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We Sell Direct. ..

To develop the type of product manufactured by the Gen-
eral Radio Company requires a large staff of engineers, each
a specialist in one or more phases of the work involved. 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 expenditure.

There has always been an intimate contact between our
engineers 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 Com-
pany maintains no sales agencies in the United States, but
distributes its products directly to the consumer on a net,
no discount, basis.

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 information regarding General Radio
products. In all matters regarding General Radio apparatus
the customer should communicate with the distributor from
whom this catalog was received. 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.

GENERAL RADIO COMPANY
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SUGGESTIONS

ORDER BY TYPE NUMBER

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

Be sure to include orders for any acces-
sories desired or for ecalibrations which
must be made before shipment. If minor
modifications in the parts or instruments
to be ordered would make the equipment
more useful, our Sales Engineering De-
partment would be glad to discuss the
details.

TELEGRAPH AND CABLE ORDERS

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

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

SHIPPING INSTRUCTIONS

Unless specific instructions accompany
the order, we shall use our best judgment
as to the method of shipment. Repair
parts or other items needed quickly can be
shipped Air Express if requested. The fol-
lowing table shows approximate costs of
this service in continental United States.

Air } 2 oF Over 40 1bs.
Miles 2 lbs: | 5 1bs. | 25 lbs. | 40 lbs. Cents per .
149 $1.00 | $1.00 | S1.00 | 81.23 3.07
3449 1.02 1.15 2.30 3.68 9.21
549 1.07 1.42 3.584 6.14 15.35
1049 1.17 1.98 7.68 12,28 30.70
2349 1.45 3.53 17.65 | 28.24 70.61
Over
2350 1.47 3.68 | 1842 | 2947 73.68
PACKING

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

FOR ORDERING

TERMS

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

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

REMITTANCES

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

PRICE CHANGES

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

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

FOREIGN SALES

We are represented in principal countries
abroad by resident distributors, who are in
close touch with the factory and who have
available the latest technical and commenr-
cial information about our products. As
conditions permit, some General Radio
representatives will carry stocks of the more
popular items.

All prices shown in this catalog are net,
f.0.b. the factory, for sales within the United
States. Prices abroad, while based upon
the same price list, will be somewhat higher
because of customs duties, transportation
charges, insurance, ete. Our representatives
will welcome inquiries from customers in
their territories concerning delivered prices
and any other sales, service, or engineering
matters.

See page 227 for list of representatives.

Copyright, 1947, by General Radio Company, Cambridge, Mass.,, U.S.A,



SUGGESTIONS FOR ORDERING

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 carefully 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 warehouse. A partial stock
is maintained at Los Angeles.

BRANCH ENGINEERING OFFICES

Engineering offices are maintained in the
following cities:

New York 6: 90 West Street,
Telephone WOrth 2-5837

Chicago 5: 920 South Michigan Avenue
Telephone WABash 3820

Los Angeles 38: 950 North Highland
Avenue
Telephone HOllywood 6201

Customers in or near these cities can
quickly and conveniently obtain informa-
tion about our products from these offices.
In charge at each office is a competent,
factory-trained engineer who will have all
available technical and commercial data.

Although our domestic sales are made
on a direct-to-the-consumer basis, we have
arranged with numerous foreign distribu-
tors for the sale and servicing of our
products outside of the United States. (See
page 227.)

OTHER GENERAL RADIO PUBLICATIONS

In addition to this catalog we publish
a number of bulletins of interest to tech-
nical and professional workers in specialized
fields, and a monthly magazine, the General
Radio Experimenter, for free distribution
among interested persons. The Experi-
menter contains technical and semi-tech-
nical engineering articles which are contrib-
uted, for the most part, by our engineering
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 COMPLIMENTARY subscription to the G-R EXPERIMENTER.
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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 refer-
ence number.

1. Certain vacuum-tube amplifier devices,
electric wave filters, vacuum-tube oscillators,
and sound-level meters are licensed by Wes-
tern Electric Company, Ine., under all United
States Letters Patent owned or controlled by
American Telephone and Telegraph Com-
pany, or Western Electric Company, Inc.,
and any or all other United States patents
with respect to which Western Electric Com-
pany, Inc., has the right to grant a license,
solely for utilization in research, investigation,
measurement, testing, instruction, and de-
velopment work in pure and applied science,
including engineering and industrial fields.
Patent 1,871,886.

Patent 2,294,941.
. Patent applied for.
Patent 1,901,343.
Patent 1,901,344
Patent 1,944,315.
Patent 1,967,185.
Patent 2,173,427
Patent 2,367,681.

SCorNSUE®N
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11. Patent 2,009,013,

(also British Patent 439,567).

12. Licensed under all patents and patent
applications of Dr. G. W. Pierce pertaining to
piezo-electric crystals and their associated
circuits.

13. Patent 2,069,934.

14. Patent 1,943,302.

15. Licensed under designs, patents and
patent applications of Edgerton, Germes-
hausen and Grier.

16, Patent 2,376,394,

17. Patents 142,777 and 143,807.

18. Patent 1,983,447.

19. Patent 1,967,184.

20. Patent 2,012,497.

21. Patent 2,012,291.

22. Patent 1,999,869,

23. Patent 1,790,153 and other patents,
covering electrical discharge devices and cir-
cuits with which said devices may be used,
owned by the General Electric Company or
under which it may grant licenses.

24. Patent 2,173,426.

25. Patent 2,298,177.

26. Patent 2,362,503.

27. Patent 2,029,358.

28. Patent 2,354,718.

29. Patent 2,025,775,

30. Patent 2,374,248,

31. Patent 2,125,816.



VISIT OUR LABORATORIES AND FACTORY

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

Our plant is located in Cambridge (across
the Charles River from Boston) at 275 Massa-
chusetts Avenue. This is half way between the
Massachusetts Institute of Technology and
Central Square, Cambridge.

The accompanying map and the directions
below give details for reaching the plant by
public transportation or automobile.

Hours ror Visrrors: 10:00 a.ar to 4:00
p.. every day except Saturdays, Sundays,
and holidays.
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HOW TO REACH GENERAL RADIO COMPANY

By Punric TRANSPORTATION

I'rom  Central Square, Cambridge: Walk
down Massachusetts Avenue about six blocks
to “275" or take any Boston-bound surface
car or bus on Massachusetts Avenue and get
off at Windsor Street.

From South Station, Boston: Take a subway
train for Cambridge and get off at the fifth
stop, which is Central Square. Then follow
preceding directions to 275 Massachusetts
Avenue.

F'rom North Station, Boston: Take a street
car to the Park Street Subway Station and

change there to a Cambridge subway train on
the lower level. Get off at Central Square,
which is the third stop. See above.

From Massachuselts Station, Boston (Massa-
chusetts Avenue and Boylston Street): Take
a street car or bus marked “IHarvard.” After
crossing the Charles River into Cambridge,
get off at Windsor Street almost directly in
front of General Radio.

By AvromosniLe

Memorial Drive in Cambridge (Iighway
Routes U. 8. 1 and Mass. 2, 28, and 38) runs

vii



along the Charles River and intersects Massa-
chusetts Avenue (underpass) at the Massa-
chusetts Institute of Technology. General
Radio is on Massachusetts Avenue one-third
of a mile from this intersection.

Harvard Bridge crosses the Charles River

and connects Massachusetts Avenue in
Boston and in Cambridge. From the Boston
side of the river, turn into Massachusetts
Avenue (from Highway Routes U. S. 20 and
Mass. 16, 138) and proceed over Harvard
Bridge into Cambridge.

WHEN TELEPHONING you may find the following list of departments and individuals of value
in eliminating unnecessary delays before obtaining the information you desire. Our office tele-

phone number is TRowbridge 6-4400.

Delivery Information on Orders Already Placed (catalog items

only)

Price and Delivery Information on Equipment Not Yet Ordered;
Technical Information on Uses of Equipment

Service and Maintenance Information

Repair and Return of Equipment

Repair and Replacement Parts — Price and Delivery Information

Commercial Dept.
H. P. HokansonN

Sales Engineering Dept.
M. T, Sarrn
W. R. Savror
F. D. LEwis
S. W. DeBrois
M. A, Gioman

Service Dept.
R. G. ALEXANDER
H. H. Dawss

Service Dept.
F. W. SELLER

Service Dept.
P. GG. RicuMoND

Branch Engineering Offices

New York
Chicago
Pacific Coast (Los Angeles)

viii

Telephone Number

WOrth 2-5837
WABash 3820
HOllywood 6201

Engineer in Charge

I. G. Easrox
K. Apams
F. IRELAND
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STROBOSCOPES

Tur Strososcore permits rotating or reciprocating objects to be viewed intermittently and
produces the optical effect of slowing down or stopping motion. For instance, an electrie fan
revolving at 1800 rpm will apparently be standing still if viewed under a light that flashes
uniformly 1800 times per minute. At 1799 flashes per minute, the fan will appear to revolve at
1 rpm, and at 1801 flashes, it will rotate backward at 1 rpm. Because the eve retains images
for an appreciable fraction of a second, no flicker is seen except at very low speeds. The apparent
slow motion is an exact replica of the original higher-speed motion, so that the motion of a
high-speed machine can be analyzed with the stroboscope under normal operating conditions.

The stationary image that is scen when the flash and rotational speeds are equal makes pos-
sible very precise speed settings, and when the {lash rate control is calibrated in rpm, as in the
STROBOTAC, the stroboscope can be used as a tachometer.

When the Tyre 549-C' Contactor is used to flash a stroboscope, the position of the flash within
a single evele of motion can be adjusted. With the Tyee 549-P2 Hand Contactor, the flash can
be controlled by the position of a camshaft or crankshatt on the machine under observation.

I'or photography of objects moving at high speeds, General Radio stroboscopes provide a
means of taking both still and motion pictures.

IFor ultra-high-speed single-flash work, the MICROFLASH (page 8) is recommended, which
has a flash duration of only about two millionths of a second. TFor slower speed work, 15 to 50
millionths of a second, if a limited area is to be photographed, the STROBOLUX can be used.

For photographing large areas, or for ultra-high-speed motion pictures, the Tyrr 1533-A
High-Speed Motion-Pieture Assembly should be used.

Uses of the stroboscope are discussed in more detail in the booklet Eyes for Industry, a copy
of which will be sent upon request.

TYPE 631-B STROBOTAC™

USES: The Strobotac is used for measuring the Strobotac 1s invaluable. The operation of

speed of rotating, reciprocating, or vibrating motors, fans, pulleys, gears, cams, and other
mechanisms and for observing their operation machine elements can be examined in slow

in slow motion. In the design and testing of motion. Speed measurements for overload and
machines and high-speed mechanisms, the 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, ag, for instance, textile spin-
dles. In production testing, it provides a
means of rapidly aliening mechanisms that
operate under close tolerances. It is approved
for use in checking the calibration of aircraft
tachometers.

DESCRIPTION: The Strobotac is a small, porta-
ble stroboscope calibrated to read speed
directly in revolutions per minute. The light
source is a Strobotron lamp mounted in a
parabolic reflector. The frequency of a sell-
contained electronic pulse generator deter-
mines the flashing speed, which can be ad-
justed, by means of a direct-reading dial, to
any value between 600 rpm and 14,400 rpm.
If desired, the speed can be controlled by an
external contactor, by the a-c line frequency,
or by an oscillator.

The Strobotron is designed to give an ex-
tremely short flash, and hence sharp images
are obtained even at speeds up to several
times the scale values.

*Tracde Mark Registered U. 3. Patent Office.

2 GENERAL RADIO COMPANY



STROBOSCOPES

Tyrr 631-B Strobotae with Ty pe 645-A Strobolux,

Speeds outside the scale range of the in-
strument can be measured by using multiples
ol the flashing speed. The upper limit is not
sharply defined, but, in general, speeds up to
about 100,000 rpm can be measured. Speeds
below 600 rpm ean also be measured, but the
use of the Strobotac for this range is not
recommended, because of flicker caused by
the inability of the eve to retain successive
images for a sufliciently long period of time to
give the illusion of continuous motion.

FEATURES: » No contact with the mechanism
under measurement is required, and hence no
power is absorbed when the Strobotac is used
for speed measurement.

» The aceuracy of measurement is within
+ 19, of indieated speed, when the scale is
standardized from a frequency-controlled
power line.

» The Strobotac can be used in places inaccees-
sible to other types of tachometers; it is neces-
sary only to direet the stroboscopic light on
the element under measurement.

> A slow-motion drive facilitates preeise speed
settings, and the speed scale is easily read from
the drum-type dial when the Strobotac is held
in the position of normal use.

When a larger area is to be illuminated, the
Strobotace can be used to control the flashing
speed of the Type 648-A Strobolux described
on page 4,

SPECIFICATIONS

Range: The fundamental range of flashing speed is from
GOU to 14,400 per minute. The speed is read direetly from
a dial ealibrated in rpm. By using multiples of the flashing
speed, the range of measurement ¢an be extended up to
about 100,000 rpm, and, by multiple images, speeds
somewhat below 600 rpm can be measured.

Accuracy: =19 of the dial reading above 900 rpm when
the Strobotae is standardized in terms of a frequency-
econtrolled power line. Controls for this standardization
adjustment are provided. When an external flashing
means is uzed, the accuraey is that of the Aashing source.

Duration of Flash: Between 5 and 1O microseconds.

Power Supply: 105 to 125 volts, 60 eyveles. Prices for
operation from lines of other voltages and frequencies
will be quoted on request.

Power Input: 35 watts,

Vacuum Tubes: One Tyre 631-P1 Strobotron, one
G6X5-GT/G and one 6NT-GT /G are required. A complete
set of tubes is furnished with the instrument.
Accessories Supplied: Seven-foot line connector cord
and plug to fit contactor jack.

Mounting: Metal cabinet with earrying handle.
Dimensions: 714 x 8% x 974 inches, over-all.

Net Weight: 94 pounds,

Type Code Ward Price
631-B Strobolae. o puy cosisre sin s i BRAVO $125.00
631-P1 Replacement Strobotron. . ........... SENNA 5.00

PATENT NOTICE, See Note 15, page vi,

GENERAL RADIO COMPANY 3



STROBOSCOPES

TYPE 648-A STROBOLUX®

Tryre G458\ Strobolux.

USES: The Tyre 648-A Strobolux extends the
usefulness of the Strobotae to applications re-
quiring considerably more light than the
Strobotron lamp is capable of supplying.
Specifically, it should be used where larger
areas are 1o be illuminated or where greater
light intensity is required.

Although not as fast as the Microflash, the
Strobolux has been used in experimental work

for making high-speed single-llash photo-
graphic records of limited areas. It has also
found some application as a light source in
conjunction with a continuous-film camera.

DESCRIPTION: Typre 648-A Strobolux consists
of a power supply and lamp, capable of pro-
ducing brilliant light flashes at speeds up to
6000 per minute. The flashing source is a Tyre
631-13 Strobotac and consequently can be con-
trolled by (1) the seli-contained pulse gener-
ator in the Strobotae, (2) the a-¢ line, (3) an
external contactor (Tyre 549), or (4) an
external oscillator, preferably one which can
supply square wave pulses,

The lamp, filled with a rare gas, furnishes
about one hundred times as much light as that
of the Strobotac.

The entire assembly is housed in a metal
cabinet with the lamp and its 9-inch reflector
on one side. The lamp housing is removable
from the case and is furnished with a 10-foot
extension cable,

FEATURES: The combination of the Tyer
(G31-13 Strobotae and Type: 648-A Strobolux
has all the advantages of the Strobotae itself
plus the feature of high illumination. No
appreciable duplication of facilities 15 in-
volved, so that the purchase of the Tyrs
648-A Strobolux is an economical solution to
problems requiring greater illumination than
is provided by the Strobotac,

SPECIFICATIONS

Range: Up to 100 flashes per second (6000 per minute ).
Single flashes for photography enn also be obtained.
Duration of Flash: Between 135 and 50 microseeands, de-
pending upon flashing speed and upon the setting of the
SPEEDS range switch. The shorter flash is obtained at
the higher speeds.

