

TYPE ZKNU-3 1'%¢-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 useful with slow-motion drives,

Code Word: sPINNOBTRE Net Weight: 284 oz.
Unit Pricet $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
5719 199 399 1999 up
KNSP-10 or KKNS-10 | $1.05/$0.95| $0.90|$0.85| $0.80
Code Words:
KNSP-10, NurLyosTEN; KNS-10, NURLNOBORB

TYPE KNS-12 273-INCH SKIRT DIAMETER—

WITHOUT POINTER

Code Word: xurwLNonpoz  Net Weight for 5: 17 oz.

. 20- 200- 400- 2000

Quantity 5419  Jo0 309 1999 up

Unit Pricetl $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 Tyre KN Fluted Knobs are shown approximately

three-cighths actual size in the photograph.
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PARTS AND ACCESSORIES

TYPE 938 BINDING POSTS

BASIC PARTS

Bright-Alloy-plated metal parts
938-A

(metal top)

14" square anti-rotational flange

Captive fluted clamp nuts

938-D

(red t
red top) Polystyrene insulation with

Bright-Alloy-plated brass insert

938-C

(black top) _ _No, 6-32 stud

Soldering turret
Bright-Alloy plating facilitates tinning

PATENT NOTICT. Sce Note 21, page vi

Liipe

Bright-Alloy- ~ Captive link for e
pk?,,d ML/ NI 933-A | Metal-Top B. P.
or disconnecting 938-C | Black-Top B. P.
: binding posts 938-D | Red-Top B. P..
" mounted on 938-BB  Black Ins. (Pair)
= TAl 938-BR Red Ins. (Pair)

938 L A oenlers. 038.F Sitidns ’
938-L | Shorting Link .|

TYPICAL ASSEMBLIES

30 ampnres'. peak
10,000 volts
peak breakdown

Dissipation
fadtor=
0.0005
at 1000 cycles

— b—34min
METHODS OF CONNECTION

Banana plug
stabilized by
clamp nut
when folly
inserted

-~

For metal-
top binding

Clamps all post only

wire sizes
up te Ne. 10
without
culting

Plug enters
binding post
body, assuring
contact even
when nut
is loose

MECHANICAL DETAILS
5/8 DIA.

3/32

5/32 to
15/16

@"-Q

/"“\Poiystyrene hollowed to

minimize solid dielectric

Interlocking bosses permit
mounting on panels of zero thickness

Anti-rotational key slot
14" squdre anti-rotational socket

938-BR

(red) -
Bright-Alloy-plated brass

144" square anti-rotational socket

938-F \.__:.'Allli-roli:ilicinul tue)h

Unit Pricest  100- 1000 SO0 10,000

Code Waord 10%=09 994G 19404 DUHY 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
STANIFARAUK 0.15 0.13 0.12 0.115 0.1
STANPARATE 0.15 0.13 0.12 0.115 0.11
STANPARBON 0.025 0.02 0.02 0.02 0.02
STANPARBET 0.10 0.09 0.085 0.085 0.085

Ty e Code Ward
938-P Metal top, 938-F Spacer | STANIARDOT
938-W Metal top, black ins. . STANPARANT
938-WB | Black top and black ins, STANPARBAN
938-WR | Red top and red ins. STANPARCUH

{‘;,r'.’ ‘f‘r-;}‘.-gf 10— 1O00)= IS 10,000
fr,r;n 10=-44a G 14404 G 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
alligater
clip fits
inside
jack top
of all
binding
posts

__E —em—— S——

Standard

telephone
tip

'Spade terminal
with 14"
throat will
cdlamp under
nut

Oto 5/16
-.l |/8 MAX,

.sl«

3/4 DIA
-HOLE
l'IO
METAL OR
INSULATING
PANELS

~
¥

9/32 DIA.

L%,? L_ 1/4 DIA.

Locking keys in ">,—1!1L'.}L quLt:ltin;_; holes ean be omitted if locking feature is not wanted.

GENERAL RADIO COMPANY
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PARTS AND ACCESSORIES

PLUGS AND JACKS

Tyre 274 Plugs and Jaeks, oviginated by General Radio in 1924 are almost universally used in eleetronies and
communicutions laboratories lor conneeting cquipment in (emporary or semi-permanent setups and for eonneet-

ing plug-in elements in tuning systems and other laboratory instruments. All Tyee 274 Plugs and Jueks are rated
at 15 amperes. For insulated single and double plugs, sce page 228,

Quantity
10*-99
1009949
1000- 1949

4

™ _0435"
H/Diu.

Quantity
10599
100411
10001999

Quanlity
10*-99
100-999
10001999

TYPE 274-P PLUG
Banana plug, nickel-plated brass
stud, bervllium-copper spring. Fur-
nished with nut and soldering lug.

Code Word:

2000-19,9949

TYPE 274-X PLUG
il Similar to Typre
but with tubular rivet head.
Code Word:

2000-19,94099

TYPE 674 JUMBO PLUGS
AND JACKS

- i Heavy-duty parts, designed for
STANPARCAT 35 amperes. Similar in design to

Unit Pricef Tyre 274, but lilI'L’_t‘['. Ni{"’{l‘iwlll.'lh'll
$0.125 brass, with beryllium copper springs
.105 Nuts and soldering lugs included.
.087
085 TYPE 674-P JUMBO PLUG

Code Word: STANPARAPE

s ) . 10%-99 . . $%0.25 each

i O B ¥ e ]

274-P, (above) 100-199 .24 each
200-0949 .225 each

STANPARTIX

Unit Pricef

TYPE 674-J JUMBO JACK

$0.085 )
067 Code Word: STANPARAYE
061 10%-99 $0.22 each
0575 1001494 .21 each
200-4994 .20 each

TYPE 274-U PLUG

Plug with
Jack top accepts Tyre 271 Plug,
Code Word:

1428 threaded stud. TYPE 938 JACKS
STANPARGOT

Unit Pricet A jack and jack assembly Ilr-"lu_;:

$0.20 'I_'\‘N: O38-B13  Insulators, Jack is
175 similar to T'yre 274-J Jack, but
165 with longer shank. Fits Tyre 274

|’|!1-_1:~‘

TYPE 274-5B SHORT-CIRCUIT
PLUG

Handy for shorting two terminals.

Consists of two Tyre 274-U Plugs

TYPE 938-J JACK

Code Word: STANPARACT

Quantily
10*-99
100999
1000-1999

connected in_\' Two ;ll:lT:-sl links,
Code Ward;

TYPE 274-) JACK

Jack, to
Nickel-plated brass,
Code Word:

2000-19,999

Quantity Unit Pricef

STANDPARZIP }“' 99 $0.25
00 949 23

ce: $0.7
Frice: $0:2% 10001999 215

TYPE 938-X JACK
ASSEMBLY

STANPARART

fit Tyrr 274

Plugs,

STANPARTOP

Unit Pricef

Code Waord:

$0.075 Quantity Unit PriceY
0495 10*-99 $0.40
0468 1004134 .36
044 10001499 .335

TYPE 938-Z REPLACEMENT BINDING POST INSULATOR

Black Polystyrene 14" square
anti-rotational
socket

© ©)f =
s

938-Z

Fits Type 938
Binding Posts

238

The Tyre 938-Z Insulators fit the Tyer 938 Binding Posts, as well as the
obgolete Typr 138 Binding Posts, Since, in addition to the above, the Tyre
038-7 insulators mount in the same (157 diameter) holes as the obsolete Tyre
274-Y and Z insulators, they serve as replacements for the Tyre 271 insulators
or to mount Tyee 938 binding posts in place of Tyre 138 binding posts.

Pricet per porir
o= ]l_ll.l- - 1_|'i|m SHMD 1OL000
Type Code Warid a9 990 1994 aaa9 up
938-Z | Insulator STANPAKHOD | $0.175 | $0.165 | $0.155 | $0.145 | $0.14

*Minimum quantity sold. {Net prices. No [urther quantity discounts,

GENERAL RADIO COMPANY



PARTS AND ACCESSORIES

PATCH CORDS
TYPE 274-NCO PATCH CORD yr—

The Typr 274-NCO iz a three-foot shielded lead
terminated with Tyre 274-MB double plugs.

- Ty pr Codde Waprd !_’:m
274-NCO | Patch Cord..... [ seaxprarzoo | $3.50
TYPE 274-NEO PATCH CORD

The Tyer 274-NEO is a shielded lead, three feet
long, terminated with Tyre 274-ND shielded double
plugs which are permanently attached.