Accuracy: The accuraey is that of the source controlling
the flushing speed. (See specifications for Tyre 631-1B
Strobotue, page 3.)

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
GO eyeles,

Power Input: 125 watts, maximum.

Vacuum Tubes: One 323 Reectifier and one Tyre G15-P1
Lamp. both of which are furnizhed with the instrument.
MOUI"Itil"Ig: The complete agsembly is housed in 2 sheet
metal ense, The lamp and its 9-ineh reflector are mounted
ot one side, the power supply on the other, The removable
lnmp assembly 1= provided with a Y4 % 20 tapped hole for
tripod mounting.

Accessories Required: A Strobotae is necessary 1o oper-
ate the Strobolux.

Accessories Supplied: A power eable, a eable for con-
nection to the Strobotae, an extension cable for the ]:unp_

Dimensions: 13%g x 1135 x 1314 inches, over-ull.
Net Weight: 31%; pounds.

Air currents eaused by a fan are shown with the aid of
the Strobolux.

Tupe Code Waord Price
648-A SOOI .- . s rivin inamsrsie wiap s mavisTonbtans SCALY $205.00
648-P1 Replacement Lamp. . ................ SURLY 17.50

PATENT NOTICE. See Note 15, puge vi,
*Traude Murk Registered U, 8. Patent Office.

4 GENERAL RADIO COMPANY



STROBOSCOPES

TYPE 549-C SYNCHRONOUS-MOTOR CONTACTOR
TYPE 549-P2 HAND CONTACTOR

USES: These contactors are intended for use
with General Radio stroboscopes as sourees of
accurately  timed controls for flashing, A
plug-in eable is provided for connection be-
tween the contactor head and the Strobotac.
DESCRIPTION: The svnchronous-motor con-
tactor, Typr 549-C, when driven from a 115-
volt, 60-cyvele line, is capable of flashing a
Tyree 631-13 Strobotae at any rate between 150
and 3600 [lashes per minute, The contactor is
driven by an 1800-rpm self-starting synchro-
nous motor, Flashing rate adjustment is made
by turning the fluted knob, which changes the
ratio of the (rietion-drive mechanism. A cali-
brated scale gives the flashing rate in flashes
per minute. Phase can be adjusted independ-
ently at the contactor head. Two ranges are
provided, one covering speeds from 150 to
1300 rpm, the other from 700 to 3600 rpm.
These are fundamental ranges; speeds which
are multiples of them can, of course, be
measured. Two dises and two scales are pro-
vided, and the change from one range to the
other can be accomplished in a few minutes.
The contactor head can be removed and
used independently as a hand contactor. A
rubber driving tip is provided for this purpose.

Tyre 5349-C Synchronous-Motor-Driven Contactor.

The uncalibrated head, fitted with rubber

tip so that it can be driven from a rotating
shalt, is available separately as the Tyre
549-P2 [MTand Contactor.
FEATURES: Accurately timed flashing rates as
low as 150 per minute can be obtained. The
phase of the flash, i.e., its time in the flashing
evele, ean be adjusted. This makes it possible
to arrest the motion of a mechanism at any
point in its evele of operation. In many strobo-
scopie investigations this feature is valuable.

SPECIFICATIONS

TYPE 549-C
Range of Flashing Speeds: 130 to 3600 flashes per
minute in two ranges, 1530 1o 1300 and 700 1o 3600.
Controls: One knob, for adjusting speed and the movable
contactor head for adjusting phase. Each is provided with

Tyre 549-P2 Hand Contactor.

a locking arrangement for holding it firmly in the desired
position.
Accuracy: The accuraey is determined by the frequency
stahility of the power line and the amount of wear of the
rubber rim on the driven wheels. When the wheels and
senles are set correctly, the error will inerease as either
seale end is approached, and may be considered to be not
greater than =50 rpm on the low, and =100 rpm on
the high seales,
Power Supply: 105 to 125 volts, G0 exveles,
Power Input: 35 watis,
Accessories Supplied: Power cable; rubber driving tip
for use ag a hand contuetor.
Mounting: Motor and contactor are mounted on an
aluminum base, Changing from the high to the low speed
range, and viee versa, necessitates changing the size and
position of the driven dise. Two sets of mounting holes,
two dises, and two scales are provided for this purpose.
Dimensions: (Length) 934 x (width) 6%; (height) 434
inches, over-all.
Net Weight: 10, pounds.

TYPE 549-P2
Dimensions: (Length) 7 x (dismeter) 31§ inches, over-all,
Cord: Connecting cord is furnished.
Net Weight: 25§ pounds.

Type Code Waord Price
549-C Synchronous-Motor Contactor. . ... ... MACAW $100.00
549-P2 Hand Contactor....: .. cuvsaswsmms MADAM 40.00
549-373 Replacement Disc (150-1300 rpm)... . HYDRA 9.00
549-371 Replacement Disc (700-3600 rpm).... HYMEN 4.50

PATENT NOTICE. See Note 13, page vi.

GENERAL RADIO COMPANY 5



STROBOSCOPES

TYPE 651-AG CAMERA

USES: The Typrr 651-AG Camera is intended
for use in taking high-speed stroboscopic
pictures at rates between about 500 and 1500
frames per second. These pictures are useful

for analyzing the operation of rapidly moving
mechanisms, and can also be projected in
“slow motion.” Since the camera has no
shutter, and the film is continuously in
motion, the illumination must be provided
by a high-speed, high-power stroboscope,
such as the Tyer 621-M (see next page),
which also includes the necessary switching
controls. This eamera can also be adapted for
taking high-speed oscillograms in conjunc-
tion with a cathode-ray oscilloscope. When
the eamera iz used with other light sources,
which must also be of the “flashing” type,
suitable control equipment must be devised.

DESCRIPTION: The camera is similar in gen-
eral construction to the Tyer 651-AE Oscillo-
graph Recorder (deseribed on page 136), but
only a single motor, which drives the lower
or take-up reel, is used. A governor mounted
on the sprocket shaft controls the speed of
the motor to give a constant film speed. The
commutator, which trips the stroboscope at
single-frame intervals on the film, is made an
integral part of the sprocket. The Tyre
651-P5 Lens which is recommended for use
with this camera has an aperture of /1.5,
2-inch focal length, and a focusing range of
8 to 100 inches. A spark coil, which can be
excited from an external source such as the
Tyre 631-13 Strobotae, is provided on the
camera to furnish timing marks on the film.

SPECIFICATIONS

Film: Any type of 35-mm film with standard perfora-
tions ean he used. A high-speed-emulsion type is
recommended,

Film-Speed Range: From ahout 35 to 100 feet per
second adjustable by means of the governor. This range
correzponds to about 300 to 1500 standard *;-inech frames
per second.

Lens System: Lens must be purchased separately. The
Tyee 651-P3, f/1.5 x 2" is recommended (see price list
below), This lens is supplied complete with an iris dia-
phragm and focusing mount and is installed on the
camera with a mounting plate.

Focusing: With Tyer 651-P5 Lens as supplied, the
focusing range is 8 to 100 inches, Foeusing isaceomplished
by viewing the image, on a translucent sereen placed on
the sprocket, through a telescope at the rear of the
eamera, Windows are provided in the sprocket for this
purpose.

Reels: Specially made reels ave supplied. It is important
that these be used, since ordinary commercial reels do
not operate satisfactorily at high film speeds. Capacity
of reels, 100 fect.

Drive System: The film is driven by a 115-velt uni-
versal motor on the take-up reel. For high speeds, the

motor is driven by higher voltages, and 230 valts can
he applied without damage for the short period that the
camera operates.

Speed Control: The voltage applied to the motor must
he adjustable, and a Tyee V-5H or V-5IIMT Variac is
recommended for this purpose. This Variac is supplied
as part of the Tyee 621-M Power Stroboscope when that
equipment is used with the eamera. An adjustable
eleetrieal governor, which keeps the film at constant
speed, is mounted on the sprocket shaft. Speed is changed
by adiusting the governor and setting the Variac at
approximately the correct voltage for the desived speed.
Starting: Full speed is attained in from 10 to 40 feet
of film travel, depending upon the amount of film on the
reel and the operating speed.

Commutator: The commutator is integral with the
sprocket inside the housing, and iz provided with a
contact pressure adjustient.

Accessories Supplied: Power cable, cable for connect-
ing to power stroboscope, spare reel, rewind adaprters,
and light-shield band for film reel.

Dimensions: (Height) 1615 x 1174 x 8 inches, over-all.
Net Weight: 3024 pounds.

Tyne Code Word Price
651-AG CUPEFI L s s wes ansansim s s e s | DIRGE $693.00
651-P5 Lens f/1.5 x 2"/, mounted . .. ......... DIARY 165.00

PATENT NOTICE. See Note 13, page vi.
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STROBOSCOPES

TYPE 1533 HIGH-SPEED MOTION-PICTURE ASSEMBLY

USES: This equipment consists of an ultra-
high-speed light source and a continuous-film
camera.  With  this  combination, motion
pictures of transient and non-repetitive phe-
nomena can be.taken at speeds up to 1500
frames per second. The film can be projected
at normal speeds, for slow-motion studies,
or can be analyzed, frame by frame, and the
data plotted to provide the desired informa-
tion. This high-speed motion-picture assem-
bly has been successfully applied to the
solution of a number of industrial and engi-
neering problems; among them transient mo-
tions in automatic machinery, the mechanisms
of chemical engineering processes, and cavita-
tion of propellers under water. Single- and
multiple-flash photographs on a single film are
also possible with this equipment.

DESCRIPTION: The Tyre 1533-A ITigh-Speed
Motion-Pieture Assembly comprises the Type
621-M  Power Stroboscope and the Typwm
651-AG Camera (see preceding page).

The principal difference between the power
stroboscope and smaller models lies mainly in
the size of the power supply. Since the power
demand of a stroboscope is proportional to
light intensity and to flashing speed, the
power input to this stroboscope is considerably

greater than that required for smaller instru-
ments, and about 3 kilowatts is required
when pictures are being taken.

The eamera has no shutter, and the film isin
continuous motion. Framing is accomplished
by a commutator on the sprocket, which
flashes the stroboscope at intervals of one
frame. All controls for operating the camera
and lamps are on the power supply panel. Two
lamps are furnished to provide adequate
illumination.

Sinee the heat dissipated in the lamps is
considerable, the power stroboscope is not
intended for continuous operation. A little
over one second Is required to expose a
100-foot roll of 35-mm film.

FEATURES: » Motion pictures at speeds up to
1500 frames per second can be taken with this
equipment,

» An exposure time per frame of approxi-
mately 1/100,000 of a second is possible at
all frame speeds.

» Camera film speeds up to 100 feet per
second make possible the recording of ex-
tremely rapid transients when photographing
high-intensity cathode-ray tubes having non-
persistent sereens.

GENERAL RADIO COMPANY 7



STROBOSCOPES

SPECIFICATIONS

Flash Duration: Ahout 10 microseconds.
Frame-Speed Range: Approximately 500 to 1500
frames per second, adjustable by means of the governor
on the camera. For other camera details see page 6.
Power Input: Approximately 3 kilowatis,

Power Supply: 230 volts, 50 to 60 eyeles, single phase.
Tubes: IF'our 866-A Rectifiers, two Tyre 621-P14 Ilash
Tubes, two Type 621-P15 Mereury Tubes, one 80
Reetifier, one Type 631-P1 Strobotron, and one FG-67
(G-I2) Thyratron.

Mounting: The power stroboscope is housed in a metal

Type

cabinet, with casters, and operating controls are on the
front panel. Lamps and eamera connect to the power
supply by cables, as shown in the accompanying photo-
graph.

Dimensions: Power Stroboscope, 24 x 20 x 26 inches
over-all; Camera, see page 6,

Accessories Supplied: Power eable, all necessary con-
trol eables, contactor plug, spare pilot lamps, flash tubes
and contrel tube, and all aceessories normally supplied
with Typre 651-AG Camera.

Net Weight: 225 pounds.

Cade Word Price

1533-A

PATENT NOTICE, See Notes 15, 23, page vi,

High-Speed Motion-Picture Assembly ‘

MANGY I $3,400.00

TYPE 1530-A MICROFLASH

USES: The Microflash is a light source for
single-Aash, ultra-high-speed photography. It
providesa high-intensitylight flash whosedura-
tion is approximately 2 millionths of a second.
Consequently, it is capable of arresting ex-
fremely rapid motion. Conventional camera
equipment is quite satisfactory for use with the
Microflash.

Photographs of objects moving at ex-

tremely high speeds are possible with the
Microflash, and it finds many applications in
engineering and the physical sciences, particu-
larly in such fields as ballistics, hydraulies,
kinematics, and industrial chemistry.

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.

8 GENERAL RADIO COMPANY



STROBOSCOPES

DESCRIPTION: The 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-c power line,
charge a capacitor across the lamp terminals.
An electrical impulse, which may be derived in
any one of several ways from the phenomenon
to be photographed, ionizes the gas in the
lamp, and the energy stored in the capacitor is
dissipated in a discharge through the lamp,
producing a short brilliant flash. A minimum
of 10 seconds is required between flashes for
the capacitor to become fully charged.

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

FEATURES: The outstanding feature of the
Mieroflash is 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 can be obtained of
bullets and other projectiles in flight.

(Right) The Microflash was used as the light source in
taking this photograph of a 20-mm shell crashing through
shatter-proof glass.

SPECIFICATIONS

Duration of Flash: Approximately 2 microseconds.

Guide Number: The so-called guide number (Distance in feet x
aperture) for the Mieroflash is about 45 with moderately fast film,
and with the subject several feet from the lamp.

Temperature and Humidity Effects: Temperature and humidity
variations (32 to 100° F, 0 to 95% R.H.) have no appreciable effect
upon the operation of the instrument.
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60 eycles.
Power Input: 70 watts.
Tubes:

1—5U04-G ‘1 —FG-17 (GL2)

1—2V3G 1 — 6ACT (1852)

1 — Tyre 1530-P1 (General Radio)

Accessories Supplied: Microphone with cable; tripod; all tubes;
2 spare flash lamps Type 1530-P1; plug for connection to contactor-
trip jack; power cable.

Mounting: the power supply and trigger circuits are assembled in
one metal ease, the lamp in another. The two cases lock together for
transportation, completely protecting the lamp and controls.

Dimensions: 2415 x 1314 x 1134 inches, over-all.
Net Weight: 72 pounds.

(Right) View of the Mieroflash assembled for transportation

Ty pe Code Word Price
1530-A T N — TAFFY | $600.00*
1530-P1 Replacement Flash Lamp. . .......... TONIC 22.00*

*Plus current Federal tax on photographie equipment.
PATENT NOTICE. Sece Notes 15, 23, page vi.
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INSTRUMENTS FOR THE MEASUREMENT
OF NOISE AND VIBRATION

Gexkral Rapto noise meters and vibration meters provide means of measuring objectively the
noise and vibration generated in machines, appliances, and similar equipment. With the sound-
level meter, noise levels can be measured. acceptance tests based on objective standards ean
be set up, and production line testing for noise ean be casily and simply carried out. The sound
analyvzer permits an evaluation of the imdividual frequeney components of the noise, which ean
be used to identify specific noise sources arising from laulty adjustment or manufacture. ‘These
instruments are equally useful in the laboratory and design department as aids to the testing
and proving of experimental models.

The vibration meter and vibration analyzer measure solid-borne vibrations in the same way
that the sound-measuring instruments measure air-borne vibrations,

Three types of response wre provided: displacement ; velocity; and acceleration; so that all
the significant characteristies of the vibration can be measured. By means of the analyzer,
single compenents can be seleeted and measured. Thus, vibrations characteristic of eritical
parts can be conveniently and quickly evaluated.

Gieneral Radio sound- and vibration-measuring instruments are more completely desceribed

in The Noise Primer, a copy of which will be mailed on request.

TYPE 759-B

SOUND-LEVEL

METER

USES: The Tyrr 759-B Sound-Level Meter is
suitable for all types of commercial and in-
dustrial noise measurement. Manufacturers of
machinery and appliances use it for measuring
produet noise both in the research laboratory
and in production. Sound transmission and
absorption and the acoustical properties of
materials can also be measured with it. It
meets equally well the requirements for noise
measurement in surveys of the psyvehological
and physiological effects of noise.

For the industrial plant, it provides a means
of measuring product noise, setting up noise
standards. aceepting or rejecting products on
the basis of noise tests, and, finally, analvzing
and correcting trouble in the rejected units.

In this last use, as in many others, a fre-
queney analysis of the noise is usually valu-
able. I"or this purpose. the T'yre 760-A Sound
Analvzer (see page 13) has been spocifically
designed.,

The usefulness of the sound-level meter mayv
he extended to include vibration measurements
by =ubstituting a vibration pickup (see page
12) for the mierophone. The low-frequency re-
sponse of the sound-level meter is sufficiently
good 1o permit vibration measurements at fre-
quencies down to 20 eyeles. Such measure-
ments include the fundamental and harmonie
frequency vibrations of machines rotating at
1200 rpm or higher, as well as many structural
FESONAICES,
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For vibration measurements below 20 cy-
cles, however, the Typr 761-A Vibration Meter
is recommended (see page 15).

DESCRIPTION: T'yre 759-B Sound-Level Meter
is an accurate, portable, low priced meter for
reading, in terms of a standard reference level,
the sound level at its microphone.

The sound-level meter consists of a non-
directional microphone, an amplifier, a cali-
brated attenuator, and an indicating meter.
A functional diagram of the system is shown
on page 12.

The complete instrument, including batter-
ies, it mounted in an airplane-luggage type of
case. An a-c power supply unit, Type 1261-A,
Is available and is interchangeable with bat-
teries (see page 102).

NOISE METER

FEATURES: » The sound-level meter is de-
signed to be easily portable. It weighs only
slightly over 20 pounds and is completely self-
contained, including batteries.

» [tissosimple in operation that non-technical
personnel have no difficulty in using it.

» This instrument complies with all the stand-
ards for sound-level meters specified by the
American Standards Association, the Ameri-
can Institute of Eleetrical Engineers, and the
Acoustical Society of America,

> All three frequency response characteristics
recommended by the A.S.A. are provided.

» In addition to the standard meter character-
istics, a heavily damped movement for reading
the average level of rapidly fluctuating sounds
is provided.

SPECIFICATIONS

Sound Level Range: Calibrated in decibels from 24 db
to 140 db above the standard reference level of 107" watts
(a pressure of 0.0002 dynes) per square centimeter in a
free, progressive wave at 1000 eycles.

Frequency Characteristics: The frequency characteris-
tie of the sound-level meter is adjustable to follow three
different curves. The first and second of these are, respec-
tively, the 40 and 70 db equal-loudness contours in
accordanee with the current standard specified by the
American Standards Association. The third frequency
response  characteristic  gives a  substantially  equal
response to all frequencies within the range of the instru-
ment. This characteristic is used when measuring ex-
tremely high sound levels or when using the instrument
with Tyee 760-A Sound Analyzer,

Microphone: The microphone mounts on a folding
bracket on top of the instrument and folds down into a
recess in the panel when not in use. It can be removed
from its mounting bracket for use with an extension
cable and tripod (see price list).

The microphone is of the erystal diaphragm type with
an essentially non-directional response characteristic. [t is
rugged and stable, and its sensitivity is substantially un-
affected by ordinary changes in temperature and humidity.

The absolute level of all microphones is checked at
several frequeneies against a standard mierophone, whose
calibration is periodically checked by the U. 8. Bureau
of Standards.

The high input impedance of the meter eliminates
errors due to deviations in mierophone impedance.

Meter and Attenuator: The sound level is given by the
sum of the meter reading and the reading of a stepped
attenuator. A single knob controls two attenuators
furnishing a total of 100 db attenuation in steps of 10 db.
The indieating meter is approximately linear in decibels,
and its seale is open and easily read. It covers a 16 db
range, thus providing a satisfactory overlap between
the steps of the attenuator. A SLOW-FAST switeh makes
available two meter speeds. With the control switch in
the FAST position the ballistic characteristies of the

meter simulate those of the human ear and agree with
the current standards of the American Standards Asso-
ciation. In the SLOW position, the meter is heavily
damped for observing the average level of rapidly fluctu-
ating sounds.

Calibration: A means is provided for standardizing the
sensitivity of the instrument in terms of any a-¢ power
line of approximately 115 volts,

Accuracy: The frequency response curves of the Tyre
759-B Sound-Level Meter fall within the tolerances speei-
fied by the current ASA standards. When the amplifier
sensitivity is standardized the absolute accuraecy of
sound-level measurements is within =1 decibel for aver-
age 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 normally encountered.
Extension Cable and Tripod: An extension cable and
tripod (Type 759-P21) ean be supplied for using the
microphone at a distance from the sound-level meter.
A correction curve is supplied, giving the eable correction
as a function of temperature. This temperature correction
is usually negligible below 85° Fahrenheit.

Batteries: A single block battery (BA48, Burgess
6T AGO) is used and one is supplied with the instrument.
The Type 1261-A Power Supply is available if a-¢ oper-
ation is desired (see page 102).

Tubes: Three IN5-GT /GG and one 1DS-G'T" are required.
A complete set is supplied with the instrument.
Accessories Supplied: Power cord (for calibration
check); telephone plug; spare pilot lamp.

Case: The sound-level meter is mounted in a shielded
carrying case of durable airplane-lugeage construction.
Dimensions: The over-all dimensions are approxi-
mately: (height) 11)4 x (length) 13'4 x (width) 914
inches.

Net Weight: 221{ pounds, with battery; 17} pounds,
without battery.

Type Code Word Price
759-B Sound-level Meter.................. NOMAD $320.00
Replacement Battery for above .. ... .. NOMADNUBAT 5.15
759-P21 Extension Cable (25 ft.) and Tripod KIMBO 25.00

PATENT NOTICE, See Notes 1, 2, page vi,
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ACCESSORIES

VIBRATION PICKUP AND CONTROL BOX

The Tyer 759-P35 Pickup and Tyre 759-
P36 Control Box have been designed for use
with the Tyre 759-B Sound-Level Meter.

The Tyrr 759-P35 Vibration Pickup is an
inertin-operated ervstal deviee which generates
a voltage proportional to the aceeleration of
the vibrating body. By means of integrating
networks in the control box, voltages propor-
tional to velocity and displacement can also
be delivered to the sound-level meter. The de-
sired response is selected by means of a three-
point switch on the control box,

SPECIFICATIONS

Calibration: The db readings of the sound-level meter
sun be converted into absolute values of !“.‘-|'|.'l""1rll‘ll'|,
velocity, or acceleration by means of ealibration data.
Range: The range of measurement of the pickup and
control box when used with the Tyre 7539-B Sound-1
Meter is approximately as follows:

R-m-s Amplitude — 30 micro-iy

R-m-= Velocity — 1000 micro-inehes per second (mini-

vel

heg (ninimunm ).

mn), The upper limit of velocity and displacement

measnrements is dependent on the frequeney and is
determined by the masimum acceleration permissible
before lum—“m':nil_\' oceurs (10 g,

R-m-s Aveeleration 003 1o 4900 1. /see fsec (10 ).
The vibration pickup and control box plug into the Frequency Characteristic: A tvpicul response eurve is
sound-level meter in place of the microphone, as shown shown. For frequencies below 20 eveles per second the
here. Tyre 761-A Vibration Meter should be used.

Mounting: Both vontrol box and pickup are housed in
moetal containers, finished in bluek lucguer.

Net Weight: Tyre 759-P35 Vibration Pickup, » ounces
(pickup only ): pickup plug eable and tips, 1 pound:
Tyee 755 P36 Control Box, 1 pound, 6 ounces.

LEVEL IN
DECIBELS
°© o

-0
o

FREQUENCY = CYCLES PER SECOND

T_-;;ri' i '--.-r'-_H ord  Priee

Over-all frequeney response charaeteristie of the vibra- 759-P35 | Vibration PECkup NOSE) $4000
|i'l»u piekup, r.'.r-1|||:a:] iu-nx. and sound-level meter. 759-P36 | Control Box. ... .| NANNY 50.00

A-C POWER SUPPLY FOR THE TYPE 759-B
SOUND-LEVEL METER

The Tyre 1261-A Power Supply deseribed on page 102 can be used to operate the Typr
759-13 from the a-c¢ supply line.

CALIBRAT ION
ADJUSTMENT

LOGARITHMIC

AT TENUATOR . NC N\ RECTIFIER
30-60de w

67010 dio

Funetional bloek diagram of the Tyrr 7509-B Sound-Level Meter.
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NOISE ANALYZER

TYPE 760-A SOUND ANALYZER

USES: The Typr 760-A Sound Analyzer has
been designed particularly for analyzing ma-
chinery noises or noise levels caused mainly by
electrical or mechanical equipment. The in-
strument is partieularly well adapted for an-
alyzing the sound made by automobile and
airplane motors and industrial or houschold
equipment. In the communications labora-
tory, this instrument is useful as a harmonic
analvzer and as a selective bridge balance
indicator.

DESCRIPTION: The Tyer 760-A Sound Analy-
zer consists of a three-stage selective amplifier,
operating on the degeneration prineiple and
having o constant percentage band width,
combined with a vacuum-tube voltmeter hav-
ing approximately logarithmie characteristies
over a wide range.

The prineiples on which the analvzer op-
erates areshown in the accompanying diagram.

The instrument was designed particularly
foruse with the Tyer 759 Sound-Level Meter,
and this combination provides an accurate and
convenient means for measuring not only the
actual level of sound, but also the relative am-
plitudes of the component frequencies,

FEATURES: » Simplicity and convenience
of operation were considered to be of primary
importance in the design of this instrument.
» The entire frequency range of the instru-
ment can be scanned quickly and easily. The
frequency is read from a single dial, which can
be rotated continuously in either direction,
and a set of push-button multiplicrs.

> Stabilized eireuit precludes the necessity of
battery adjustments and a ballast lamp main-
tains constant voltmeter accuracy regardless
of battery condition.

> A =ingle logarithmic meter seale covers the
complete amplitude range so that no meter
multipliers are needed.

> lixternal magnetie fields have no appreciable
effect on accuraey beeause the cireuit elements
consist only of resistors and eapacitors,

> The band width is a constant percentage of
the frequency to which the analyzer is tuned,
which facilitates measurements on machines
that do not run at absolutely constant speed.
» The case matches that of Typre 759-B
Sound-Level Meter, and the instrument is
small, portable, and light in weight.

> As a bridge balanee indicator, the analyzer
has the advantages of a high degree of sclec-
tivity and a logarithmic meter scale.

GENERAL RADIO COMPANY 13



SOUND ANALYZER

The Tyrr 759-B Sound-Level Meter and the Tyee 760-A

Sound Analyvzer arve useful for the study and analysis of

office machinery noizes (shown above is an automatie

addressing machine) as well as for measurements on in-

dustrial muchinery, operating houschold appliances, and
other equipment.

SPECIFICATIONS

Frequency Range: (alibrated directly in eyeles per
second from 25 to 7500, This total range is covered in five
complete turns of the tuning knob, the ranges on the
various dial rotations being 25 to 73, 75 1o 250, 250 1o
730, 750 to 2500, and 2500 to 7500 eyeles. A push-button
switeh allows immediate change of the main control to
any ane of these ranges.

Frequency Calibration: The accuracy of frequency eali-
bration is =119 of the frequeney to which the dial is
set or =114 eveles per second, whichever is the larger.
Voltage Range: The analyzer will give usable indications
on input voltages ranging from 1 millivelt to 10 volts.
The meter scale is ealibrated for reading directly com-
ponent tones down to 19 of the sound pressure (or
voltage) of the fundamental or loudest ecomponent.
Aceordingly, to make full use of this feature, the input
voltage at the loudest component or fundamental should
be 0.1 volt or higher.

Input Impedance: The input impedance is between 20),-
000 and 30,000 ohms, depending upon the setting of the
sensitivity control. A blocking eapueitor is in series
with the input.

Tupe

Frequency Response: The response is flut within =2 db
over the entire range. At points where two ranges overlap,
the sensitivity is the same on either range, within 41 db.
Band Width: The average seleetivity is such that the
relative attenuation is 3 db at 19, off the peak to which
the analvzer is tuned.

Temperature and Humidity Effects: Under very
severe conditions of temperature and humidity only
slight, and generally negligible, shifts in calibration, sensi-
tivity, and band width will oceur.

Meter: The indicating meter is ealibrated down to 19 of
the fundamental or loudest component of the sound. A
decibel seule is also ineluded, extending to 40 decibels
below the fundamental or loudest component.
Telephones: A juck is provided on the panel for plugging
in u pair of heud telephones, in order to listen to the actual
component of the sound to which the instrument is tuned.
This is also useful when the analyzer is used as a bridge-
halance indicator,

Tubes: Three 114 and one 135 tubes are required. A
neon regulator tube (Tyee 2LAG-949) is also used. A
complete set of tubes is supplied with the instrument.
Batteries: The batteries required are four Burgess No.
2IFBP 1.5-volt batteries, or the eqguivalent, and three
Burgess No. Z30NX 45-volt batteries, or the equivalent.
A compartment is provided in the ease of the analyzer
for holdiln{ all batteries, and conneetions are automati=-
cally made to the batteries when the cover of this compart-
ment is elosed. A set of batteries is included in the price
of the instrument.

Accessories Supplied: A shielded  eable-and-plug
assembly for connecting the analyzer to the sound-level
meter; and one spure neon regulator tube.

Case: The analyzer is built into a shielded carrving case
of airplane-lugeage construction,

Dimensions: (Length) 18 x (width) 10 x (height) 1124
inches, over-all.

Net Weight: 3614 pounds, with batteries; 29%{ pounds,
without batteries,

DEGENERATION NETWORK

AMPLIFIER

A functional diagram of the general type of cireuit used
in Tyre 760-A Sound Analyzer. The system consists of
an amplifier with a propagation constant w and a feed-
back network with a propagation constant 8 having the
frequency characteristies shown above. The degeneration
network is highly selective, and at its null point the nor-
mal gain of the amplifier i obtained. At lower and higher
frequencies degeneration oceurs, and the gain of the
amplifier is greatly reduced.

Code Waord Price

760-A Sound Analyzer. .

PATENT NOTICE- See Notes 1, 24, page vi.

Set of Replacement Batteries for Above ..............

ATTAR
ATTARADBAT

$400.00
10.19
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VIBRATION METER
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TYPE 761-A VIBRATION METER

USES: With the Tyre 761-A Vibration Meter
measurements of the vibratory characteristies
of machines and structures can be made quickly
and easily. The excellent low-frequency re-
sponse ol this instrument makes possible the
measurements of vibrations at frequencies as
low as two eyeles per second. This permits the
study of the operation of belt drives and of the
effectiveness of mountings designed to reduce
vibrations in adjacent structures.

For the manufacturer of machinery and
equipment, the Type 761-A Vibration Meter
is extremely useful in research, design, and
production testing. Maintenance engineers will
find the instrument useful for checking the
operating condition of bearings, gear trains,
and other mechanisms. With this instrument
excessive vibrations due to improper adjust-
ment or design and to structural resonances
can be located and measured.

DESCRIPTION: The Tyrr 761-A Vibration
AMeter consists essentially of a vibration pick-

up, an adjustable attenuator, an amplifier,
and a direct-reading indicating meter. The
pickup is of the inertin-operated ervstal 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
veloeity or displacement, The tyvpe of re-
sponse is selected by push-button switches.
Thus the acceleration, veloeity, and displace-
ment of a vibrating body can be measured
independently.

Calibrations are made in terms of r-m-s
values. The basie units in which the instru-
ment is calibrated, inches and seeonds, are the
simplest and least confusing of those commonly
used. Acceleration is read directly in terms
of inches per second per second, velocity in
micro-inches per second, and displacement in
micro-inches. Calibrations are made on a
motor-driven precigion vibrator, which pro-
duces essentially sinusoidal vibrations.
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VIBRATION METER
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FREQUENCY IN

FEATURES: » Portable, self-contained and
simple to operate, the vibration meter is simi-
lar in design and appearance to the sound-level
meter and sound analyzer.