Tupe Code Word Price

_2?4-NEO | Patch Cord..... | STAPLUGEYE | $5.00
TYPE 874-R21 PATCH CORD

The Typer 874-R21 Pateh Cord consists of three
foet of flexible, single-shielded coaxial cable with a
nominal characteristic impedance of 50 ohms. It is
terminated with Tyrr 874-C58 coaxinl connectors,

T Code Waord Price
|

874-R21 | Pateh Cord.....| COAXHUNTER |  $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 shiclded
coaxial eable three feet long, with one end terminated
in a Tyre 274-ND Shielded Double Plug and the
other in a T'yre 874-C58 Coaxial Connector,
J.I'I.thr Code Ward Price
B74-R32A | Patch Cord..... | COAXFITTER | $5.50
PATENT NOTICLE. Sce Notes 3 and 4, page vi.

BASIC PATCH CORD

50 2 Characteristic Impedance  Tinned Copper Braid 3400 v. peak, breakdown

: " 1200 v. peak, ratin
3 amperes peak, raling J16°d Black P ng RTMA Standard

Vinylit
e f\-m‘mm"le"e ;I}h- T 4 Telephone Tips
N —

== = Bright-Alloy-

] GWG 20 E ol plated b
9Sppf ’ Stranded Tinned ‘ o/ed |:'cme rm“
ol s fr— onnect to

Pigtail 3" long 27 4-NF Binding Posts
l—-ﬁ 3 feet &—I

Directly

The Tyrer 274-NF Pateh Cord is the basie unit of
an extremely versatile system of connectors. Using the
adaptors and plugs on the following page, connections
can be made to General Radio Typr 874-Coaxial
Elements, General Radio Tyree 938 Binding Posts and
General Radio Tyer 938-13 Clips. Army-Navy type
N, BNC, C, HN, and UHF coaxial connectors, and
VI and UHFE transmission lines are all accom-
modated through the Tyer 874 Coaxial Adaptors on
pages 135-138. These connections can be made with
a minimum number of units, permitting maximum
flexibility from a given pateh cord and connector as-
sortment,

The drawings at the right indicate how the Tyre
274-N1" Pateh Cord is attached to the Tyre 874-Q6
Adaptor, Tyer 838-B Alligator Clips, the Tyre
274-MDB Double Plug, and the Typr 274-N1 Shielded
Double Plug.

Tupe Code Ward Price
274 -NF Patch Cord

.................................... | STANPARGAG . $2.00

GENERAL RADIO COMPANY 239



PARTS AND ACCESSORIES

CONNECTORS AND ADAPTORS

5 Rating: Fits Teleph Ti
274-MB Polys'ymn;-l]/zr— _ its Telephone Tip

15 a. peak,
it |——I-5/I6-| 1000 v. peak, N . ’ 15 a. peak;
e T Breakdown:

23,000 v.
Hizie  peak

Polystyrene

Polorily/

Indicator _l_

__| 3/4 ;__ Diss. Facto
0.8ppf < 0,0005

at 1 ke.

Type
274-MB Double Plug. ....oovuvinns

274-DB1 Insulated Single Plug (black)..
274-DB2 Insulated Single Plug (red) ...

838-B Alligator Clip. . .ovvvuun..
*Minimum ¢ a mntity sold.
tNet: no further quantity dizseounts,

274-ND P/oluniy Indicator
Ealsng

Die-Cast ]5 a. peak,

Aleminvm 2800 v, peak
e 2 Breakdown:
67m k
Black Yonos
Poinrrrm
Iluuldlion D;n Factor
< 0,0005
2. 59;-1 at1ke

240 GENE

Set Screw rating

rating
Clamp

v
274-DB] 274-DB2 838-B
J (black) (red)

Brass
Nickel-Plated’

[nit Pricet

-4 1004 1) 200 LLRLRIR)

Code Word 194 R U
i STANPARBUG £0.65 $0.55 $0.52 $0.49 £0.47
STAPLUGANT 0.50 0.40 0.38 0.36 0.34
STAPLUGARC 0.50 0.40 0.38 0.36 0.34
i STANPARNIP — 0.15° 0.14 0.13 0.12

TYPE 274-ND SHIELDED DOUBLE PLUG

The Tyee 274-N 1) Shielded Double Plug permits complete shielding
of svstems using Tyee 938 Binding Posts (3;-inch spacing). W ln o1 1[ i-'
unit is plugged into a pair of Tyre 938 Binding | the metal «
extends down toward the panel to provide effective shieldn ;_’ G :] ]1
entrance to the cap is from either side, and polarity indieation is provided.
It fits the termination on the Typrk 274-NF Puatch Cord (page 239),

Tupe Coule W o Price
274-ND Shielded Double Plug........ STAPLUGBOG $1.50

TYPE 874-Q6 ADAPTOR

The Tyre 874-Q6 Adaptor is designed to (it the fermination of the
Tyrr 274-N1 Pateh Cord deseribed on the preceding page. 1t is the
necessary link for 1'!\I1|§i1:'t1~ interconnection of the Tyre 874 Coaxial
Flements with other svstems of connectors. The couxial elements are
deseribed on pages 122 1o 139.

Tupe Code Word Price

874-Q6 Adaplor. cssavsssesssssssnn 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 Radio a-c operated
instruments. A high-quality, durable conneector, designed for rugged
service. Cord is 7 feet long, consisting of two No. 18 stranded conductors,
rubber covered. Plug and connector bodies are molded in rubber direetly
to the rubber sheath of the cable.

Type Vel Weight  Code Word Price

CAP-35 Power Cord, ,..... 8 oz. CORDY $1.75

RAL RADIO COMPANY



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 ean be used to make the caleula-
tion, but the process 15 laborious. A chart with
which the ecaleulations ean be made graph-
ically with very little effort has been devised
by . H. Smith' and is known as the Smith
chart. In many cases valuable information
can be gained by dirvectly plotting a series of
measurements on the chart. In addition to the
application indieated above, the chart can be
used to determine the VSWR corresponding
to any impedance and to convert from imped-
ance to admittance and vice versa. This chart
is very useful for measurements using the
Typrr 1601-A V-II-T Bridge, Tyrr 1602-13
U-H-I" Admittance Meter, and the Tyrg
874-1.B Slotted Line.

Smith charts are usually drawn with
normalized impedance coordinates, so that
they can be used with lines of any impedance,
IFor work at a single characteristic impedance,
reading directly in impedance or
because it

a chart

admittance is more convenient

! Eleetronies, Vol 17, No. 1, pp. 130=-133, 318-325, January 1944,
T_-xm

Smith Chart — Admittance Coordinates . ...
(20-millimho Characteristic Admittance)

Smith Chart — Impedance Coordinates . ........

(50-ohm Characteristic Impedance)

Smith Chart — Normalized Coordinates. ......

s s e s
|

SMITH CHARTS

ADMITTANCE  COORDINATES —20-MILLIMHO CHARACTERISTIC ADMITTANCE

eliminates the normalizing operation. Three
forms of the Smith chart are available,
one with normalized coordinates, one with
impedance coordinates  (50-ohm  character-
istic impedance), and one with admittance
coordinates (20-millimho charaecteristiec ad-
mittance). The 30-ohm characteristic imped-
ance (20-millimho characteristic admittance)
is common to all General Radio coaxial
ecquipment, Charts are printed on  thin
815" x 11" paper.

Several copies of the appropriate chart are
[urnished with the Tyrr S74-LB Slotted
Line, the Tyrr S874-UB Balun, the Tvyre
1601-A V-H-I" Bridge, and the Tyrre 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

50 $2.00

100 3.00

250 6.25

500 11.25

1000 20.00

2000 37.50

Code Word Prici

ADMITCHART See Above
5858 IMPEDCHART See Above
S NORMACHART See Above
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REACTANCE CHARTS

Figure 1 before using Figure 2
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APPENDIX

A CONVENIENT

INDUCTANCE CHART FOR

SINGLE-LAYER SOLENOIDS

The chart on the next page i uzed for determining the
en induetance
o a given windinge form. The ehart Below is plotted feom
standard winding data published by wire nmanoefacturers

mmbier of turns necessary to obtain o giv

aned is used to determine the wire size.

The variables are &, the number of turns, and f o the
ritio of winding length to winding diameter, The retio of
i!u]tlt't:t:u'l: [ ] -li.".rlll'ft'!' l'-l' \\'irlr]ir."_t L iw used as H

pre

The eurves were computed from the expression given
in Cireular 74 of the UL 3. Burean of =tand: which,
uzing the terminology of the chart, may he written,

02508 itz

where L= the induetanee in ph, &K= Nagaoka's constant,
and o and [ are in inches,

Ior o given induectance the number of turns is then,

AOGe )

This form of the ex)

Deenuse, in designing end

ression 1= particulaely eonvenient

. the engineer usunlly starts with

a given enil form (0 o known) and needs o given induet-
anee Lo (L d ensily ealeulated),

TURNS PER LINEAR INCH.

Sinee Naguoka's eonstant depends on the ratio §/d,
the use of this ratio for the horizontal seale makes all the
e ||.‘||':|||r-|_ <o that, in plotting them, only one curve
need be ealenlnted. The others ean be drawn from w0
IOII'.;-|.'II‘I'.