> No reference to calibration figures is neces-
sary beeause the meter indicates directly the
quantity under measurement.

» Flexibility and completeness in the meas-
urement of vibration are afforded by the three
response characteristies— displacement, veloc-
ity, and acceleration — and the low-frequency
response — 2 cycles per second.

(Left) Over-all frequency characteristies of the vibration
meter, including the vibration pickup.

SPECIFICATIONS

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

Vibration

Quantily Rangse

Displacement 16 micro-inches to 30 inches, rms.

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

Acceleration 0.160 inch per second per second to 3900 inches per scecond per second, rims.

RESPONSE CHARACTERISTICS: The response follows theoretical curves of the quantity measured,

va, frequency within the following toleraneces,

QQuantity Rang Tolerance Frequeney Range
Acceleration (0.160 in. /sec fsee to 3900 in. /see [see =+ 109 4 to 500 cps Down 259 at 2 cps
Velocity 1600 gin, /sce to 300 in. /see =+ 109, 5 to 500 eps Down 409, at 2 cps
Velocity Below 1600 uin. /sce #1579 20 to 300 eps Down 259, at 10 eps
Displacement 160 pin. to 30 in. 109 10 to 500 eps Down 509 at 2 eps
Displacement Below 160 win +=15% 20 o 300 eps Down 259 at 10 eps

Above 500 eps the error increases and may reach =307 at 1000 eps. This is eaused by the differences in response of individual pickups
NeAr resonanee.

Pickup Unit: The vibration |li.1'kll|1 is of the inertia-
operated ervstal type, housed in o east aluminum econ-
tuiner. The maximum vibration aceeleration which ean
be impressed upon the pickup belore non=linearity occurs
is 10 ¢ or 3900 inches per second per second. Point and
ball tips and an S-<inch extension rod are supplied.
Meter: The indicating meter has o seale which reads
1|ir|'l-T|_\ in the '{H.‘lllliT_\' being measured — r-m-s miero-
inches for displacement, r-m-s micro-inches per second
E”r \'I']'H'i.:_\', .'Ifl'i r=mn=s i]“'lll"‘ Ill.'f “'{’i'll]]'i iN.,'." ."l‘l“'“ll(l ff)l‘
acceleration.

Attenuators: A 10-step attenuntor is provided which
changes the meter seule ealibeation over u range of 30,000
to 1, Additional multipliers are provided which indieate
the correct units of meassurement and Jllllllip]_\'ill:: factors
for each response characteristie.

Calibration: A ealibrating eireuit is provided in the in-
strument which, by connection to any a-¢ power line,
makes it possible to cheek the over-all ealibration of the
vibration meter, excluding the vibration pickap.
Telephones: A juck is provided on the panel for plugging
in o pair of head telephones in order to listen to the vi-

Ty P

brations heing measured, for connecting the I'yre 762-B
Vibration Analyzer, or for econnecting a enthode-ray
oscillograph, Practically any load impedanee ean be im-
pressed across this output telephone jack without affect-
ing the reading of the meter.

Tubes: T'hree IN5-GT/G tubes and one 1D8-GT tube are
n-qnil'l':i. A 4‘um|\11-n' set of tubes is :il]]ipiil'f].

Battery: A single battery unit, BA4S, Burgess 61A60,
which supplies the necessary plate and filament voltages,
is included.

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

Case: The unit is built into a shielded carrving ease of
airplane-luggage construetion, covered with durable black
waterproofl material, and equipped with ehromium-plated
corners, clasps, ete.

Dimensions: The over-all dimensions are approximately:
(height) 1214 inches x (length) 1314 inches x (width) 914
inches.

Net Weight: 223{ pounds with battery; 173{ pounds
without |1:|I'tl‘l‘_\"

Code Word Price

761-A
Replacement Battery for Above .

PATENT NOTICE.
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See Note 1, page vi.
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TYPE 762-B VIBRATION ANALYZER

USES: T'he Tyrer 762-13 Vibration Analyzer
makes possible the analysis of vibration phe-
nomena having fundamental frequencies as
low as 2.5 eveles per second. It is intended
primarily for use with the Tyre 761-A Vibra-
tion Meter but ean also be used for general
harmonie  analvsis  of  verv-low-frequency
voltages in the laboratory.

The frequency range covered (2.5 eyeles to
750 eyeles) includes practically all frequencies
normally encountered in vibration studies,
from the fundamental vibrations of ships and
other large structures to the unbalance vibra-
tions of high-speed centrifuges.

DESCRIPTION: The analyzer is similar in all
essential characteristics of performance, con-
struction, operation, and appearance o the
Tyrr 760-A Sound Analyzer (page 13) except
that the frequeney has been lowered by a fac-
tor of 10 and provision has been made for
operation with broad seleetivity if desired. The
latter arrangement is particularly useful in
identifving components in the two lowest fre-
quency ranges (2.5 to 25 cveles per second)
and in making analyses involving components
that vary slightly about & mean frequency,

SPECIFICATIONS

Frequency Range: 2.5 to 750 eyveles, covered in five
ranges as follows: 2.5 10 7.5, 7.5 10 25, 25 to 73, 75 to 250,
250 to 750,

Band Width: For the sharp selectivity position, the rela-
tive attenuation is approximately 3090 (3 db) at o fre-
quency differing }l_\ 1% from that to which the a \Zer
is tuned. For the broad selectivity position, the attenua-
tion is at lenst 309, {or a frequeney difference of 57, At
one octave from the ;n’.‘lk, the relative attenuntions are
at least 0890 (35 db) and 909 (20 dhb), respectively,
Frequency Calibration : The aceuraey of frequeney eali-
bration of the sharp selectivity network is :'I"_'- o Or
is the larger, over the three

4144 eyeles, whichever
IFor other sperifications see

NI

(25 to 750 ecyeles): on the

two lower

highest ranges
ranges
eyvele, whichever is the lar
mined with the broad selectivity network deviates on
that determined

(2.5 to 25 eveles), the @ acy is 5% o

. The frequency s deters

a1

the average hy less than =29 from
with the sharp seleetivity network.
Frequency Response: The response of the sharp selee-
tivity network ix flat within =2 db over the entire
range. At Tminl-u where two ranges u\vrl:l;n, the ‘-n-I:.\iIi\'il_\'
is the same on either range within 2=1 db. The sensitivity
of the hroad w(‘li'f'li\il_\' network is the sume n= that of
the sharp selectivity network within =2 dbh.

Tyre T60-A, page 14,

ol Prici

Word

762-B
PATENT NOTICE.

| Vibration Analyzer. ... ......

See Notes 1, 24, page vi.
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VARIACS

VARIAC™

USES: The VARIAC is a voltage control that
finds applications in shop and laboratory wher-
ever a-¢ voltage must be adjusted smoothly
and continuously. Thousands are in use for
motor speed control; for heat control on elec-
tric ovens and furnaces; for illumination con-
trol in auditoriums, photographie studios, and
darkrooms; as voltage controls in laboratory
testing and research; and as output voltage
controls in transformer-rectifier systems.

Although designed primarily for use at ordi-
nary power frequencies, VARIACS are equally
useful as voltage controls in power circuits
operating at higher (requencies.

In the testing and calibration of voltmeters,
ammeters, wattmeters, and power - factor
meters, the VARIAC ix o convenient source of
adjustable voltage, and, by using combina-
tions of VARIACS, the phase of the test
voltage can be varied, as well as the amplitude.

Twoand three-gang assemblies of VARIACS
are available for use on three-phase syvstems.
With the largest units, volt-ampere loads up
to 25 kva can be controlled in this way.
Although VARIACS are built for 115 and 230-
volt service, they can be used on circuits of
higher or lower voltage in conjunction with
fixed-ratio auxiliary transformers and auto-
transformers.

DESCRIPTION: The VARIAC is a continuously
variable autotransformer supplying an output
voltage from zero to above line voltage. It con-
sists of a single-layer winding on a toroidal
iron core, As the dial is rotated a earbon-brush
contact traverses the winding, “tapping off” a
portion of the total voltage across the winding.
The brush is always in contact with the wind-
ing, and the voltage between tums is always
less than 1 volt, even in the largest models,
while in the smallest model it i only about 0.3
volt. The actual inerements of voltage obtained
as the dial s turned arve always less than the
voltage between turns, the action of the earbon

Funetional diagram of the VARIAC.

brush being such that the change in voltage is
practically continuous. The resistance of the
brush is so chosen that no excessive heating
can occur in the short-circuited turn.

FEATURES: Clompared to resistive methods of
voltage control, the VARIAC has the advan-
tages of high efficiency, smooth control, good
voltage regulation, and comparatively small
size. Because the output voltage is essentially
independent of load, a linear variation of volt-
tage is obtained, VARIACS also furnish out-
put voltages above line voltage, making it
possible to compensate for under-voltage lines.
» Today’s VARIACS, the new V-models, are
more useful, more reliable, and more efficient
than ever before. Among their outstanding
[eatures are:

» Gireatly increased ratio of output to weight.

» New unit brush — easily changed in a few

seconds,
» Unaffected by vibration — constant pres-
sure — brush holder cannot, contact winding
surface.

» Shaft reversal to convert from panel to table
mounting is accomplished by loosening and
tightening two serews — does not affeet brush
adjustment,

» Rubber feet prevent damage.

» [xtra terminals for mid-winding taps facili-
tate the use of auxiliary transformers.

» (Case easily and quickly removed — tabs au-
tomatically register the model number for all
combinations,

> Direct-reading voltage scale has large, easily
read numbers.

P Brush travel limited by resilient stop.

> Terminals have both screw and solder
connections, casily accessible and  logieally
arranged.

> Heavy duty switeh in mounted small models
breaks both sides ol line,

» Attractive case — rounded contours — no
sharp edges.

P Aluminum structural parts mean lighter
weight and minimum corrosion.

» Durable black lacquer baked finish — wear
and abrasion resistant.

» Uniform
machine.
» “Ivprolapped” commutator surface —
plane ortented for uniform brush pressure and
contact, with resultant minimum wear.

windings on  newly designed

*T'rade Mark Registered U, S, Patent Othee.
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VARIACS
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VARIACS used a3 eonvenient continuously-ndjustable controls in high-voltage equipment designed for testing of

linemen's rubber gloves, Courtesy of Boston Edison Com peanyy.

GENERAL SPECIFICATIONS

Models ranging in eapacity from 170 va to 7 kva are
listed on the next page. Specifications are for 50 to GO-
evele servicee,

Rated Current can be drawn from the VARIAC at any
dind position, It is limited by heat loss in the winding.
Maximum Current can be drawn at low voltages or at
voltages near the input voltage, It is limited by losses in
the carbon brush. Currents up to 1509, of this value
ean be drawn for brief periods without damage to the
VARIAC,

Input Voltage is the voltage that should be applied to
the input terminals to make the dial calibiration correet.
All 230-volt VARIACS have extra taps for use on 115-
volt lines. When so used, the rated current is redueed by
i fu'!nr of 2, and the regulation is not as good as with
u 230-valt input. At 50 eyeles the overvoltage conneetion
must nat be used if the input voltage is over 115 (or 230)
volts,

Output Voltage is the range of voltage available ut the
output terminals, with rated voltage applied to the input
terminals,

Load Rating is the maximum output eurrent multiplicd
by input voltage. A VARIAC can handle, at any lower
setting, u constant impedance load which draws at input
voltage o current no greater than the
current.’”

Temperature Rise: The ratings of VARIACS are based
on o temperature rise of 30° Centigrade, or less, at 60
eyeles.

“maximum

At 50 exeles, the temperature rise may exceed
the above value slightly but the VARIAC ean be safely
operated at full voltage and eurrent ratings.

Operation at 25 Cycles: Ou 25-cvele supply, VARIACS
should be operated st one-half rated voliage or excessive
heating will result. Thus 230-velt models can be used on
115-volt, 2-‘)'—!’}.'!'Il‘ linges,

Higher Frequencies: At frequencies above G0 eveles all
VARIACS can be used at full rated eurrent and voliage.,
No-loud losses will be reduced compared to the G60-eyele
values, bat regulation will be poorer, owing 1o inereased
leaknge resctance,

No-Load Loss is mensured at 60 exeles with rated input
voltage. The values quoted in the table ure the guaran-
teed maxima.

Driving Torque is the torque required to turn the
VARIAC shaft,

Terminals: (sce also Mounting below) Type 200-1 is
furnished with threaded terminal studs and soldering
s, ‘]'_\'p:'h Va3, V-10, and V-20 have combined solder-
ing and gerew-type terminals; Type 50 models have self-
loeking terminals, and provision for attaching BX eable.

Dial: A reversible dial, reading in output voltage for the
overvoltage eonnection, is provided on all “V'" models.
One side is used for tuble mounting with rotating dial,
the other for punel mounting, with fixed dial and rotating
pointer. Dials ean be supplied on special order engraved
for maximum voltage equal to line voltage, if the overs
\‘llll.‘l].’.t' conneet i-m i:* oL Lo he i{.“t'iL '”1[' !ul:ll :Ill:.:ll‘ of
rotation is 3207,

The Types 50-A, 50-B, and 200-13 are supplied with
reversible dials, one side of which is engraved for the
overvoltage conneetion and one side for maximum
voltage |'t|ll;|1 to line voltage.

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

Mounting: Tvpe 200-B is supplicd without case, for
panel mounting. Type V-20 models are alwiays supplied
with ease. Types V-3 and V-10 ean be ordered ecither
with or without case (the "M models have eases).
A terminal box eover, cord, and plug are provided on
the “MT" maodels (see photograph on page 21). On
special order, they ean also be supplied without euse,
but with terminal hox and line cord.

Dimensions: Over-all height for table mounting and
depth behind panel for panel mounting are given in the
table on next page. Complete dimensionual sketches can
be furnished on request.

Net Weight: Sce table on next page.

GENERAL RADIO COMPANY 19



VARIACS

DETAILED SPECIFICATIONS

F s | 2|2 |4
3|2 2|2 |212 |2
o = o~ a2 _ = S
R o i = L B
2 | 212 | 5|2 |2 solE | B8 5|3
= = = = 2 .8 - | S8 & .| = g
& L de [ g |9 ¢ 7 -2 |3 o = 2 2
S 8|81 3213 | 8c|Balg 2|2 |§|&
i B £ 0 |8 5 5 |52 |~ £ | g | 2
= S N~ [~ 2| & |23 €9 [H2|8%| 2 |58|& | B
é = i |1 2 e &0 I ==|22 < = = K
- |58 E S| 85 4 [$E|ES| 8 |[28] € | & | Code
_E 2 :'i'é’ 3 " 25 2 50 52| 2= = E*“ o P r Pri
Type 2| S s (2% ol 2elE=| 2 |2 = = Word rice
- T e - - e Ag |82|= g la | =iz
2008 | 7015 | 130 1 15| 3| 200 | & | 3| 3% (3% | 4| 2% marsa |$12.50
ves | se2| s [ 132 ) 5 | 75| o | 2040 | 5 | 36| 386|436 | U6 | 65| comra | 18.50
V-5M 862 | 115 i?g 5 751 9 20-40 5 3% | 4 M| W% | T COPAL 20.50
v-smr | 862|115 [ 152 | 5 | 75| o | 2040 | 5 | 3|4 |46 |12 | 75| comar | 25.00
280 | 5o | o
V-5H 575 | or | 2o 1+| 25| 9| 2040 | 5 35 | suGl 4G | UG | 62| cuLea | 21.00
115
230 | o0 | o
V-5HM 575 lolr5 230 | 1+ | 25| 9 | 2040 5 3[4 |43 | 2| 63 | cumin 23.00
20 | o0 | 2
V-5HMT | .575 | or 230 | 1e| 25 9 20-40 5 3% | 4 4154 [ 120 | 734 | curip 27.50
5 g
vato 1725 15 | 132 ) q0 a5 | 17 | 30-60 |53 | 36 | 31| 6% | 3 |1134| mazen | 33.00
V-1oM | 1.725 | 115 ::g 10 |15 17 30-60 | 5% | 36 | 456 | 6Y% | s [1136| meavy 35.50
v-1oMT | 1725 [ 115 | 132 | 10 |15 | 17 | 30-60 |53 | 3 | 43 | 6% | 1% [123¢ | meLor | 40.00
. | %839 570 4
V-10H [L15 [ or [on0 | op | 5 17 30-60 | 5% | 3% | 3'34| 6% 34 |1 10%6 | minNy 34.00
115 | < =
23‘] ;,70 4
V-10HM | 1.15 | or :‘,30 oot & 17 30-60 | 515 3% | 43¢ | 617 | e |11 HOARY 36.50
15 | © £
230 | o070 | 4
V-T0HMT [ 115 | or | Sa0 | o5, | 3 17 30-60 | 536 | 35| 43 6% | 'Y | 1124 | uwossy 41.00
115
v-20M |[3.45 | 115 }fz 20 |30 [ 27| — 536 | 36| 4% |73 | 184 | 2294 | srwer | ss.00
230 | 970 | 8
V-20HM | 2.30 | or _‘2‘30 4s |10 27 - 544 3| 4% | 7% | 184 [ 2126 | namy 55.00
115
50-A | 5.00 | 115 {fi 40 |45 | 60 | 250-500 | 1034 | 114 | 734 163 | — [85 | roxex | 140.00
230 | 979 | 20
50-8 | 7.00 | or | 555 | Tos |31 | 75 | 250-500 | 1034 | 135 | 714 (163G | — |81 ToPAZ | 140.00
115 | ©
*With 115-volt input applied across half the winding. PATENT NOTICE. See Note 11, page vi.
Load rating is then reduced to one-half the value shown,
20 GENERAL RADIO COMPANY
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VARIACS

A Wye-ennneeted
three-phase areangement of
VARIACS,

closed-delta finds occasional application.