For interpolating between curves, a logarithmie seale

covering one decade of L d is shown at the right of the

chart.

EXAMPLE

As an example of the use of these charts, consider the
problem of designing o eoil of 100 gh induetanee on a
winding form two inches in diameter, with an available
winding space of two inches. The quantity {/d is unity
and L i= 50, Entering the chart at £/d = 50 and follow-
ing down the eurve at the vertieal line [/'d = 1, woe find
that r, as indicated by the left hand wvertieal seale, is

34 turns.

With o windi
to 27 turns per linear ineh, elose wound. The seeond chart
shows that No. 18 enam single-silk-, No. 20 double-
22 double-eatton-covered
No. 25 bure \\‘jl'(?<

e spaee of twao inches, this is equivalent

zilk-, or single-cotton- or
wire would he used elose wound.
double speieed, eonld ol be azed,

*Radio Instraments and Measurcmenis,” P 252,

i

]
L
| |
35

B&S GAUGE WIRE
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INDUCTANCE CHART

i

Write for Enlarged Copies of These Charts
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APPENDIX

DECIBEL CONVERSION TABLES

It 18 convenient in measurements and cal-
culations on communications systems to
express the ratio between any two amounts of
electric or acoustic power in units on a
logarithmie scale. The decibel (1/10th of the
bcl) 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 a
similar manner the corresponding acoustical
quantities can be compared.

Table I and Table II 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 cwrent 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 P, and P, is

v Py i
N db = 10 lt)gw .T)_ tl)

When two voltages Fy and K. or two cur-
rents /7, and I» operate in identical impedances,

Na = 20log ! @)
. I .
and Na = 20 log T (3)

If £y and Es or I and I operate in unequal
impedances,

J\"db = 20 l“gm :?% + 10 lUglu /;3
b

Z
: ki
+ l(} l(}gm },‘—‘: ('i')
5 1 A
and N ab = 20 l()gm }—: + 10 ltiglq%
+ 10 ]Obmi [5)

where Z; and Z, arc the absolute magnitudes
of the corresponding impedances and k; and k,
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
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an be used to evaluate the impedance and
power lactor terms, sinee¢ both are similar to
the expression for power ratio, equation (1).

Neper — The number of nepers N, corre-

){)
3 . |
sponding to a power ratio —-1is

P
- 1 P g
Niay = 5 log, 1.,; (6)
5 . f’;1 * 1
For voltage ratios — or current ratios —
Eg f‘z
working in identical impedances,
. r o
Nuep = log,. ?—-1 (7)
- !
and Ny = log. =
. [2

When £, and E. or I, and I operate in
unequal impedances,

. g L, Z k.
N nep }0}36 f' + § IUt.e Z + 2 IU,..:- f.' (&)
and
g I 1 VA ky
Ny = h)‘l"cl—g - 5 log. 7 T 5 l(lf..b T (9)

where Z, and Z, and &y and Ly are as in equa-
tions (4) and (5).
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DECIBEL CONVERSION TABLES

RELATIONS BETWEEN DECIBELS, NEPERS,

Multiply By
decibels, . ., .. 1S
decibels, .. ... 1.056
miles of standard eable 047
miles of standard cable S109
NePers. . ..... N G86
nepers. ... ... i 9.175

AND MILES OF STANDARD CABLE

To Find

nepers
miles of stundard eable
decibels
nepers
decibels
miles of standard eable

l

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES

Values outside the range of cither Table I
or Table Il on the following pages can be

TABLE I: DECIBELS TO VOLTA

Number of decibels positive (-4): Subtract
+20 decibels successively from the given
number of decibels until the remainder falls
within range of Table 1. To find the voltage
ratio, multiply the corresponding value from
the right-hand voltage-ratio column by 10
for each time you subtracted 20 db. T'o find
the power ratio, multiply the corresponding
value from the right-hand power-ratio column
by 100 for each time you subtracted 20 db.

Example — Given: 49.2 db.
49.2db — 20db — 20db = 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 » 100 = 83180 — 49.2 db

readily found with the help of the following
simple rules:

GE AND POWER RATIOS

Number of decibels negative (—): Add +20
decibels suceessively to the given number of
decibels until the sum falls within the range
of Table 1. For the voltage ratio, divide the
value from the left-hand voltage-ratio column
by 10 for each time you added 20 db. For the
power ratio, divide the value from the left-
hand power-ratio column by 100 for each time
vou added 20 db.

Example — Given: —49.2db
—49.2 db -+ 20 db + 20 db
Voltage ratio: —9.2 db — 3467
B467 X 1/10 X 1/10
—49.2 db

Power ratio: —9.2 db — .1202
1202 > 1/100 X 1/100 = 00001202 —
—49.2 db

—0.2 db

003467 —

TABLE |I: VOLTAGE RATIOS TO DECIBELS

For ratios smaller than those in table—Mul-
tiply the given ratio by 10 successively until
the produet can be found in the table. From
the number of decibels thus found, subtract
+20 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
2.345db — 20db — 20 db = —37.655 db

GENERAL RADI

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
+20 db for each time you divided by 10.

Example—Given: 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

O COMPANY 247



APPENDIX

TABLE |
: \' z
GIVEN: Decibels TO FIND: Power and { »oM'99¢ | poyios
Current
TO ACCOUNT FOR THE SIGN OF THE DECIBEL
For positive () values of the decib —DBoth voltage For negative (—) values of the decibel—Both voliage
and power ratios are greater than unity. Use the two and power ratios are less than unity. Use the two left-
right-hand columns, hand columns,
Power |} oltage
Example—{(fiven: + 9.1 db. Find: ] _Ha_!!o_ Ratio
+9.1db | 8.128 | 2.851
—9.1db | 0.1230 | 03508 |
—db+ —db+
i -+ <= >
Nz oltage | Power b Voltage |  Power -“Vufruge | Power g O-”:,fff‘ I Power
Ratio | Ratio d Ratio Ratio Ratio Ratio db Ratio | Ratio
1.0000 | 1.0000 0 1.000 = 1.000 5623 | .3162 5.0 1.778 | 3.162
886 0772 1 1.012 1.023 L5559 | .3090 5.1 1.799 3.236
A772 L9550 2 1.023 1.047 0495 L3020 5.2 1.820 3.311
661 0333 3 1.085 1.072 L5433 L2051 5.8 1.841 | 3.388
95560 1 9120 + 1.047 1.096 L5370 | 2884 5.4 1.862 3.467
L9441 | 8918 B 1.059 1.19¢ L5309 .2818 5.5 1.884 3.548
9333 8710 .6 1.072 1.148 5248 2754 5.6 1.905 3.631
0226 8511 T 1.084 1.175 .5188 20602 5.7 1.928 3.715
L0120 8318 .8 1.006 1.202 5129 .2630 5.8 * 1.950 3.802
0016 8128 9 1.109 | 1.230 5070 | L2570 5.9 1.972 | 38.890
8913 7943 1.0 1.122 ’ 1.259 5012 | 2512 6.0 1.995 | 3.981
8810 1762 1.1 1.135 1.288 4955 2455 6.1 2.018 | 4.074
8710 TH86 1.2 1.148 1.318 L4898 L2309 6.2 2,042 4.169
8610 LT413 1.3 1.161 1.349 4842 L2844 6.3 2.065 4.266
8511 7244 1.4 1.175 1.880 AT86 L2201 6.4 2.089 4.365
8414 L7079 1.5 1.180 | 1.418 4782 | 2290 6.5 2.113 4.4067
8318 .6918 1.6 1.202 1.445 4677 2188 6.6 2.138 4.571
8222 G761 1.7 1.216 1.479 4624 2138 6.7 2.163 4.677
8128 LGGOT 1.8 1.230 1.514 4571 2089 6.8 2.188 4.786
8035 45T 1.9 1.245 1.549 4519 2042 6.9 2,213 | 4.898
|

7943 | L6310 2.0 1.259 1.585 4467 .1995 7.0 2.239 5.012
L1852 .6166 2.1 1.274 1.622 A416 1950 7.1 2,265 5.129
762 6026 2.2 1.288 1.660 4365 1905 7.2 2.291 5.248
7674 | .5888 2.3 1.308 1.698 A315 | 1862 7.3 2.317 5,370
J1586 | 5754 2.4 1.818 1.788 4266 | 1820 7.4 2.344 5.495
L7499 5623 2.5 1.884 1.778 4217 1778 7.5 2.871 5.023
7418 L5405 2.6 1.349 1.820 4169 1738 7.6 2.509 5.754
7328 5370 2.7 1.365 1.862 4121 .1698 7.7 2.427 5.888
L7244 .5248 2.8 1.38 1.905 4074 1660 7.8 2.455 6.026
161 5129 2.9 1.396 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
GHO8 L4808 3.1 1.420 2.042 L3936 1549 8.1 2.541 6.457
6918 4786 3.2 1.445 2.089 L3800 1514 8.2 2.570 6.607
6859 AGTT 3.3 1.462 2.138 L3846 1479 8.3 £2.600 6.761
L6761 4571 3.4 1.479 2.188 .3802 1445 8.4 2.630 6.918
6683 4467 3.5 1.496 2.239 8758 | .1418 8.5 2.661 7.079
6607 4365 3.6 1.514 2.201 375 1380 8.6 2.692 7.244
6531 42006 3.7 1.581 2.344 3673 1349 8.7 2.723 7.4138
6457 4169 3.8 1.549 2.399 3631 1318 8.8 2.754 7.586
6383 A074 3.9 1,567 2.455 L3589 1288 8.9 £2.786 7.762
6310 .3981 4.0 1.585 @ 2.512 3548 1259 9.0 2.818 | 7.943
6237 L3800 4.1 1.608 2.570 .3508 1230 0.1 2.851 8.128
6166 .3802 4.2 1.62¢2 2.630 L3467 1202 9.2 2.854 8.318
.6095 B715 4.3 1.641 £2.692 L3428 1175 9.3 2.917 8.511
6026 .3681 4.4 1.660 2.754 3388 1148 9.4 2.951 8.710
L5057 .3548 4.5 1.679 2.818 .3350 1122 9.5 2.985 8.913
L5888 L3467 4.6 1.608 | 2.884 3311 1096 9.6 3.020 9,120
5821 .3388 4.7 1.718 | 2.951 L3278 1072 9.7 3.055 9.883
5754 L3311 4.8 1,788 | 3.020 L3236 1047 9.8 8.090 9.550
L5689 .5236 4.9 1.758 | 3.090 3199 L1023 9.9 3.126 9.772
| I ‘il

248 GENERAL RADIO COMPANY



DECIBEL CONVERSION TABLES

TABLE | (continued)

—db+ —db+
Rl = <= -
Voltage | Power Voltage | Power Voltage | Power db Voltage |  Power
Ruatio ! Ratio db Ratio Ratio Ratio Ratio Ratio Ratio
3162 | .1000 10.0 | 3.162 | 10.000 1585 | 02512 | 16.0 | 6.310 | 39.81
5126 09772 | 10.1 3.199 10.23 1567 02455 16.1 6.353 40.74
3000 | .09550 | 10.2 3.236 | 10.47 1549 | 02399 | 16.2 6.457 | 41.69
8055 | 08383 | 103 | 3273 | 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
2985 089138 | 10.5 8.350 11.22 1496 02239 16.5 6.683 44.67
2051 08710 | 10.6 8.888 11.48 1479 02188 | 16.6 6.761 45.71
2917 | 08511 | 10.7 8.428 | 11.75 1462 | 02188 [ 167 | 6.839 | 46.77
2884 | 08318 | 108 | 3467 | 1202 1445 | 02089 | 16.8 6.918 | 47.86
L8851 .08128 | 10.9 | 3.508 @ 12.30 1429 | .02042 | 16.9 6.998 | 48.98
|

2818 | 07943 | 11.0 3.548 12.59 1413 01995 | 17.0 7.079 50.12
2786 | 07762 | 11.1 3.580 | 192.88 1396 01950 | 17.1 | 7161 | 51.29
2754 ‘ 07586 | 11.2 | 8.681 | 13.18 1880 01905 | 17.2 | 7.244 | 52.48
2723 07413 | 11.8 8.673 | 13.49 1865 | .01862 17.3 7.828 53.70
L2692 | L7244 11.4 3.715 18.80 1849 | .01820 17.4 T.418 54,95
2661 07079 | 115 8.758 | 14.18 1334 | 01778 | 17.5 7.499 | 56.23
2630 | 06918 | 11.6 | 3802  14.45 JA818 101788 | 17.6 | 7.586 | 57.54
L2600 06761 11.7 3.846 14.79 .1303 01698 17.7 7.674 58.88
2570 | 06607 | 11.8 | 8890 | 15.14 1288 | 01660 | 17.8 | 7.762 | 60.26
L2541 06457 | 11.9 8.936 | 15.49 1274 .01622 | 17.9 7.852 61.66
2512 06310 | 12.0 3.981 15.85 1259 01585 18.0 7.943 63.10
L2483 06166 | 12.1 4.027 16.22 L1245 01549 18.1 8.035 | 64.57
‘o455 | (06026 | 152 | 4074 | 16.60 1230 | 01514 | 18:2 | 8128 | 66.07
L2497 05888 12.3 4.121 16.98 1216 01479 18.3 §8.222 67.61
2309 | 05754 | 12.4 4.169 17.88 1202 01445 18.4 8.818 69.18
2371 ‘ 056238 | 12.5 4.217 | 1778 1189 | .01418 | 18.5 8.414 | 70.79
2344 05495 | 12,6 4.266 18.20 1175 01380 [ 18.6 8.511 T2.44
2317 | 05370 | 127 4.315 18.62 1161 | .01849 | 18.7 | 8.610 | 74.18
2291 05248 | 12,8 4.365 19.05 1148 01318 | 18.8 8.710 75.86
2265 | 05129 | 12,9 | 4.416 | 19.50 11385 .01288 | 18.9 | 8.811 | 77.62
2239 | 05012 | 13.0 | 4.467 | 19.95 A122 0 .01259 | 19.0 | 8.913 | 79.43
2213 | 04898 [ 13.1 4,519 20.42 1108 ‘ 01250 | 19.1 9.016 81.28
2188 | 04786 | 132 | 4.571 | 20.89 1096 | 01202 | 19.2 | 9.120 | 83.18
2163 | 04677 | 188 | 4.624 | 21.88 1084 | 01175 | 19.8 9.226 | 85.11
L2188 | 04571 | 18.4 4.677 21.88 1072 | 01148 19.4 9.833 87.10
2113 | 04467 | 185 | 4732 | 22.39 1059 | 01122 | 19.5 | 9.441 | 89.18
L2089 64365 13.6 4.786 22.91 1047 01096 19.6 9.550 91.20
2065 ‘ 04266 | 187 | 4.842 2344 1085 | Loto7e | 197 0.661 | 93.83
2042 | 04169 | 13.8 | 4.808 23,09 1023 | 01047 | 19.8 9.77¢ | 95.50
L2018 04074 | 18.9 4.955 24.55 1012 01023 | 19.9 9.886 97.72
1995 | 03981 | 14.0 | 5.012 | 25.12 1000 .01000 | 20.0 | 10.000 = 100.00
1972 | 03890 | 14.1 5.070 | 25.70 _ | - =—
L1950 | ,03802 | 14.2 5,129 | 26.30 -
.1928 03715 | 14.8 3.188 26.92 —db+
1905 | 03631 | 14.4 | 5948 | 9754 <= =
1884 08548 | 14.5 5.809 28.18 Voltage | Power Voltage | Power
1862 | 03467 | 146 | 5370  28.84 Ratio Ratio | 9% Ratio | Ratio
L1841 | 03388 | 14.7 5.483 | 29.51 P ey ; = ;
1820 | 03311 | 14.8 | 5.495 | 30.20 3.1621071 | 1071 10 3.162 | 10
1799 | 082386 | 14.9 | 5559 | 30.90 101 10-2 20 10 | 102

' 8.162x10°2 1073 30 | 8.162x10 & 108
1778 03162 | 15.0 | 5.623  31.62 . |
1758 | (08090 | 15.1 | 3689  32.36 1072] 107¢ | 40 10% | 10¢
1738 | 03020 | 15.2 5754 | 8311
718 | 02951 | 15.8 5.821 | 33.88 8.162X107% | 1075 [ 50 | 3.162X10? | 105
1698 | .02884 | 15.4 5.888 | 54.67 1073 1076 | 60 108 | 106

_ 3.162x1074| 1077 | 70 | 3.162X103| 107

. i . N e —5 9
-{23; ‘ggggg {5_7 6.095 | 35-13 8.162x1075 | 1070 | 90 | 8.162x104| 10
‘ .0263 5.8 | 6.166 0 ~
11603 | .02570 | 15.9 6.237 | 38.90 Jo-si 10710 100 105 | 1010

i |

To find decibel values outside the range of this table, see page 247
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APPENDIX

TABLE I
Voltage |
GIVEN: Ratio TO FIND: Decibels
Current b
POWER RATIOS
To find the number of decibels corresponding to a given Example—(liven: a power ratio of 3.41.
power ratio—Assume the given power ratio fo 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 4 = 5.328 db (power)
Voltage ] i
Ratio .00 o1 | 02 | .08 04 05 | .06 | .07 | .08 .09
1.0 '
.828 906 L0984 1.062 1.138 1.214 1.289 1.364 | 1.438 1.511