MULTIPLE OPERATION OF VARIACS

Two and three-gang VARIAC assemblies are available
for eonitrolling zeverul eircuits from u single dial, or for
controlling 3-phuze ecireuits in the saume manner that one
VARIAC vontrols a single-phuse cireuit.

In ;auh‘]:h:u-‘fr cireuils a large \':11'1\31_\' of in;mr and output
voltage combinations is possible. The Wye and open=delta
eonnections listed are most f1'l‘_*q11ﬂl|t|)‘ 1I:5L’d. ::l[imil_‘:h the

A three-phase arrangement
of VARIACS in the open-
dele eireuin,

Trput
Three-1hase

At

It

Ko
At Maximwm

Chud pist.

Line Current tn Amperes

Threc-Phase

Tupe of

Line Valliagi Veltage Voltang ftated Macimum Line Valtage Assembly Circuif
230 1.15 1.0s 2.0 2.5 0-270 V-5H-G2 Open-Delta
230 2.30 ‘ 2.16 4.0 5.0 0-270 V-10H-G2 Open-1eltz
230 3.00 .00 3.0 7.5 0-230 V-5-0i33 Wye
230 160 | 4,32 S0 10,0 (270 Va2OH-G2 | Open-Delta
240 (30000 Gl 10000 15.0 250 V-10-033 Wye
230 12.0 ‘ 12.0 200 30.0 0-230) V=003 Wie
230 1.0 1=.0 37.5 45.0 0230 S-Al3 Wie
230 12,5 Q.40 20,00 31.0 0-271) al-B2 Open-Delta
460 2.00 2,00 2.0 2.5 (=160 V-GH-GS Wye
461 100 4.00 4.0 2.0 (1450 V-10H-0G Wiye
460} .00 s.00 =0 1000 (460 V-20M-3 Wye
460 25.0 25.0 20,0 31.0 0-460 H0-B0:3 Wye

VARIAC ASSEMBLIES
Nt Werght

Type Dreseription in Pounds Cude Werd Price
V-5-G2 G T O e PRI 1614 COBRAGANDU £49.00
V-5-G3 Sadpnpe V8 L e 2315 COHRRAGANTY 68.50
V-5H-G2 | 2-Crane V=51 ...... 16 CULPAGANDU 54.00
V-5H-G3 A-Giane V-aH ... .. 2934 CULPAGANTY 76.00
V-10-G2 2 Py ol R — 27 HAZELGANDI 79.00
V-10-G3 ACiange V=10 o000 HAZELGANTY 113.00
V-10H-G2 2-Ciang V- 10H 81.00
V-10H-G3 B-Ciang V-10IT .., .. 116.00
V-20-G2 Ofaane V-20 L. ... B JEWELGANDU 126.00
V-20-G3 BGang V=200 ... 534 JEWELGANTY 182.00
V-20H-G?2 Suiane V-2011 ..... a1 JIMMYGANDTT 126.00
V-20H-G3 B-Crang V-20H  ...0. 72 TIMMYGANTY 182.00

50-AG2 2o iang H0-A 150 TORENGANDU 310.00

50-AG3 A-Uinng S-A . 2065 TOKENGANTY 460.00

50-BG2 2Cinng S0 .., 175 TOPALGANDU 310.00

50-BG3 Selrane a0 peinay 256 TOPAZGANTY 460.00

50-P1 Ol syt wsutermns 114 PARALLUHOK 10.00

PARALLEL OPERATION

The Tyrr 50-P1 Choke iz available for parallel

operation of two Tyree 30 VARIACS, Conneetions
for this ehioke are shown in the sketeh, The choke
serves (o equalize the eurrents from the
VARIACE and also 1o limit the flow of circalating
currents. The use of a choke with smaller sizes of
VARIACS is not recommended, because belter
results can be obtained by using o single larger unit.

Ly

(Left) View of Tyre 50-G3 Varine Assembly.
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RESISTORS

Resistors designed for use at electrical
communication frequencies differ from those
intended for use only on direct current in
that low reactance and constancy of resistance
as the frequency is varied are of considerably
more importance than extreme aceuracy of
adjustment. Inevitably, resistors have capac-
itance and inductance associated with them,
and these residual impedances become in-
creasingly  important as the frequeney is
raised. acting to change the terminal resist-
ance from its low-frequeney value.

['or frequencies where the resistance and
its associated residual impedances behave as
lumped parameters the equivalent eiveuit of
a resistor can be represented as shown in
[Yigure 1. The inductance L is the equivalent
inductance between the terminals, and is
effeetively in series with the resistance, while
the equivalent eapacitance C appears across
the terminals of the resistor. The expressions
for the effective terminal resistance 2, and
reactance X, of this cirenit are:

w|L(1 — «2L.C) — CR?

(1 — «LC)? + (WCR)?

X,

At low frequencies where the terms in w?
are negligible compared to unity,

Figure 2. General normalized eurves of resistance as a
function of frequeney for a fixed resistor,

Equivalent ecircuit of a resistor showing the

Figure 1.
residual impedances associated with the resistance.

h’,- = H
Lo=L~RC @)
Co=C—=

At higher frequencies the way in which £,
and X, vary with frequency is best shown by
expressing all the quantities as ratios,

R,

EGE 0

. (-
RO

where fj is the resonant frequency determined
by L and € and the dissipation factor at
resonance is

(3)

| I I
)u'l)‘ = e— = e—— = - — s A
Qs I 2=ful (4)
\l(",
These normalized resistive and reactive
components are plotted in terms of the ratio

/ voo gy ’
= and the parameter Dy in Figures 2 and 3.

Juo

FFor values of Dy* less than 2, the resistance
inereases with frequency to 2 maximum and
then decreases to zero. For values of  Dg® of
2 or greater, the resistance never rises above
unity. The same sort of behavior occeurs for
reactance, except that the value of Dy* is 1
for the monotonic condition.

Dieleetrie losses in the lumped portion of
the shunt capacitance C of Tigure 1 are
equivalent to a resistance

Bai= 1 =

iy = ‘,)F (D)
which deereases with increasing frequency
and causes even the parallel resistance to
decrease rapidly bevond a certain frequency.
That portion of the shunt ecapacitance C
which is distributed causes a similar rapid
decrease in resistance, even if its dielectric
loss is negligible. These effeets together are
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Figure 3. General normalized eurves of reactance as a
function of frequency for a fixed resistor.

called the Boella effect. Tts  outstanding
characteristic  is  that, when the ratio
of a-c to d-¢ resistance (normalized parallel
resistance) is  plotted against the prod-
uct fR of frequency and d-¢ resistance, all
points for any one tvpe of resistor fall ap-
proximately on the same curve, regardless
of the resistante value. The decrease in
resistance will amount to 19, for wire-wound
resistors and the poorer metallized resistors
when the produet fRis0.01 (Me, MQ) and for
the best metallized resistor when fR is 10
(Me, MQ). )

For any given resistance value there will
be a combination of residual parameters that
will give best performance over the widest
frequency range. Proper proportioning of the
residual parameters determined by the me-
chanical construction will lead to the best
compromise design for a line of fixed resistors.
An example of this kind of design is the Typg
663 Resistor, in which a fine, straight wire is
used as the resistive element in order to reduce
skin effect. The inductance is held at a low
value by clamping the wire to flat metal fins,
which also aid in power dissipation. This
produces o comparatively large shunt capac-
itance, and the element is so proportioned

that \e is of the same order of magnitude as

the resistance, a condition which minimizes the

RESISTORS

changes of both inductance and capacitance
with frequency. Resistors of this type exhibit
only 19, change in resistance at [requencies
as high as 30 megacycles.

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

When assembled into decades, these resist-
ors have added to their own residual im-
pedances those of the switches, wiring, and
cabinet. The equivalent eircuit is then that
of Figure 4, which represents a single decade
of the 510 type. For assemblies of such
decades in the Tyer 602 Deeade Resistance
Boxes the same circuit is still valid. The
incremental inductances of the several decades
in the cireuit are additive, but the capaci-
tance is approximately that of highest dec-
ade in use. Typical values of the residual
impedances for the various types of General
Radio resistors are given in the specifications
for each 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 cireuits. 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 cireuit
clement, the upper limit of frequency for a
given error is some 10 times higher than for
the series connection,

All General Radio precision resistors in
gizes above 100 ohms are wound with wire
of a newly developed alloy which has many
desirable characteristics. Chief among these
are a smaller temperature coeflicient of
resistance than is found in older resistance
alloys, and a negligible thermal emf. Moisture
has no appreciable effect on its resistance,
and there is little, if any, drift in resistance
as a result of strains put in the wire when it is
wound on a card. Its greater tensile strength
is an advantage in winding, making it possible
to produce better and more uniform resistors
than ean be made with other alloys.

Figure 4. Equivalent
cireuit of a resist-
anece decade, show-
]‘II;: 1‘](‘:!15‘”1 :l"ﬁ(l ni-
ture of residual im-
pedances.
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TYPE 602 DECADE-RESISTANCE BOX

USES: Accurate resistance boxes are extremely
valuable wherever electrical measurements
are made. Such boxes are constantly used in
circuits where a wide range of resistance
values is required or where variable dummy
generator and load resistances are needed.
The accuracy of Tyre 602 Decade-Resistance
Boxes casily meets the requirements of these
uses 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, they are
useful well into the radio-frequency range for
many applications.

DESCRIPTION: The Typi 602 Decade-Resist-
ance Box is an assembly of two or more Tyre
510 Decade-Resistance Units in a  single
cabinet. Mechanical and electrical protection
of the units is provided by the shielded walnut
cabinet and aluminum panel, which com-
pletely enclose both the resistance units and
switeh contacts. The resistance elements have
no eleetrical connection to the shield, which
is brought out to a separate terminal con-
nected to the panel.

Two-, three-, four-, and five-dial decade
assemblies are available. Fach decade has
eleven contact studs and ten resistance units,
=0 that the dial values overlap. A positive

detent mechanism assists in setting squarely
on the contacts and so permits adjustments to
be made without looking at the dials.

FEATURES: » Zero resistance of Typr 602
Decade-Resistance Boxes has been kept less
than 0.003 ohm per decade by carcful me-
chanical design.

» Individual resistance units are adjusted ac-
curately to have their specified values at their
own terminals, vather than at the terminals
of the box. This adjustment is necessary for
those types of measurement in which the
difference between two settings of a resistuance
box is the significant value.

» Low-temperature-coefficient wire is used to
wind all resistors. The characteristies of this
wire also eliminate all difficulties caused by
thermal emf in direct-current measurements.

» Residual inductances and capacitances are
low and no serious [requency error exists in
any box below 50 ke. Furthermore, the lower
decades are also useful at higher frequencies,
and detailed tabulations of the magnitudes
of the residual impedances are given in the
specifications.

» Engraved on cach panel just above ecach
decade switeh knob is the maximum allowable
current for each decade, based on a 40° Centi-
grade temperature rise.
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SPECIFICATIONS

Tyre 602 Decade-Re-
equivalent
with

Frequency Characteristics: A
sistance Box can be represented elosely by the
circuit below, which represents one decade of a box,
and L, are the
and induetance of the box, due to the wiring
ilues are proportional to the
he box. AL is the inductance associated
of resistance, AR, The effect
the dial setting,

the remaining deendes set to zero. R, Zero

resistanes

num-

and swite

ber of decndes in
with ench inerem
4|.1-]|1'! '-

enpaeitanes ( i general, upon

the being approximately linesr with setting
(the r value is for the lowest setting ). The values
of the constants are tabulated below:
L = 0.10 uh per dial
R, (d-e) 0.002 to 0.003 ohin per dial
I, (1 Me 0.04 ohm per dial; proportional to the
s(uare root of f]'l'l_lﬂ.l'['li‘l\' nt :1“ II'i'llI.H‘I'I-
eles ahove 100 ke,
'y e 1= I- 10- 10o- 1O 10,000-
of (M Ohm Ohan fihm Ohane Ol
Do Step Step Slepr Slep Step Step
AN
inohms | 0.1 1.0 10 100 1000 10,000
AL
(peh 0.014 | 0.05 0.11 0.29 3.3 0.5
Ay
ppl — 27 26-323 | 21-13 — —_

u:r wnee shunting a single deeade in a box
| trrlm\, as well as on
ven here are for a Tyre

I'he value of the ¢
lop up m l}u I«

eircuit at the same time, the
ral decades may be added
be taken to be approximately

al decades of a box are i
al :n-.ucl wnces of the sev
irectly, and the eapacitanee m:

t of the highest deeade in use.

ha

Zero Resistance: The direct-current zero resistunce of
he various boxes depends on the munber
ollows:

of dials, as

No. of Dinls Zero Resistanes

0.004-0.006 ohm
0.006-0,000 ohm
0.005-0.012 ohin
0.010-0,015 ol

SRS

Femperature Coefficient: less than 00029 per
-iv'_'l'--n- l'l‘l:‘iz_'l‘.'nln‘ it room temperatures, exeept for the
1,182 deeade, where the box wiring will affeet the over-all

emperature coellicient.

Type of Winding: See specifieations for Tyre 510 Dec-
wle- Resistance Units, next page.

I'ype
602-D
602-F
502-G
602-K
502-J
602-N
602-L
602-M

Resistance

1,110 ohms, total, in steps of 1
1,111 ohms, total, in steps of
11,110 ohms, total, in steps of 1
11,111 ohms, total, in steps of

111,110 ohms, total, in steps of 1

11 ohms, total, in steps of 0.1 ohm
111 ohms, total, in steps of 0.1 ohm

0.1 ohm

0.1 ohm
111,100 ohms, total, in steps of 10 ohms

Accuracy of Adjustment: All cards are adjusted within
0.1% of the stated value between eard terminals, except

the 1-ohim eards which are adjusted within 0.25%; and the
0. 1-ohm units which are adjusted within 19¢.

Maximum Current: See specifications for Tyre 510
Deeade-Resistanee  Units, next page. Values for 40°
Centigrade rise ure engraved on ]l,lln'l:- Iii.]'l'l'i‘l\ swhove

switeh knobs,

Switches: Quadmple-leaf, phosphor-bronze brushes bear
These brushes are
thus

on contael studs 3y inch in diameter.
bent 80 as not to be tangent to the are of travel,
\ cam-type detent is provided.