1.584 1.656 1.727 1.798 1.868 1,938
2.279 2.345 2411 2.477 2.548 2.607
£2.923 2.984 3.046 3.107 3.167 3.227 3.287 3.346 3.405 3.464

3.522 3.580 3.637 3.694 8.750 3.807 3.862 3.018 8.973 4.028
4.08¢2 4.187 4.190 4.244 4.297 4.850 4.40¢ 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 5.296 5.343 5.390 5.437 5.483 5.529
5.575 5.621 5.666 5.711 5.756 5.801 5.845 5.889 5.988 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
G.848 6.888 6.927 6.966 7.008 7.044 7.082 7121 7.159 7.197
7.285 7.272 7.810 7.847 7.884 T.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 8.282 8.266
8.209 8.333 8.866 8.399 8.43¢ 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 §.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 9.808 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 | 10.238 | 10.264 | 10.291 | 10.817 | 10.844
10.370 | 10.897 | 10.423 | 10.449 10.475 | 10.501 | 10.527 | 10.553 | 10.578 | 10.604
10.630 | 10.655 | 10.681 | 10.706 | 10.781 | 10.7566 | 10.782 @ 10.807 | 10.832 | 10.857

10.881 | 10.906 | 10.981 | 10.955 | 10.980 | 11.005 | 11.029 | 11,053 | 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 | 12.208 | 12.819 | 12.540 | 12.361 | 12.382 | 12.403 | 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 | 12.690 | 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 | 18.141 | 13.160 | 13.179 | 18.198 | 18.217 | 15.236
13.255 | 18.274 | 13.298 | 138.312 | 13.330 | 13.349 | 13.368 | 13.386 | 13.405 | 13.423
13.442 | 13.460 | 13.479 | 15.497 | 18.516 | 13.584 @ 13.552 | 13.570 | 18.589 | 13.607
18.625 | 13.643 | 13.661 | 13.679 | 18.697 | 13.715 138.733 | 138.751 | 18.768 | 13.786
18.804 | 18.822 | 18.839 | 18.857 | 18.875 | 13.802 | 13.910 | 18.927 | 13.945 | 18.962

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 | 14.308
14.820 | 14.337 | 14.353 | 14.370 | 14.887 | 14.408 | 14.420 | 14.486 | 14.458 | 14.469
14.486 | 14.502 | 14.518 | 14.585 | 14.551 | 14.567 | 14.588 | 14.599 | 14.616 | 14.6382
14.648 | 14.664 | 14.680 | 14.696 | 14.712 | 14.728 | 14.744 | 14.760 | 14.776 | 14.791

14.807 | 14.823 | 14.839 | 14.855 | 14.870 | 14.886 | 14.902 | 14,917 | 14.933 | 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 | 15.168 | 15.178 | 15.193 | 15.208 | 15.224 @ 15.239 | 15.254
15.269 | 15.284 | 15.298 | 15.813 | 15.328 | 15.543 | 15.858 | 15.8738 | 15.888 | 15.402
15.417 | 15.432 | 15.446 | 15.461 | 15.476 | 15.490 | 15.505 | 15.519 | 15.584 | 15.549

2.007 2.076 2.144 2.212
2.671 2.734 2.798 2.860

.

S wkao o oo

.000 086 | .172 .257 .341 .424‘ 506 588 | .668 .749
|
1
|

BRI~ D DX BB —D SO0 BB X105 e
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DECIBEL CONVERSION TABLES

TABLE Il (continued)

__VE'H y:' _[_

.07 .08 .00

Ratio .00 .01 .02 .08 .04

15.563 | 15.577 | 15.592 | 15.606 | 15.621 | 15.635 I‘i 649 15.664 | 15.678 | 15.692
15.707 | 15.721 | 15,735 | 15.749 | 15.763 | 15.778 15 792 | 15.806 | 15.820 ' 15.834
15.848 | 15.862 | 15.876 | 15.800 | 15.904 | 15.918 | 15.931 | 15.945 | 15.959 | 15.973
15,987 | 16.001 | 16.014 | 16.028 | 16.042 | 16.055 | 16.069 | 16.083 | 16.096 | 16.110
16.124 = 16.137 | 16.151 | 16.164 | 16.178 | 16.191 | 16.205 @ 16.218 | 16.232 | 16.245

—Rw=o

.

16,391 | 16.404 | 16.417 | 16.430 | 16.443 | 16.456 | 16.469 | 16.483 16.496 | 16.509
16.521 | 16.534 | 16.547 | 16.560 | 16.573 | 16.586 | 16.599 | 16.612 16.625 | 16.637
16.650 | 16.663 | 16.676 | 16.688 | 16.701 | 16.714 | 16.726 | 16.739 | 16.752 16.764
16.777 | 16.790  16.802 | 16.815 | 16.827 | 16.840 & 16.852 | 16.865 | 16.877 | 16.890

16,902 | 16.914 | 16.927 | 16,939 | 16.951 | 16.964 | 16.976 | 16.988 | 17.001 | 17.013
17.025 | 17.087 | 17.050 | 17.062 | 17.074 | 17.086 | 17.098 | 17.110 | 17.122 @ 17.135
17.147 | 17.159 | 17.171 | 17.183 | 17.195 | 17.207  17.219 | 17.281 | 17.243 17.255
17.266 | 17.278 | 17.290 | 17.302 | 17.314 | 17.826 | 17.838 | 17.349  17.361 17.378
17.885 | 17.396 | 17.408 | 17.420 | 17.431 | 17.443 | 17.455 | 17.466 | 17.478 17.490

16.258  16.272 | 16.285 | 16.298 I- 16.312 | 16.325 } 16,338 | 16.351 16.365 | 16.378

- .

17.501 | 17.518 | 17.524 | 17.536 ‘ 17.547 | 17.559 | 17.570 | 17.58¢ | 17.508 17.605

17.616 = 17.628 | 17.639 @ 17.650 | 17.662 | 17.673 17.685 | 17.696 17.707 17.719

17.730 | 17.741 | 17.752 | 17.764 | 17.775 | 17.786 | 17.797 | 17.808 17.820 17.831

17.842 | 17.853 @ 17.864 | 17.875 17.886 | 17.897 | 17.908 | 17.919 | 17.931 17.942

17.953 | 17.964 | 17.975 | 17.985 ‘ 17.996 | 18.007 | 18.018 | 18.029 | 18.040 @ 18.051
|

18.062 | 18.073 | 18.083 | 18.094 | 18.105 | 18.116 | 18.127 | 18.137 | 18.148 18.159
18.170 | 18.180 | 18.191 | 18.202 | 18.212 | 18.223 | 18.284 | 18.244 | 18.255 185.260
18.276 | 18.287 | 18,207 | 18.308 | 18.819 | 18.829 | 18,340 | 18.850  18.861 @ 18.371
18,382 | 18.392 | 18.402 | 18.413 | 18.423 | 18.484 | 18.444 | 18.455 | 18.465 | 18.475
18.486 = 18.496 | 18,506 | 18.517 | 18.527 | 18.587 | 18.547 | 18.558 | 18.568 | 18.578
18.588 | 18.599 | 18.609 | 18.619 | 18.629 | 18.639 | 18.649 | 18.660 13.670 | 18.680
18.690 | 18.700 | 18.710 | 18.720 18.730 | 18.740 | 18.750 | 18.760 18.770 | 18.780
18.790 = 18.800 | 18.810 | 18.820 18,830 | 18.840 | 18,850 | 18.860 18.870 | 18.880
18.890 = 18.900 | 18.909 | 18.919 | 18.929 | 18.939 | 18.049 | 18.958 | 18.968 | 18.978
18.988 ' 18.998 | 19.007 | 19.017 ’ 19.027 | 19.086 | 19.046 | 19.056 @ 19.066 | 19.075

|
19.085 | 19.094 I 19.104 | 19.114  19.123 | 19.133

19.143 | 19.152  19.162 | 19.171
19.181 = 19.190 | 19.200 | 19.209 | 19.219 | 19.228 19.238 | 19.247 19.257 | 19.266
10.276  19.285 19.205 | 19.304 | 19.313 | 19.323 | 19.832 | 19.342 | 19.851 | 19.360
19.370  19.379 | 10.388 | 19.898 19.407 | 19.416 | 19.426 | 19.485 | 19.444 19.458

il

- s Rl -l —-0 SxXL=1o O, LK —-o w1 O C e — W1,

19.463 | 19.472 | 19.481 | 19.490 | 19.499 | 19.509 | 19.518 | 19.527 ‘ 19.586 | 19.545
19.554¢ @ 19.564 | 19.578 ‘ 19.582 | 19.591 | 19.600 | 19.609 | 19.618 19.627 | 19.636
19.645 | 19.654 19.664 | 19.673 | 19.682 | 19.691 | 19.700 | 19.709 19.718 | 19.726

COOOD POVOPY PIPPM® PVWNPP® IIIII JIIIIN SOIID SSHHS

10.785 | 19.744 | 19.753 | 19,762  19.771 [ 19.780 | 19.789 | 19.798  19.807 | 19.816
19.918  19.921 ‘ 19.930

19.825 | 19.833 | 19.842 19 851 | 19.860 | 19.869 | 19.878 | 19.886 | 19.895 | 19.904
I 19.939 | 19.948 | 19.956 | 19.965 | 19.974 | 19.983 | 19.991

Voltage ] ’ |
Ratio 0 | 1 2 3 4 5 6 T | 8 9

10 20.000 | 20.828 | 21.584 | 22.279 | 22.923 | 23.522 | 24.082 | 24.609 | 25.105 | 25.575
20 26.021 | 26.444 | 26,848 | 27.235 | 27.604 | 27.950 | 25,299 & 28.627 | 28.943 @ 29.248
30 29.542 | 29.827 | 80,103 | 80.370 | 80.630 | 30.881 | 81.126 A 81.864 | 81.596 | 31.821
40 32.041 | 32.256 | 852,465 | 52.609 | 32.869 | 3$3.064 | 33.255 | 33.442 @ 3$3.625 | 83.804

50 33.979 = 84.151 | 854,320 | 84.486 | 34.648 | 84.807 | 84.964 | 85.117 | 85.269 85.417
60 85.563  35.707 | 85.848 | 85.987 | 86.124 | 86.258 | 86.391 | 86.521 & 86.650 | 36.777
70 36.902 | 37.025 | 87.147  87.266 | 87.385 | $7.501 | 87.616 | 87.730 @ $7.842 | 37.953
80 38.062 | 88.170 & 38.276 | 38.382 | 38.486 | 38.588 | 88.690 38.790 | 38.890 | 38,988
920 39.085 | 89.181 | 59.276 | 30.370 | 89.463 | 39.554 | 89.645 | 39.735 | 39.825 | 39.913

|
100 40000 | — | — | — | — | — | — | — | = | —

To find ratios outside the range of this table, see page 247
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Type
CAP-35
KN
M-2
M-5
V-2
V-5
V-10
V-20

50

50-P1, P2

T1-A
107
119-A, B
200-B
214-A
219
274

301-A
314-A
371-A, T
380
471-A
500

505

509

510
544-13
546-C
H61-D
HT8
583-A
620-A
631-B1,
631-11
648-A
650-A
650-P1
651-Al%, 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® Autotransformer . 32
Varine® Autotransformer . 32
Varine® Autotransformer . 24
Varine™ Autotransformer 25
Varine™ Autotransformer 26
Variae™ Autotransformer 27
Variae™ Autotransformer 28
Chokes | : 30
Variae™ Transformer . . 2F
Variable Inductor . . . 62
R-I* Chokes . . . . . 233
Varine™ Autotransformer . 24
Rheostat . . . . . . 228
Decade Condenser. . . . 56
Plugs and Jacks . . . . 238
Pateh Cords . . . . . 239
Rheostat . . . . . . 227
Rheostat . . . . . . 229
Rheostats . . . . . . 228
Deeade Capaeitor Unit . . 57
Rheostat . . . . . . 229
Resistor . . . . . . 47
Capacitor . . . . . . 54
Capacitor . . . . . . 55
Decade Resistance Unit . . 41
Megohm Bridge . . . . 78
A-F Mierovolter . . . . 190
Vacuum-Tube Bridge . . 104
Shielded Transformer . . 106
Output Power Meter . . . 188
Heterodyne I'requency Meter 218
Strohotae® bW W & 2
Strobotron . . . . . . 2
Strobolux®. . . . . . 3
Impedance Bridge . . . 89
Oscillator Amplifier . . . 91
Oseillograph Recorders . . 178
Resistor . . . . . . 46
Inductance Bridge . . . 02
Compensated Decade
Resistor . . . . . . 43
Jumbo Plugs and Jacks . . 238
Wide-Range Beat-Frequency
Oscillator . . . . . . 156
Voltage Divider . . . . 157
Direct-Current Amplifier . 112

Capacitance Bridge . . . 83

Type
716-CS1, CS4
716-P4

736-A
740-B
758-A
759-P21
759-P22
759-1°25

759-P35
759-P36
760-B
761-A
762-B3
783-A
R05-C
S21-A
830-R
838-B
874

901
902
904
907
908
916-A, AL
938

Name Page
Special Capacitance Bridges. 85
Guard Cireuit . . . . . 86
Heterodyne Frequency Meter 220

Precision Capacitor 50-52
Vacuum-Tube Fork . . . 164
Precision Wavemeter . . 223
Wave Analyzer . . . . 176

Capacitance Test Bridge . . Sl
Wavemeter A |
Tripod and Extension Cable . 13

100-Foot Cable . . . . 13
Dynamie  Microphone  As-
sembly . . . . . . 13
Vibration Pickup . . . . 12
Control Box . . . . . 12
Sound Analyzer . . . . 17
Vibration Meter . . . . 19
Vibration Analyzer . . . 21

Output Power Meter . . . 189
Standard-Signal Generator . 144

Twin-T. . . . . . . 08
Wave Filter . . . . . 170
Alligator Clip . .. 240
Coaxial Elements . . . . 122
Slotted Line and Vernier. . 123
Bolometers. . . . . . 127
Voltmeter-Rectifier, Indicator 128
Mixer-Reetifier . . . . 129
Component Mount . . . 129

Adjustable Lines . . . . 130
Adjustable Stubs . . . . 130

Line Elements . . . . 131
Balun . . . . . . . 132
Terminations . . . . . 133
Attenuators . . . . . 134
Filters . . . . . . . 135
External Coupling Elements. 135
Adaptors . . . . . . 136
Coaxial Cable . . . . . 137
Connectors R S O
Insertion Unit, Cliplock,Stan.]l 139
Patch Cords . . . . . 239
Dial . . . . . . . 233
Dial . . . . . . . 233
Dial . . . . . 234

Precision Gear-Drive Dial . 234
Precision Gear-Drive Dial . 234
Radio-I'recuency Bridges . 96
Binding Posts . . . . . 237
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INDEX BY TYPE NUMBER (continued)

Type Name Page ] Type
938 Jacks . 238 | 1304-B
940 Deeade Inductor Lmt . 63 | 1307-A
O11-A Toroidal Transformer. ., 231 1330-A
042-A Output Transformer . . 230 1390-A

1000-P3 Voltage Divider . 148 1401
1000-P4 Dummy Antenna . . 148 1428
1000-P5 Transformer . 148 1432
1000-P6 Crystal Diode Moduls lfm . 149 1450
1000-P7 Balanced Modulator . . 150 1454-A
1000-P10 Test Loop . : . 48 1481
1001-A Standard-Signal Generator | 142 1482
1021-AV, AU Standard-Signal Generators . 146 1490
1100-A Frequency Standard . . 204 I 1501-A
1105-A Frequeney Measuring iquip- | 1530-A
ment . .. 207 | 1532-B
1106-A, B, C  Frequeney Transfer l nits 210 1534-A
1107-A Interpolation Osecillater 212 1535-13
1108-A Coupling Panel . 213 1550-A
1109-A Comparison Oscilloscope . . 214 | 1550-P1
1110-A Interpolating Frequency | 1551-A
Standard 215 | 1351-PI
1140-A Wavemeter . 224 1552-A
1170-B, BT I-M Monitor . . 196 1555-A
1176-A Frequeney Meter . 222 1555-P1
1181-A Frequeney Deviation Monitor 193 1570
1183-T T-V Station Monitor . 194 1601-A
1203-A Unit Power Supply . 116 1602-B
1204-B Unit Variable Power Supply . 117 1604-B
1206-13 Unit Amplifier . . 120 1610-A
1208-A Unit Oscillator . 168
1209-A Unit Oscillator . 168 1611-A
1211-A Unit Oscillator . 165 1612-A, AL
1212-A Unit Null Detector . 110 1651-A
1212-P1 High-Pass Filter « 111 1652-A
1213-A Unit Crystal Oseillator o B1F 1690-A
1214-A Unit Oseillator . 164 1700-B
1215-A Unit Oscillator 168 1701-AK, AN,
1216-A Unit I-F Amplifier 118 1702-A, M
1217-A Unit Pulser . 12 1703-A
1231-B Amplifier and Null I)Ptulm'. 107 1704-A
1231-P2, 3, P35 Tuned-Cireuit Filters . . 108 1705-A
1231-P4 Adjustable Attenuator . 110 1800-A
1233-A Power Amplifier . 114 1800-P2, 1’3
1261-A Power Supply . . 121 1803-A
1262-A Power Supply . .o 121 1862-A
1301-A Low-Distortion Oscillator . 158 1931-A
1301-P1 Range Extension Unit . 159 1032-A
1302-A Oscillator . 160 1932-P1
1303-A Two-Signal Audio (-enm ator 162 1951-A
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Name Page
Beat-Frequeney Oscillator 151
Transistor Oseillator 153
Bridge Oscillator L6653
Random Noise Generntor 171
Fixed Air Capacitor . 53
Variable Air Capacitor 232
Decade Resistor . . . . 40
Decade Attenuator . 14
Decade Voltage Divider . . 45
Standard Inductor . . . 6l
Standard Inductor 60
Decade Inductor . .63
Light Meter . 101
Microflash® ]
Strobolume 4
Polariscope 7
Contactor . . b
Octave-Band Noise -\n ll\ zer 16
Microphone Adapter Plug 17
Sound-Level Meter 9