0 10 10 inclusive

avoiding eutting,
are eleven contact points
Terminals: Jack-top binding General
Radio standard 34-inch spacing for resistance connee-
tions, There 18 an extra jrost ol :]’ll_' corner of the |'.‘ll'll‘l
for connections to the shield.

posts sel on

with alumi-
and resistance

Mounting:
num panel,
units,

A copper-lined walnut ¢abinet,
completely encloses switches

Dimensions: Punel length depends on the number of
dials (see price 15-1 ), being 724 for 2-dial, 1035 for 3-dial,
13 for 4-dial, and 153§ inches for Panel
width, 5 ine h‘.r. Over-all height,

a-dial boxes.
5 inches,

Net Weight: 315 for 2-diul, 4
and 64

1 for 3-dial, 5 for Jd-dial,

pounds for J-dial boxes.

No. of Twype 510

Dials Decades Used  Code Word Priec
2 A,B DECOY $32.00
3 A,B,C DELTA 46.00
ohm 3 B,C,D DIGIT 50.00
4 A,B,C,D DEFER 63.00
ohm| 4 B,C,D,E DEBIT 68.00
5 A,B,C,D,E pEMON 83.00
4 | C,DEF DECAY 73.00
ohm 5 B,C,D,E,F DEMIT 90.00
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TYPE 510 DECADE-RESISTANCE UNIT

USES: DBecause of their precision, compact-
ness, and sturdy construction the Typr 510
Decade-Resistance Units are ideal for assembly
into production test instruments, bridges, and
other experimental and permanent equip-
ment. They are particularly useful in applica-
tions where only a single decade is desired, or
where a Type 602 Decade Box cannot be
mounted conveniently. In many cases the use
of these units will make available for general
laboratory work relatively more expensive

decade-resistance boxes, otherwise tied up
for long periods of time in experimental
equipment.,

DESCRIPTION: The 1-, 10-, and 100-ohm
steps are Ayrton-Perry wound on molded
phenolic forms especially shaped and heat
treated to minimize ageing effects. The 0.1-
ohm steps are bifilar wound with ribbon,
while the 1000- and 10,000-0hm steps are
unifilar wound on mica cards. The 100,000-
ohm steps are wound in pies on ceramie spools.

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

FEATURES: » Each resistor is aged at a tem-
perature of 135° Centigrade before being
assembled into completed units. This ageing
reduces to a negligible amount any subse-
quent drifting of resistance values.

» [requency errors are negligible below 50
kilocycles, and complete information on each
unit is tabulated in the specifications.

» Low-temperature-coefficient wire is used in
all resistors. Difficulties due to thermal emf
in direct-current measurements are eliminated
in all of the units except the Typr 510-G
100,000-ohm Decades. These are wound with
Advance wire, and care should be taken in
low-voltage direct-current work to see that
temperature differences are kept at a
minimum,

SPECIFICATIONS

Accuracy of Adjustment: Resistors are adjusted to be
accurate at card terminals within the tolerances given in
Table I on next page.
Maximum Current: See Table I on next page.
Type of Winding: See Table I on next page.
Frequency Characteristics: A Tyre 510 Deecade-
Resistance Unit ean be represented closely by the equiv-
ulent eirenit shown on page 27, The values of the con-
stants, a8 determined by high-frequeney bridge measure-
ments, are listed in Table 111

In I'able I1 is listed the maximum percentage change in
effective series resistunce of each deeade as a function
of frequency. For the Tyres 510-A and 510-B the error
is due almost entirely to skin effect and is independent
of switch setting. For the Typre 510-C the error changes
slowly with dial setting and is a maximum at maximum
resistance setting. For the Tyee 510-D (100-chm step
decade) a broad maximum occurs at the 600-ohm setting,
while for all the higher resistance units, the position of
maximum frequeney error is at the maximum resistance
setting, For these latter decades (Types 510-E and -F)

the error is due almost entirely to shunt eapacitance and
is approximately proportional to the square of the
resistance setting.

The high-resistance decades (T'yres 510-F and 510-G)
are very commonly used as parallel resistance elements
in measurement eireuits, and so the error due to the
shunt ecapacitance of the deeades can frequently be
eliminated. The remaining parallel resistance changes by
only a fraction of the amount indicated in Table 1T as
the series-resistance change. This fuct is particularly
important with reference to the Tyrr 510-G which has
100,000-0hm steps. At maximum getting this unit has
a — 1Y% change in series resistance at 1 kiloeyele, but its
parallel resistance is changed by only —19 at 10 kilo-
cycles,

Switches: Quadruple-leaf, phosphor-bronze brushes hear
on contact studs 2¢ inch in dinmeter, These brushes are
bent s0 as not to be tangent to the are of travel, thus
avoiding cutting. A cam-type detent is provided, There
are cleven econtact points (0 to 10 inclusive ). The switch
resistance is between 0.002 and 0.003 ohm, and the
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effective capacitance of the switch is of the order of
Hupel, with a dissipation factor of 0,06 at 1 kiloeyele.
A molded phenolie switeh form is used. The form for
Typee 510-G is molded from low-loss phenolie material.
Temperature Coefficient: The temperature coefficient
of resistanee is less than =0.002% per degree Centigrade
at room temperatures.

Terminals: Soldering lugs are provided.

Mounting: Each deeade is complete with dinl plate and
knob and ean be mounted on any panel between Y inch
and 35 inch in thickness. A template is furnished with
each unit.

‘2 Mtg. holes *8:Drill
cisink for 10=32 FH.M:S.

Dimensions: See sketch; shaft diameter is 24 ineh.
Net Weight: Tyre 510 Units, 11 ounces; Type 510-1°3,
9Ly ounees,

TABLE 1
Muaximum Power

Resistance Mazximum Current per Step
T'ype per Step Aceuracy Tupe of Winding 20° C. Rise 40° C. Rise 40° C. Rise
510-A | 0.1 ¢ +1.0% Bifilar | 1 a 1.6 a 0.25 watt
al0-B 1 +10.25% Ayrton-Perry 550 ma 800 ma | 0.6 watt
510-C | 10 @ +=0.1% Ayrton-Perry 170 ma 250 ma | 0.6 watt
510-1) | 100 | +0.19%, | Ayrton-Perry 55 ma 80 ma 0.6 watt
510-1 1000 2 | 40.1% | Unifilar on Mica 16 ma 23 ma 0.5 watt
510-F 10,000 Q@ ! +0.1% | Unifilar on Mica 5 ma 7 ma 0.5 watt
510-G | 100,000 @ | =+=0.19, | Pies 1.5 ma 2.5 ma | 0.6 watt
TABLTL II
Maximum Percentage Change in Series Resistance as a Iunetion of Frequency
Frequency in ke
Decade at) ke 100 ke 200 ke 800 ke 1000 ke 2000 ke G000 ke
0.1-ohm steps | — — | — [ 0.1% 0.8% 5%
1.0-ohm steps - - - 0.1% 0.59; 1.5% 9%
10-ohm steps - — | . 0.1%, 0.2 | 1.5%
100-0hm steps = — | — 0.19 0.2% 0.
1000-0hm steps | - —01% | —0.39% —1.5% —6.5% = =
10,000-0hm steps |  —29% -85 [ — | = e | = =
TABLI III
Value of Constants for the Equivalent Cirenit of a Tyee 510 Decade-Resistance Unit
(Bee diagram on page 27)
AR Al Ly (g
Ty pe af Decaide (hns uh wh S
S10-A 0.1 | 0.014 0,023 T.7—4.5
al0-B 1.0 0.056 0.023 .75
A10-C LD 0.11 0.023 T.7-4.5
510-D 100 0.29 0.023 7.7-4.5
S10-F 1000 3.5 0.023 7.7-4.5
310-F 10,0000 9.5 0.023 T.7-4.5
510-G 100,000 | — | 0.023 7.7-4.5

| H,
*I'he larger eapacitance oceurs at the lowest setting of the decade. The values given are for units withont the shield cans in g lace. With
the shield eans in place, the shunt eapacitance is from 10 to 20 puf greater than indieated here, depending on whether the shield is tied
to the switch or to the zero end of the decade.

Resistance .
o _T'y;m‘. Tatal Per Step Code Ward Price -
510-A | 1 ohm | 0.1 ohm ELATE . $10.00
510-B . 10 ohms | 1 ohm ELDER 12.00
510-C 100 ohms 10 ohms ELEGY 12.00
510-D : 1,000 ohms | 100 ohms ELBOW 14.00
510-E 10,000 ochms | 1,000 ohms ELECT ' 15.00
510-F 100,000 ohms | 10,000 ohms ELVAN 17.50
510-G | 1,000,000 ohms 100,000 ohms ENTER 44.00
STO-P3 SWikch .« i :n s oo s wan are s RS ARG ENVOY , 6.50
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TYPE 670-F COMPENSATED DECADE RESISTOR

USES: The Tyrr 670-I" Compensated Decade
Resistor is intended for use in a-¢ impedanece
measurements where non-reactive inerements
of resistance wre desired. This type of decade
resistor made possible the development of the
first precision radio-frequeney bridge. Tt is also
used in the Tyer 667-A Inductance Bridge
and is an important factor in determining the
accuracy and convenience ol operntion of that
bridge. Compensated decade resistors are use-
ful in tuned-circuit substitution measurements,

as variable resistance clements in antenna
measuring cireuits, and, in general, for bridege
measurements wherever the variation in in-
ductance of the conventional type of decade
resistor cannot be tolerated.

DESCRIPTION: The T'yrr 670-1° Compensated
Decade Resistor is an assembly of Type 668
Compensated Decade-Resistance Units,

The decade-resistance units use a double
card system. as shown on page 32, and the
switeh is so arranged that a copper coil is
substituted when a resistance coil is switched
out of cireuit. The inductance of the copper
coil i equal to the inductance of the resistance
coil, but its resistance is very small, Clonse-
quently, as the position of theswiteh is changed,
the inductance of the decade is kept constant,
and only the resistance is varied,

The decade units are mounted on a black
crackle-finished aluminum panel and encased
in 2 walnut cabinet, lined with sheet copper.
The copper lining, together with the aluminum
panel, forms a complete shield for the resistors.
A separate terminal is provided so that inde-
pendent eonneetionto this shield may he made.

FEATURES: » Inductance remains constant
within 0.1 microhenry regardless of resistance
setting of the Tyre 670-F Compensated Dec-
ade Resistor,

» Total inductance is only about one micro-
henry and ean usually be balaneed out in pre-
liminary adjustment.

» The high aceuracy and low temperature co-
efficient of resistance of the Tyre (02 Boxes
are also maintained in the Ty pr 670-1° Resistor,
P AMaximum current values, based on a 40°
Centigrade temperature rise, are engraved on
the panel.

SPECIFICATIONS

Type of Winding: The 10-0hm and l-ohm steps are
Ayrton-Perry resistance cards, while the O.1-olun steps
are hifilar ribbon units,

All deeades are compensated by copper coils as shown
in the diagram on page 32,
Accuracy of Adjustment: Resistance inerements are
correet within 0,19 for the 10-0hm steps, 40259 for
the 1-olm steps, and =17, for the 0.1-0hm steps.
Zero Resistance: The direct-current zero resistance is
about 0.04 ohm. The zero resistance at 1 Me is about
0.3 ohm and at frequencies above 100 ke is proportional
to the square root of the I'r|-:||:|-1|r-_\',
Inductance: The zero induetance is 1.05 microhenry.
This value remains constant within 0.1 microhenry
regardless of resistanee setting,
Switches: Double-leaf, phosphor-bronze birushes hear nn
contact studs ‘4 inch in dismeter. These brushes are
bent so as not to be tangent to the are of travel, thus aveid-

ing eutting. A eam-type detent iz provided, and there
are eleven comtact points (0 to 10 inclusive).
Terminals: Standard 3j-ineh spacing is used on the
terminals. A ground post connected to shield and panel is
also provided,

Maximum Current: Sce specifieations for Typre GOS
Compensated  Decade-Resistanee  Unit on page 32,
Values for 107 Centrigrade rise are engraved on the panel
directly above the switeh knobs.

Frequency Tharacteristics: The frequeney ehuarae-
teristies of the Tyer 670 Compensated Decnde Resistor
are similar to those of the Tyre G658 Units which are used
in the boxes, However, the hox wiring and eabinet shield

affect these characteristies Fn_\' adding series inductance
and shunt eapacitance.

Temperature Coefficient: Le=s than -£0.0029 per de-
gree Centigrade at room temperaties, exeept at the
lower settings where the temperature coeflicient of the
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Interior of Tyre 670-1 Compensated Decade Resistor,

copper compensating windings may affeet the over-all
temperature cocflicient,

Mounting: The dialz are mounted on aluminum panels
in copper-lined walnut cabinets,

Tupe Resistanes

Dimensions: Panel, (length) 13 x (widhith) 5 inches.
Cubinet, (height) 5 inchies, over-all,

Net Weight: 515 pounds,

'f'_J”u' I'nils Used Cod = Ward Price

670-F
0.1 ohm

0 to 111 ohms, total, in steps of

‘n'(;s-.\. 3B, ABYSS l $60.00

TYPE 668 COMPENSATED DECADE-RESISTANCE UNIT

USES: The Tyrr 668 Compensated Decade-
Resistance Unit is the basie unit for the Tyre
670-I" Compensated Decade Resistor. In addi-
tion, it has found wide application as a com-
ponent part for building into experimental or
permanent measuring equipment for use at
radio frequencies, It has been built into antenna
measuring equipment as well as into general
r-I impedance-measuring eireuits, It is useful
for any measurements where constaney of in-
ductance is desired as resistance is varied.

DESCRIPTION: The Tyrewr 668 Compensafed
Decade-Resistance Unit is made with a double
set of switch contaets, 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 dia-
gram on the next page.

The units are mounted with an etched-metal
dial plate, knob, and stops, but with no shield.

FEATURES: » Total inductance of the Tyre
668 Compensated Decade-Resistance Unit has
been kept to a few tenths of a microhenry.
This value remains constant within 0.05 micro-
henry, regardless of resistance setting,

» Irequency errors have been kept small by
careful construetion, and so all models are use-
ful up to several megacyeles,

P The Tyrr 668 Units are accurately adjusted
resistors with a low temperature coefficient of
FesISTanee.

» Since it is difficult to construet o decade
assembly of resistors with no net inductive
reactance, the next best condition is a unit with
a low but constant induetance.
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SPECIFICATIONS

The construction of the compensated decade re-

sistance is shown above. Opposite ends of the switeh

blade muake contact with resistance or inductance

windings, respectively. As a resistance step is

added to the eireuit, a compensating induetance
step is removed, and viee versa,

Accuracy of Adjustment: Resistance increments are
correct within =19 for the O.l-olun steps, +0.25% for
the 1-ohm steps, and =2=0.1% for the 10-ohm steps.

Zero Resistance: The direct-current zero resistunce of
the different units is given in Table 1. The zero resistance
at 1 Me is about 8 times that at de and at frequencies
above 100 ke is proportional to the square root of the
frequency.

TABLE I

Zero Resistance
0.001-0.010 ohm
0.015-0.025 ohm
0.010-0.020 ohm

Inductance

(115 mierohenry
0.30 mierohenry
0.50 microhenry

Inductance: The induetance of the different units is
}Ei\'l-ll in the table above. The inductanee remains eonstant
tegardless of resistunee setting within 0,05 microhenry.

Temperature Coefficient: The temperature
ficient of resistance is less than 20,0029 per degree Cen-

{‘(Il'f—

Resislance

tigrade at room temperatures, except for the lower set-
tings of Typres 665-A and 665-13, where the temperature
coefficient of the t-tltlllleuﬁ:ui'n:: windings LTHAY affect the
over-all temperature coefficient.

Frequency Characteristics: The frequency charac-
teristies of Typee 668 Compensated Decade-Resistunee
Units are similar to those of Tyre 310 Decade-Resist
Units, page 28, Beeanse L0-ohm cards are the Largest used,
the effeets of shunt eapacitance are entirely negligible,
and the change in resistance with fl'ct;llf:llt'_\' results al-
most entirely from skin effect.