Condenser Microphone Sy atcm 14
Sound-Level Calibrator . . 15
Sound-Survey Meter . . 11
Case for Sound-Survey Meter 12
Automatic Voltage Regulator 33

V-H-I" Bridge . 100
U-H-F Admittanee Meter . 102
Comparison Bridge 93
Capacitance Measuring

Assembly 87
Capacitance Test Bridge 80
R-I¢ Capacitance Meter 05
Bolometer Bridge . . 126
Resistance Limit Bridge 76
Dieleetrie Sample Holder 88
Variac® Speed Control 35

AU \'u‘lucgg[wd Controls 35

Variae® Speed Controls . . 35
Variac® Speed Control . . 35
Variae® Speed Control 35
Variae® Speed Control 35
Vacuum-Tube Voltmeter, . 182
Multipliers . 185
Vacuum-Tube V Ullmotm . 184
Megohmmeter . 186
Modulation Monitor . 108
Distortion and Noise Meter . 174
A-M Detector Unit . 175
Filter . 112
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INDEX BY TITLE

Page Page
Adaptor Plug, Microphone I Power-Factor . . . 80,81
Adaptors, Coaxial . . 136, 137, 240 Radio-Frequeney . ‘J(} 98, 100, 102
Adaptors, Socket .95 Resistance . B % wou 76, 78, 89
Adjustable Autotransformer, \.!,rl.u . 22-32 Resistanee Limit . . . . .76
Adjustable Lines and Stubs, Coaxi; 1I . 130, 131 Schering 83 58, 87
Adjustable Transformer, Variac® 28 U-H-I . 102
Admittance Meter, U-H-F 102 Universal 89
Air Capacitor, Fixed .53 V-H-F 100
Precision 50-52 Vacuum-Tube o104
Standard . . . B80-52 Bridge Amplifier . .o 107, 110
Variable . 50-52, 131, 232 Bridge Amplifier-Ose illator . . T |
Air Line, Couaxial 131 Bridge Detector . . . 91,107, 110
Alligator Clip 240 Bridge Guard Cireuit . G % 5 & . 86
A-M Detector . s Bridge Oscillator .91, 160, 164, 165, 166
Amplifier, \ud:o-]'u-t;ut-m\ 107, 110, 114, 120 Bridge Transformer - 106
Direct Current 112 Broad-Band Modulator . 119, 150
Power .o 114 Broadeast Frequeney Monitor 193
Unit . : . 110, 120 Broadeast Monitor, I'-M 196
Amplifier and 1\ull I)elcltor : . 107, 110 Broadeast Monitor, TV . . . 194
Amplifier, Unit, Inlormcdmte-}"rv:|m-m\ . 118
Amplitude Modulator . 149, 150
B i . 16 | Cable, Coaxial . 187
Sound 16, 17 Cable, ],\tensmn and lrzpod 13
Vibration 921 Cable Connectors, Coaxis 11‘ 138
Wave 17 21, 176 Calibrator, Sound-Level 15
Antenna, Dummy 148 Capacitance Bridge. 80, 81, 83 85, 81 S‘I ‘ih ‘l‘% 100
Antenna Measuring 1 qmpment . 96, 100, 102 (,”‘]"" itance Measuring Assembly 87
Assembly, Capacitance Measuring 87 C‘-ap:u‘!tnm'e Meter (for ‘sul:kcls ) - 9?
Assembly, Dynamic Microphone 13 Capacitance Meter, R-F 95
Attenuator, Adjustable 110 tup'ul;'mte Test Bridge . 8:; 8;
it . apacitors . . 5
Attclblz:}t:ﬂ:é('mm'll ) 131 Capacitor, Air Diclectric ,J{)—JZ 53, 131, 232
Audio-Frequency Meter . . 222 1?_0: ade 3(; 5§
Audio-Frequeney Oscillator 151- 164, 212 Fixed . 53-55
Audio Generator, T'wo-Signal 162 FI:“RI i\zll‘ ) S §§
Automatic Voltage Regulator . . . . 33 Mica Dielectric 3, 55, 56, 57
Autotransformer, Variae® . ., | 22-32 Paper Dielectric 26, 57
Precision ; 50-52
Standard . 80-52. 53, H5
Variable Air . D0-52, 131, 232
Balanced Modulator . . . . . . . . 150 Case for Sound-Survey \I:~I| r 11
Balun . . ST B - 132 Chokes (for Variaes) 30
Band Analyzer, ()Il‘t\e' i om e o® w ow e B Choke, R.;dm-}-rm;uenc) 233
Band-Pass Filter 179 Clip, Alligator 240
Bar Knobs 236 Cliplock, Coaxial . 139
Basic Connector, C n-mql i w5 = 198 Coaxial Elements . . 122-139
Beat-Frequeney Oscillators . 154, 156, 162, 212 including Adaptors, .\{I]llFt‘ll :le Lines and
Beat-Frequency Oseillator, Wide-Range 156 Stubs, Attenuators, Balun, Cable, Clip-
Binding Posts and Assemblies . 237, 238 lock, Component Mount, Connectors,
Bolometers . . . 127 Coupling Elements, Filters, Flexible Line,
Bolometer Bridge . 126 Generator and Detector suggestions, In-
Bridges . .. b5-105 sertion Unit, Air Lines, Blotted Line,
Bridge, Antonn.t-\luwurlng 096, 100,102 Stand, Terminations and Variable Ca-
Bolometer . i 5 5 . 126 pacitor.
Capacitance . Ht), Sl. 83, 85. 87, 8‘1 ‘Pla 98, 100 Coaxial Patcheords 131, 239, 240
Capacitance Test . 80, 81 Comparison Bridge 93
Compuarison 93 Comparison Oscilloscope 214
D-C Limit . 76 Compensated Decade Resistor 43
Iigh-Resistance . . 78 Component Mount, Coaxial 129
Impedance H'l tl.! 96, 100, 102 Condenser Microphone System 14
Impedance Comparison . 93 Condensers (see Capacitors)
Inductance P o5 g : 92 Connectors, Coaxial 138
Megohm ., . . . . . . . . . 78 Shielded . . . . . . . . . 240
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INDEX BY TITLE (continued)

Constant-Inductance Resistors
Constant Voltage Megohmmeter
Contactor, Stroboscope .
Control Box and Vibration Pic Lup y
Controls, Motor Speed
Cord, Patch

Pm\ er . .
Coupling E Iements Coa\ml
Coupling ('d.p.zulor, Coaxial .
Coupling Panel . .
Coupling Probe, Coaxial Ce e
Crystal Diode Modulator . . . . .

Decade Attenuator . . . . . .
Decade Capacitor . . .

Deeade Condenser .

Decade Inductor

Decade Resistor .

Decade Resistor, Lompen‘«‘ated

Decade Switches

Decade Voltage Divider 2 T
Deviation Monitor, Frequency . . .
Dial, Direet-Drive . . . @

Friction-Drive .

Gear-Drive . . .

Precision . .
Dielectric Measuring Bndge 2
Dielectric Sample Holder .

Diode Modulator, Crystal

.
.
.
.

Page
43
186

5

12
35-37

1.51' 239, 240

240
135
135
213
135
149

44

'56-58

. 23
. 23

.23
. 23

56-58
63, G4
40-43

43

12, 58

45
193
3, 234
3, 234
1, 235
1, 235
83, 85
88

. 149, 150

Direct-Current Amplifier . 112
Distortion and Noise Meter 174
Dummy Antenna . . 148
Dynamic Microphone f\\:,emhh . R -
I).\ namic Microphone Cable . .13
Dynamic Polariscope . . @ @ 7
Flements, Coaxial . . . . . . 122-139
B Conxdaly « 2 w v % & 131
F-M Monitor . . . . . . 196
Filter, Band-Pass . . . . 170

Coaxial 5o G o 135

High-Pass . 110

Low-Pass = 135

Tuned Cireuit L. IOR 109, 112

Wave . o s w @ % @ 179
Fixed Capacitor . . . . 53, 54, 55
Fixed Inductor . . . . . . 60, 61, 62
Fixed Resistor . . . . . . 40, 47
Flash, High-Speed . . . T G
Flexible Coaxial Line . o = I3
Fluted Knobs . . W @ . 236
Fork, Vacuum-Tube Dm’en . . 164
Frequeney Deviation Monitor . 193
Frequeney Measuring Equipment . 207
Trequency Meter, Audio . ; 222

Heterodyne . . . 210 "18 220
IFrequency Monitor . . . 193, 194, 196

Frequency Monitor, Broadeast
Frequency-Modulation
Television .

Frequeney Standard

Frequency Transfer Unit .

Friction-Drive Dial . . .

Fuse Assortment . . . .

Fuse Bolometer . . .

Ganged Variacs

Gear-Drive Dial

Cienerators (see ( )amllators]

Gienerator, Random Noise
Standard-Signal :
U-H-F Standard Signal .
Unit Pulser ;
V-H-I" Standard “ugna.]

Guard Cireuit . . e

Harmonie Analyzer
Heterodyne Frequency Meter
High-Frequency Resistor .
High-Pass Filter A
High-Speed Light Source .
High-Speed Recorder .
Holder, Bolometer .

Holder, Dielectric Sample

Impedance Bridge .
Impedance-Matching T ramformer

Impedance-Measuring Network, Twin-"T"

Indicator, Voltmeter
Inductance Bridge .
Inductance Standard .
Inductors

Inductor, Decade .
Tixed
Standard L.
Yarghld = = & s

Industrial Instruments

Insertion Unit, Coaxial

Insulated l’lugs

Insulators, Panel T erminal ;
Intermediate-Frequency Amplifier, Unit
Intermodulation Test Source . .
Interpolating Frequency Standard
Interpolation Equipment .
Interpolation Oscillator
Inverse-Feedback Oscillator

Jacksand Plugs . . . . . . .
Joint, Rotary Coaxial . . . . . .
Jumbo Plugs and Jacks . . .

Kit, Slotted Line . . . . . . .
KOObE: « o « % & & ® % & u
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Page

193

196

191

204

. . 210
. 233, 234
127

127

R
. 234, 235

TR i 1
. 140150
146
172
116
86

17, 21, 176

210, 218, 220

46
111
6
178
127
88

89

231

98

128
.92
61, 62
50-64
63, 64
60, 61
l:[] 61, 62

.62

. 1-37
139
240
238
118
162
215
207
212
160

60,

. 237,

158,

. 238, 210
131

238

v v 124
236
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INDEX BY TITLE (continued)

Knob, Bar
Fluted .
Spinner
Switch |

Lamp Termination. Coaxinl
Light Meter .
Limit Bridge, Re~m-mce .
Line, Coaxial Air

Li:m, Flexible Coaxial .
Line, Radiating Coaxial
Line, Slotted ,
Line Stretchers, Conxial
Luup Test i
Low-Distortion Oscill: 1tm
Low-Pass Filter

Matched (50-23 Termination, (‘onxial
Megohm Bridge

Megohmmeter

Meters

Meter, Altern: lllll]_.-

Current . S 12N, 182,
Audio-Frequeney . . 182,
Distortion and Noise
Frequeney Deviation
Heterodyne Frequency
Light
Megohm
N[Ji:“(‘.

QOutput .
Output-Power
R-I" Capacitance | PO I
Sound-Level . . . . . .
Sound-survey
U-H-F Admittance :
Vacuum-Tube Voltmeters
Vibration
Microfiash T
Micrometer Vernier . O R
Mierophone Adaptor l’llu.,
Microphone Assembly, Dyvnamic
Microphone System, Condenser
Microvolter, Audio-Frequency
Military Coaxial Adaptors
Mixer Rectifier o e ® ue s
Modulating Oscillator . . . . .
Modulation Monitor
Modulator, Amplitude
Modulator, Balanced
Modulator, Crystal Diode
Modulator, Video
Monitor, Frequency
Motor Speed Controls
Mount, Coaxial Component
\Iul(l;lllu (for Vacuum-Tube V t:ltm('tu
Multivibrators .
Mutual Inductance Suml ud

154,

256

. 180
184, 188,
88,

210,

L 149,

102, 193,

Page
236
236
236
236

133
191

76
131
131
135
123
130
148
158
135

133

78
186
191

184,
184,

190
190
174
193
220
191
. 186
.9, 10

218,

: 188, 1849
. 188, 18Y

N
. 9-12
11

102

: 1é2. 184

.17
6
124
17
13
14
190
137
129
164
198
150
150

. l-l‘! 150

149, 150
194, 196
35-37
129

185

. 205, 215

G2

Puayge

Network, Attenuation . 44
Noise Analyzer, Octave- Band 16
Noise Generator, Random . 1
Noise Meter . 9-12
Null Detector, and \mpllhe] 107
Null Detector, Unit 110
Octave-Band Noise Analyzer 16
Open-Circuit Termination, Coaxinl . . . 133
Oseillators . . . 91, 151173, 210213, 2111 217
Oseillator, Audio L 151 164, 212
Beat-Frequency . . . . 134, 156, 162, 212
Bridge . . .91, 160, 164, 165, 166
Electro-Mechanical 164
Interpolation .. 212
Inverse Feedback . 158, 160
Piezo-Ilectric . . 204, 217
Radio-Frequeney . l)l: ltm 1-0 210, 217
Resistanc e—LTzl]Ja('il:tm-e 1 uned . 158, 160
Transistor . . 153
Tuning-Fork-Driven | . 164
Ultra-High-Frequeney . . | 168-170
TUnit . S 164, 165, 168170, 217
Very-igh- ]'ruiuuu\ 168-170
Oscillator-Amplifier 91
Oscillograph Recorder . 178
Oscilloscope, Comparison . .. 21
Output Meter . 188, 189
Output-Power Meter . 188, 189
Panel Connector, Coaxial 138

Panel Terminal Insulators

. 237, 238

Parts and Accessories . .. 225,240
Pateh Cord . 131, 239, 240
Pickup, Vibration .12
Piezo-Eleetrie Oscillator ZU-I 217
Plugs and Jacks . 238, 240
Polariscope . 7
Polyethylene Cul;lc . . 187
Potentiometers . . 226-220
Power Amplifier 114
Power Cord ; . 240
Power Meier, (}utpul . 188, 189
Power Output Transformer - 230
Power Supply 116, 117, 121
Power Supply, Unit LG, 117

Unit Variable | 117
Precision Ca]muitm' 50-52
Precision Dial . 234, 235
Precision Wavemeter 223
Primary I‘loqunm\ St md.u:l 204
Pulser, Unit 172
Radio-Frequency Bridge 96, 98, 100, 102
Radio-Frequency Capacitance Meter 95
Radio-Frequeney Choke . B 5
Radio-Frequency Oseillator . lah 165-170, 210, 217
Random Noise Generator 171
Range-Extension Unif 159
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Recorder, Oscillograph

Rectifier, Mixer

Rtectifier, Voltmeter

Regulators, Line Voltage .

Resistance Bridge .

Resistance-Capacitance Ose 1llalur

Resistance Limit Bridge

Resistance Meter, Megohm

Iesistors .

Resistor, (‘oml)en-tated l)et ade
Constant-Inductance
Decade
Fixed
High-F re.tluem v
Variahle .

Rheostat and Voltage I)wtder

Rotary Joint, Coaxial .

Schering Bridge .

Secondary Frequeney Standard

Shielded Conductors

Shielded Plug and Cable

Shielded Transformer . ;

Signul Generators, Standard |

Slotted Line . .

Slotted Line Mi |t°mmclt-r \ ernier

Sound Analyzer

Sound-Level Calibrator

Sound-Level Meter

Sound-Survey Meter

Speed Controls, Motor

Spinner Knob

Stand

Standard, C :;pa( ltmu e
Inductance ;
Interpolating Prequvlu v
Mutual Inductance
Primary Frequeney
Secondary Frequeney

Standard-Signal Generators

Strobolume |

Strobolux® |

Stroboscopes

hlrnh{}-:('op(' Contactor

Strobotae®

Strobotron

Stubs, Coaxial

Switches PO

Syneronometer . . . .

Tee, Conxial

Television Station l'requem v \lnmmr :

Terminal Insulators, Panel
Termination, 50-2 Coaxial
Termination, Open-Cireuit ( u:uml
Termination, Short-Circuit Coaxial
Test Bridge, Capacitance .
Thermistor .

Transfer Unit, hequency

GENERAL RADIO COMPANY

Page

178

129

. 128

. 33,3
76, 78, 89
158, 160
76

. 186
3847

43

. ‘;
40-43

16, 47

; A6

. 226-220
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