Although skin effect produces a positive change in
ance, the skin effect in the compensating winding
is greater than that in the resistance curds. Aceordingly

Ihi‘]'{‘ i:-: 8 net 1;|'<J:'.L1i\'c L']::Uu_rra i1| reesi:-.t:ltu‘t‘ I'IH_'l'L-.mc_-m-'
from this effeet. That iz, the inerement in resistance be-
tween one switeh point and the next higher one will be
less at high frequencies than at low. This gative skin
cffeet,” at one HII”.;.!:I{"\'{_"L'. is about —0.89 for the units
deecade and about —0.69; for the tens decade.

Maximum Current: The following table gives the al-
lowable eurrent for the different units. The values of
current for a 40° Centigrade temperature rise, based on
one-quarter watt dissipation per resistor, are engraved
on the dial plate.

TABLE II

Current for Currend jor

Type 20° C. Rise 4o° (', Rise
GHN-A 1.0 a 1.6 a
GO=-13 300 ma 500 ma
665-C 100 ma 160 ma

Type of Winding: The 10-ohm and 1-ohm ecards are
Avrton-Perry wound, while the 0.1-ohm steps are hifilar
ribbon. Compensating windings are used on all decades
1o rll:lint:lirl constant in:im-r:nm‘-. 'I_.";('(: lii:\L!:'um :tf\::\'v,]
Switch: Double-leaf, phosphor-bronze brashes bear on
contact studs Y ineh in diameter. These brushes are
bent so as not to be tangent to the are of travel, thus
avoiding cutting. A cam-type detent is provided and there
are eleven contact points () to 10 inclusive).
Terminals: Soldering Iugs are provided.

Mounting: Interchangeable (exeept for switeh stops)
with Tyre 510 (see page 29). A combination dial plate
and drilling template is furnished. Machine serews for
attaching the decades to a panel are supplied.
Dimensions: Diameter, 3 g inches; depth behind panel,
3 inches, over-all; shaft dinmeter, 34 ineh.

Net Weight: 7 ounces.

Type Taotal

Per St i

Price

Code Ward

668-A
668-B
668-C

1 ohm
10 ohms | 1
| 100 ohms | 10

0.1 ohm

$13.50
16.00
16.00

GABLE
GAILY
GALOP

ohm
ohms
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TYPE 654-A DECADE VOLTAGE DIVIDER

USES: The Tyre 651-A Decade Voltage Divider
will supply exact voltage ratios between 0.001
and 1.000 in steps of 0.001, and so is useful on
the input of amplifiers and similar high-imped-
ance cireuits for reducing the input voltage
by adefinitely known ratio which ean be varied
in very small steps.

DESCRIPTION: This instrument is equivalent
to o pair of T'yre 602 Decade-Resistance Boxes
connected in series and o manipulated that as
resistance is taken out of one box it is added
to the other to maintain the total resistance
constant at 10,000 ohms. This action is ac-
complished by using five Tyrr 510 Deecade-

Resistance Units, two of which are connected
back-to-back to two similar units by means of
a chain drive,

FEATURES: The Tyre 6534-A Decade Voltage
Divider covers a very wide range of voltage
ratios. It is possible to obtain 1000 different
ratios from 0.001 to 1.000, and each one is
known within =#0.29. The input resistance
remains constant regardless of dial settings,
and =o reaction on the input voltage is elimi-
nated. All resistors are wound with an alloy
wire of such characteristies that no difficulty
due to thermal emi will be encountered in
direct-current measurements.

SPECIFICATIONS

Range: Voltage ratios from 0.001 1o LODO in steps of
0.001 ean be obtained by setting up the desired value on
the three switches.

Accuracy: Fuch individual resistor iz adjusted within
0,19, 50 the error in voltage ratio is never greater than
(.25,

Frequency Characteristics: If the external capaei-
tance which is placed across the output terminals is less
than 20 uuf, the frequency error iz less than 0,19, for all
frequencies below 10,000 excles.

Input Impedance: The input impedance is n constant
resistance of 10,000 ohms, regardless of the ratio =ctting.
This value is engraved on the panel.

Output Impedance: The output impedanee of the
voltage divider varies from 10 ohms to 10,000 ohlinis, de-
pending upon the settings. The divider is aceurate nui_\'
when the impedance connected to it is ab least 1000 times
the internal output I'Hlp(.'d;l:u'(*.

Maximum Voltage: The maximum allowable input
voltage for a 40 Centigrade temperature rise is 230 volts.
This value is engraved on the panel.

Temperature Coefficient: The temperature coef-
ficient of the resistors is less than ==0.0029; per degree
Centigradle nt normal room temperatures,

T oy

Termina]s: .|:|<'L‘-It'ia ||il|t|il::: pust= are |rl'u\"h|-'ni :llnl
standard %4-inch spacing is used. The shicld is con-
nected 1o one terminal of both input and output which is
marked G,

Mounting: The decades are mounted on an aluminum
[J:llll‘| which is enclosed in a shielded walnut eabinet,
Dimensions: Panel, (length) 13 x (width) 7 inches,
Cabinet, .ril'p! h) ."r‘g inches, over-all.

Net Weight: s pounds,

Code Ward

Price

654-A | Decade Voltage Divider

ABACK [ $100.00
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ATTENUATORS

TYPE 1450 DECADE ATTENUATOR

USES: The Tyee 110 Decade Attenuator is
uscful in power-level measurements, trans-
mission-efficiency 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 Typrr 1450 Decade Atten-
uator is an assembly of two or three Tyrr 829
Decade Attenuator Units mounted on a
single panel and housed in a metal cabinet.
Each decade has eleven positions, 0 to 10
inclusive, so the decades overlap.

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

» The accuracy of the boxes is maintained
even at low radio frequencies.

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

» Both T-type sections and balanced-IT sec-
tions are available.

» An etched plate is provided, indicating
mismatch loss when used with impedances
other than 600 ohms.

SPECIFICATIONS

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

Terminal Impedance: 600 ohms in cither direction,
Accuracy: Ilach individual resistor is adjusted within
40.259;, of its correet value. The error in attenuation is
less than =19 of the indieated value, provided the
attenuator is terminated by a pure resistance.

Frequency Error: At frequencies below 200 ke the
total error in attenuation will not be greater than 1%
of the indicated value.

Type of Section: T or balanced-H. Properly terminated,
both types present @ constant impedance in both direc-
tions, but the balanced-H should be used where both
gides of the eircuit musgt be balanced to ground.

Type of Winding: Sce Tyre 529 on next page.

Maximum Input Power: 1 watt.

Switches: See Tyre 829 on next page. Stops are pro-
vided on the highest decade only (10 db per step).
Mounting: The deende units are mounted on an ahun-
inum panel in a metal eabinet, Bach deeade is individu-
ally shielded, and all shields are connected to the panel
and the "G terminal. Relay-rack mounting is available
at an additional charge on speeial ovder.

Terminals: Juck-top binding posts with 33-inch spue-
ing; common terminal of T units grounded to chassis;
common terminal of H units not ;::I‘mm:l:_‘d,
Dimensions: 1450-HA and 1450-TA, 10 x 535 x
inches over-all. 1450-HDB and 1450-TB, 12 x 53%;
inches over-all.

Net Weight: 1450-ITA and 1450-TA, 10% pounds;
1450-HB and 1450-T8H, 1514 pounds.

Type fr‘rm_,ql I'm ;wl'rmcﬂ____’{lu;:_ﬁ' .\'_f:-r_:‘fm fo" Il‘;mf_ _."’r&'-!
1450-HA | 110dbinstepsof 1db...| 600 ochm ’ Balanced-H |NETWORKHAT| Price
1450-TA 110dbinstepsof 1db ...[ 600 ohms T INETWORKTAM P
1450-HB 111 dbinsteps of 0.1db 600 ohms | Balanced-H |[NETWORKHUB R
1450-TB 111 dbinsteps of 0.1 db 600 ohms T NETWORKTUL| Kequest

TYPE 829 DECADE ATTENUATOR UNITS

USES: These decade units have been designed
as convenient attenuators which ean be built
into speech cireuits, recording channels or
other equipment where definitely known
amounts of attenuation are required. They
provide, for attenuation, the analogue of
decade resistors for resistance. The tapered
units are useful for changing impedance
levels cither up or down,

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

FEATURES: » Accurately known attenuation
over a wide frequency range is possible be-
cause of careful shielding, the construction of
the resistance cards, and the use of capaci-
tance compensation.

» Decade-type switches which can be ar-
ranged for continuous rotation make the
Tyre 829 Decade Attenuator Unit very
convenicent to use.

» Tapered units for changing impedance
levels are also available in both T and bal-
anced-I sections,

SPECIFICATIONS

Attenuation Range: Three decade ranges are listed
in the price table helow. The two tapered units, Tyres
S20-H'T" and 829-T°T, identical in appearance, have a five
point switch and introduee an exaet insertion loss, de-
pending upon the matching ratio (either end can be
used as input), as follows:

| 600 |

Matching Ratiol 1502 | 750 5002 | 308
Alateing vatng

to GO0 to “f}m‘."lu GO0 o GO0 1o GOOL
0db | 12db | 13db | 17db | 20db

Attenuation

Characteristic Impedance: 600 ohms both directions
except for the tapered units which are 600 ohms in one
direction and either 30, 50, 75, 150, or 600 ohms in the
other direction to accomodate microphones, conxial
lines, high-fidelity telephone lines, ete, Either end can
be used us input.

Accuracy: Iiach individual resistor is adjusted within
+0.259 of its correct valpe. The error in attenuation is
less than 419 of the indieated value, provided the
attenuator is terminated by a pure resistance.

Frequency Error: At frequencies below 1 Me the total
error in attenuation will not be greater than £19% of
the indicated value.

Type of Section: Both balanced-H and T'-type sections
wre available,

Type of Winding: All resistance elements use Ayrton-
Perry windings except the shunt elements of 529-HA
and 520-TA which are unifilar evlindrieal windings.
Where necessary resistors are eapacitance-compensated.

Maximum Input Power: 1 watt.

Tuype Range

ATTENUATORS

Type of Seetion

(Left) Tyee 829-HT Decade Attenuator Unit (tapered
model ), and (Right) typieal internal construction of the
Tyrr 529 Decade Attenuator Units,

Switches: Cam-type switches are used with twelve
positions covering 360° The dials are numbered from
07 to 10" inclusive (except on tapered models) and
the twellth point is also connected to “0."" No stops are
provided in the switch mechanism to prevent complete
rotation, but spacers, which are provided, can be used
under the mounting serews to aet as stops for the knob,

Terminals: Ixternal input and output soldering ter-
minils on opposite endg; common terminal of T units
grounded to chassis; common terminal of H units not
grounded.

Mounting: The resistors and switches are housed in
compurtments of an aluminum easting, which is enclosed
by aluminum covers. A dial and knob are furnished, and
deeades may be panel mounted from one end by three
mounting screws which are provided.

Dimensions: 3¢ x 314 inches, extending 014 inches
back of panel.

Net Weight: 3 pounds.

829-HA
829-HB
829-HC
829-HT
829-TA
829-TB
829-TC
829-TT

10dbin stepsof 1db ... ..
100 db in steps of 10 db

(See Specifications above)
1dbinstepsof O.1db. .. ..
10dbinstepsof 1db . ...
100 db in steps of 10 db

(See Specifications above)

1dbinstepsof 0.1db .. . .. | Balanced-H
Balanced-H
Balanced-H
Balanced-H

Code Word {’rwc
TENUTORHAG

TENUTORHUB -
TENUTORHIC I Price
TENUTORHUT A
TENUTORTAD

TENUTORTUB Request

- =y =

TENUTORTIC I
TENUTORTOT |
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FIXED RESISTORS

TYPE 663 RESISTOR

USES: The Typre 663 is designed to have
an accurately known impedance at high
frequencies. It is particularly useful as a
standard resistor for the resistance-variation
method of impedance measurement at radio
frequencies and as a cireuit element in bridges
and similar equipment. It is also useful as a
terminating resistor for matching radio-fre-
quency transmission lines and, generally, as a

low-resistance standard in

applications.

DESCRIPTION: A straight picce of resistance
wire is soldered to two flat metal plates, which
are mounted close together on a strip of insu-
lating material. A thin piece of mica insulates
the wire from the ])|:11('.-'. except at the soldered
ends. This assembly is rigidly clamped to-
gether with a top piece of insulating material.

FEATURES: » Very small residual inductance
as a result of the shielding effect of the eurrent
flow in the flat metal plates upon which the
resistance wire is elamped.,

» Skin effect is kept at a minimum and /2/C
is maintained at a value that minimizes the
residual reactance as well as resistance change
with frequency.

» Power dissipation is greatly increased by
the terminal fins,

high-frequency

SPECIFICATIONS

Resistance Values: Standard unit2 are available in the
following resistances: 1, 2, 5, 10, 20, 50, and 100 ohms,
Accuracy: All units are adjusted within £=1%.
Residual Parameters: The tuble bhelow gives approxi-
mate values for L for the different units,

Skin Effect: For all units the skin effect is less than 195
for frequencies below 50 megneveles,

Temperature Coefficient: At normal room temperature
the temperature coefficient is less than £ 0.0029; per
degree Centigrade.

Maximum Power and Current: The allowable power

dissipation for a 40° Centigrade temperature rise varies
with resistance, being 2 watts for the l-ohm unit and
0.4 watt for the 100-ohm unit, The rated eurrent for this
temperature rise for the different units is given in the
table,

Terminals: The flat metal plates to which the resistance
wire is attached are used as Irrlnin:ll.-. and are both
slotted and drilled for convenienee in mounting.
Dimensions: (Length) 214 x (width) 115 inches, Over-all
height -"\ inch.

Net Weight: 2 ounces.

Current for

Ty Resistance ) 40°C. Rise Code Word Price
663-A 1 ohm 0.0065 xh 1.4 a PANIC $7.50
663-B 2 ohms 0.013 gh 1.0 a PARTY 7.50
663-C 5 ohms 0.015 wh 0.5 a . PATTY | 7.50
663-D 10 chms 0.029 ugh | 0.35 a PEDAL | 7.50
663-E 20 ohms [ 0032 uh | 0.2 a PENAL 7.50
663-F | 50 ohms 0.034 uh | 0.1 a PENNY 7.50
663-G | 100 ochms 0.039 gh | 0.06 a PETTY | 7.50

Ratio of effeetive resistance, and equivalent series reactance, to d-¢ resistance versus frequencey, for the Tyre 663 Resistors
mounted on Tyre 138-VD Binding Posts and Tyee 274-Y Puanel Terminal Insulators 24 inch above a Y4 -inch metal
[J.‘lnvl One end was grounded to the p:‘.lu-l and the total t':\;l:u'il:nu'v ::|'s1-r'n\im:|'---|i the rather }n','h value of 6.5 pr.

which could have been redueed if a low-capacitanee mounting were used.

MEGACYCLES
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FIXED RESISTORS

TYPE 500 RESISTOR

USES: The T'yre 500 Resistors are particularly
recommended as resistance standards for use in
impedance bridges. They are also valuable as
secondary standards tfor laboratory use. The
plug-type terminals make them convenient as
terminating impedances for attenuation boxes,
lines, and similar eircuits and as cireuit clements
ineitherexperimental orpermanent equipment.

DESCRIPTION: This resistor is an accurately
adjusted resistance card, sealed in a phenolic
case. Both serew-type and plug-type terminals
are provided.

FEATURES: » Convenience and accuracy are
combined in the Tyer 500 Resistors.

» All resistors are wound with an alloy wire
chosen so that no difficulty due to thermal
emf will be encountered in direct-current
work,

» Low temperature coefficient of resistance
and excellent high-frequency characteristics

make these resistors suitable for wide

variety of applications.

a

SPECIFICATIONS

Resistance: T'welve standard values are tabulated below,
Other values ean be built to special order.

Accuracy of Adjustment: Lach resistor is adjusted
within ==0.19 of its stated value at the terminals of the
unit, except the l-chm unit which is adjusted within
$=0.25%.

Frequency Characteristics: The table given on page
20 for the Tyre 510 Decade-Resistance Unit represents
the behavior of the Tyre 500 Resistors rather accu-
rately, partieularly for the lower resistance units (up to
GO0 ohms). For the higher-resistance units the errors are
less than those tabulated for the Tyre 510, beeause of the
relatively small shunt eapacitance of an isolated resistor.
Maximum Power and Current: All units will dissipate
one watt for o temperature rise of 40° Centigrade, The
value of current for this rise is given in the table below
and is engraved on each unit,

Temperature Coefficient: At normal room temper-
ature, the temperature cocflicient of resistance is less
than £0.0029; per degree Centigrade.

Type of Winding: IYor resistance of less than 200 ohms
Ayrton-Perry windings are used: for 200 ohins and higher
vadues of resistance the winding is unifilar on mien cards,

Terminals: Both terminal serews and plugs are supplied,
and both ean be used. Fach terminal stud is recessed as
a jack to accommodate a plug. Standard 34 -inch spacing
is uszed.

Mounting: Iach resistor is sealed in @ ease of black
molded phenolic with an impregnating wax, Two mount-
ing holes are provided.

Dimensions: (Length) 224 x (width) 1% inches. Over-
all height, exelusive of plugs, 1 inch.

Net Weight: 2 ounces.

Tupe Resistance Mazimum Current Cade Word Price
500-A 1 ohm 1.0a RESISTBIRD $3.00
500-B 10 ochms 310 ma 3.00
500-K 20 ohms 220 ma 3.00
500-C 50 ohms 140 ma 3.00
500-D 100 ohms 100 ma 5 3.00
500-E 200 ohms 70 ma RE 3.00
500-F 500 ohms 45 ma RESISTGOAT 3.00
500-G 600 ohms 40 ma RESISTGOOD 3.00
500-H 1000 chms 30 ma RESISTHYMN 3.00
500-L 2000 ohms 22 ma RESISTBELL 3.00
500-M 5000 ochms 14 ma RESISTPIPE 3.00
500-J 10,000 ohms 10 ma RESISTMILK | 3.00

GENERAL RADIO COMPANY
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RHEOSTATS

RHEOSTATS AND VOLTAGE DIVIDERS

USES: Variable resistors and voltage dividers
are useful in assembling experimental equip-
ment where tube voltages and circuit elements
are to be varied until the final design iz obtained.
In standard equipment, such as oscillators,
h!'illgv_-:. Test mini]nm'nt. and mdustrial 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 instrument
where variable resistances are needed. Ganged
units can be used where simultaneous control
is desired. Units with special resistance values
or tolerances can be made to order. In addition
to the ordinary linear models, tapered units of
both the straight and logarithmie type can be
made to satisly particular requirements.

GENERAL DESCRIPTION: The resistance wire
is wound on a strip of phenolic insulating
material which is then bent around and fas-
tened tothemolded supporting form. Construe-
tion is so arranged that the shaft may extend
through cither 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.

FEATURES: CGeneral Radio rheostats and volt-
age dividers are manufactured in five basie
models under several different types of con-
struction. The essential features of each type
of design are outlined below. The shafts turn
in accurately machined brass bushing inserts
which are molded into the phenolic form.

Type 371-A. The resistance wireis wound on a
linen phenolie strip, which is securely clamped
fo the supporting form. The contact arm is a
specially formed single phosphor-bronze blade
that provides smooth and firm contact with
the edge of the winding.

Type 371-T. In this unit the resistance form
is tapered linearly, so that the variation of re-
sistance with angle of rotation follows a square
law (increasing with clockwise rotation of the
knob in a panel-mounted unit). In all other
respects it 1s similar to the Tyre 371-A.

Type 214. This is similar to the Typr 371-A
in every respect except that the winding form
is narrower.

Type 301. This fype is a small, compact unit
similar in construction to the T'ype 214,

Type 471. This is a high grade unit suitable
for use in high-impedance cireuits where low
noise level is desired.

The high resistance windings are protected
from mechanical damage or disturbanee by an
external protecting strip of linen phenolic.

An inside contact arm, bearing four separate
wiping fingers, imsures low noise level and ex-
tremely smooth operation.

Type 314. The design features of this unit are
those of the Typr 471; in physical dimensions
it is similar to the Tyre 214.

SPECIFICATIONS

Accuracy: All types are wound to an accurncy of £5%
of the nominal values listed.

Maximum Current: T'he maximum current is the eur-
rent which will produce the rated power dissipation
when flowing through the entire winding. This current
ghould not be exceeded in any portion of the winding.

Terminals: Screw terminals with 3-fingered tinned
soldering lugs are provided on all models.,

Accessories: All models are provided with the necessary
serews and nuts for mounting, as well as a template for
laying ont the mounting holes. All units are supplied
with knob and pointer.
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RHEOSTATS

Mounting: All models ean be arranged for either table Tupe Power Raling
or panel mounting, e

. _ i ; i 3 214 10 watts
Dimensions: Over-all size and mounting dimensions are 301 4 watks
shown on the sketehes below, 301 (with
Power Rating: In the table below are given the approxi- protecting strip) 3 walts
mate power ratings of the various models. These ratings 314 | 5 watts
are for a temperature rise of from 30 to 60 degrees Centi- 371 15 watts
grade for open shelf or panel mountings. When mounted 471 12 watts

in enclosed spaees slightly higher temperature rises or
somewhat reduced ratings are to be expected.

MECHANICAL SPECIFICATIONS

A pproreemale N wndi Useful Angl Net Weght
T Tupe of Shaft af Tolal Turns of Rotalion in Ouwnees
214 . Sreel 200% to 1250¢ 303° i
301 L Steel 957 to  860= 254° 3
314 . Phenolice G751 to 1950+ 294° 6
371 . Steel 615% to 15004 30:3° =
471 . Phenolie | Q00T to 19004 204 ° | S
tFor lowest resistance unit, éFor highest resistance unit,
(intermediate values are proportional)
Maximum Maximm Codle
Tupe Resistance Current Waord Price

*314-A 1000 ¢! M ma DIVAN $5.00

"314-A 2000 B ma ENEMY 5.00

'314-A 5000 4! 400 min ENJOY 5.00

314-A 10,000 {? 25 ma DIVER 5.00

"314-A 20,000 ¢2 20 mi ENROL 5.00

“314-A 50,000 ¢! 13 ma DONAX 5.00

“314-A | 100,000 | 9 ma | poxca | 5.00

TYPES 314, 471

Ty A(Ineches) B (Inches)
314-A 35 135
471-A 3 254

| | ;
=, 5/16"
: " TO 9/16"

Maximum Maximum Coels
Ty Reststanc Current Word Price
471-A 10,000 2 35 ma ERECT $7.00
“a71-A 20,000 4! 25 mn HUMAN 7.00
“471-A 50,000 ¢ 15 ma ERODE 7.00 TY
“471-A | 100,000 2 1) ma ERUPT 7.00 PE 47] ‘A
“471-A | 200,000 ! 5 mit | ESKER 7.00

*Supplied with linen-phenolic protecting strip.
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RHEOSTATS

40

TYPE 214-A

TYPE 37 1-A

TYPE 301

——2 MTG. HOLES
"N“.' NO 25 DRILL

Mty mim Vv ie i T
Type  Revistanc Ciirront Word  Price
301-A ‘ 5% 0.9 = | parsy | £2.25
301-A 104! (.65 | nEMI) | 2.25
301-A | 20 Q2 ‘ Wl e IRENEW 2.25
301-A 504! 1T I P 1FLE | 2,25
301-A 1008 | 200 ma | e 2.25
301-A ‘ 20080 | 140 | s 2.25
301-A 5009 | 00w ‘ mvaL | 225
301-A | 1000 ¢! 03 | RavEL 2.50
301-A 2000 ! b5 {IH HEADY 2.50
301-A 5000 ¢! ‘ 25 ROMAN 275
*301-A 10,000 ¢! 17 ma | cruny 2.75
"301-A | 20,0001} 12 TH! CRUMB 275
*Supplied] with linen=phenolic protecting strip,
Vorrirvim Merinim (o
Resistanes Cturrent Wisrd Price
214-A 104 1.00 u HURAL $2.75
214-A 20 4! 0.7 a HA L0 2.75
214-A 505 1 430 a ‘At 2.75
214-A 100 & 320 ma RIVET 2.75
214-A 200 4! MY ma EMITY 2.75
214-A 500 %! 140 ROSIN 2.75
214-A 1000 ! 100 min ENACT 2.75
214-A 2000 ! T mn SYRLU I 2.75
214-A 5000 ¢} 15 ma | wowen | 275
214-A 10,000 ! S2  mn UM 2.75
TYPES 214, 371
If'_.-.qu {0 ek (] nel )
214-A 3 114
371-A 331 2

371-A
371-A
371-A
371-A
371-A
371-T

1000 :2
2000 i
5000 !
10,000 (!
20,000 2
50,000 :!
100,000 ¢!

| 10,000:!

3 MTG.HOLES
NO 25 QRILL

ON § RAD

1200 mna
HLULEE A H1
a3 i
a8 mu
Lt I 1]
16 mn
11 mn
5 B TH

GENERAL RADIO COMPANY
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I I*rie
HEDAN 5500
5.00
o -5-00
HEAW 1Y 5.00
KU LED 5.00
SATY I 5.00
SEOY 5.00
stULLy | 5.00
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RESIDUAL

IMPEDANCES

IN CAPACITORS AND INDUCTORS

VARIABLE AIR CAPACITORS

As a continuously adjustable standard of imped-
ance the variable air capacitor approaches very
closely the ideal cireuit element. At audio and low
radio frequencies the residual components are usually
negligible, and it is permissible to consider the
L"ipultur as having a pure, constant d[l.llll.ill!'t'
However, for use in precise measurements of imped-
ance, especially at high radio frequencies, it is neces-
sary to take account of the small residual parameters.
Figure 1 is an equivalent eireuit showing these
residual impedances,

The parameters R, L, and ¢ are all essentially
constant as a function of dial setting for Tyer 722
Precision Condensers. The dieleetrie conductance G
may be considered as the sum of two components,
one, the d-v leakage eonductance, which is constant
with frequency and negligible at Irequencies above
about 5 eyeles per second, and the other a conduct-
ance corresponding to polarization loss in the sup-
ports, which increases approximately as the first
power of the frequency.

At low frequencies, the metallic resistance /2 is
constant; at high frequencies (above 100 ke), where
skin effeet is essentially complete, it inereases as the
square root of the frequency. The induetance L
remains very closely constant as a function of fre-
quency, and eauses the effective terminal capaci-
tance ', to depart from the static capacitance ¢
according to the law

< | ..
Ce 1 — Wil (]'J

The metallie resistance K and the dielectric
conductance ¢ combine to cause a dissipative com-
ponent of impedance, which ean be expressed either
as a series resistance or a purallel conductance:

&
= i ———— (2)
R+ (
G, =G + Ra()*, (3]

The corresponding  over-all  dissipation factor is
approximately

D =Dy~ Dp = (_, + R . 4)
wl

A precision capacitor is used normally under such
conditions that the tll'«‘ui}llllﬂ!l factor components,
Dy and Dy, and the inductive error are small. The
expressions for the effective terminal impedance and
admittance of the capacitor under these conditions

are

FREQUENCY IN KILOCYCLES
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acitance,
ixed solid-

Frovnre 2. The variation, with frequeney, of ¢
a (top), and dissipation factor, b (hottom) of a
dielectric 1-::];:!£'i1|)t'.

At low frequencies, the effeets of the residual
parameters It and L arce negligible and the capacitor
acts like a pure capacitance € in parallel with a
conductance (7 or in series with a resistance

- -
llg = (_wf'ﬁ . i
Under this condition
{,I .
Dl S Rou= )
(78

15 a constant, where Dg is the fllui;m!mn factor
corresponding to the dielectric loss. The numerical
value of this constant is a convenient figure of merit
to define the magnitude of the losses at low fre-
quencies.

At high frequeneics the other residual parameters
become important. The losses in the metal parts of
the capacitor inerease with frequeney until they are
first, comparable to and finally in excess of, the losses
in the solid dielectrie. At high frequencies it is, there-
fore, necessary to consider both components of loss,

2. FIXED SOLID-DIELECTRIC CAPACITORS

The same residual impedances shown in Figure 1
for air eapacitors are present in solid-dielectric capac-
itors, but, beeause of a different mechanieal strueture
and because the eapacitance is concentrated in the
solid dielectrie, their relative magnitudes are different.

The effects of interfacial polarization in the di-
electrie are shown by the low-irequency portions of
Figure 2, a and 5. On these log-log plots the slope of
Fravne 1. The eguivalent circuit of a variable air eapac-
itor (". R represents the series metallie resistance, L the

induetance, and & the dielectrie conductanee,
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Frorre 3. Eguivalent eirenit of a Tyrer 380 Decade-
Cupueitor Unit showing the additional residual im-
pedances produced by the switches and wiring.

the lines is characteristic of the dielectriec material.
At very low frequencies, the d-c¢ leakage conductance
adds a component to the (Iir-'.-cip.':linll l‘;u'1-=1'. but does
not affect capueitanee. It is normally negligible, even
at 10 eveles per second.

At high frequencies, the series residuals eause dissi-
||:Llit1n factor to inercase as the 32 power ol fre-
queney, while the fractional change in capacitance
increases as the square of Irui:u ney \"\::-J Jquation 1).

Fractional change in capacitance and dissipation
factor each have o minimum value, which oceurs at
a frequeney that varies inversely with capacitance
and that ean be as low as 1 ke and as high as 10 Me.
For small capacitances, where the effeet of series

cireuit of a Type 219 Decade
Condenser.

Ficure 4. Equivalent

resistance appears only at very high [requencies,
a residual polarization, having a dissipation factor
constant with freyueney, sets a minimum value for
dissipation factor, It is also in this [requency range
around 1 Me that the effeet of dipole |ml‘uu':t1z)||
ovenrs, Diclectries  ordinarily used for capacitors
]':1|'vl_\‘ show the effects of this }I{J!:u Zation,

When eapacitors are assembled into decades, as in
the Tyre 380 Decade-Capacitor Units, the series
residuals are inereased by the switeh as shown in
Figure 3. There is also o terminal eapaeitance with
dicleetrie loss. The assembling of several decades into
a Tyre 219 l)u-ui(- Condenser adds more series
residuals and more terminal eapacitance, as shown in
Figure The solution of these more complicated
networks is disenssed in the General Radio f'.‘.r‘p:'r‘z-—
menter, Vol. XYI1I, No. 5, October, 1942,

Beeanse there is no frequeney ot which eapacitance
has reached constant value, cach General Radio
capacitor is adjusted to have its nominal value of
capuaeitance at 1 ke.

3. AIR-CORED INDUCTORS

The residual impedances in air-cored inductors are

Froure 5. Equivalent eir-
enit of an air-cored  in-

duetor L

CAPACITORS

a series resistance R of the copper winding and
a distributed capacitance represented in Figure 5
by a lumped capacitance €y having a dissipation
factor Dy, The inductor has a natural frequency fy
determined by the expression

Ry (9)

This causes the series inductance to inerease as the
natural frequency is approached according to the law

L
L‘c = =
1

A (10)
- 7

The parallel inductance is unaffeeted, except for the
slight deercase in the inductance !1:::1:;.,11! about by
skin effeet, This effcet is only noticeable in single-
layer voils and is minimized by the use of insulated
stranded wire (Latzendraht),

The effeets of the various loss components are
most easily I‘tlll't"‘<1l|l’l| by the |r]n! ol dissipation
factor against m:;tu ney, Figure In this plot, 1), is
the component ol dl--tpnmn rurm caused by the
d-e resistance, D is eaused by eddy currents in the
wire, and 1 is the dicleetrie loss in the distributed
capaeifance. The total dissipation factor 2 is the
sum of these components and has a minimum value
at a frequeney well below fi the natural frequency.

4, IRON-CORED INDUCTORS

Sinee fewer turns are necessary for a given induct-
ance beeause of the high permeability of the core,
Deand D, ave less for an iron-cored coll than for one
with an air core. The distributed capacitance €,
and henee ”."‘ are greater :r\\'iru_{ to the !'(JII(’[I!'Ii\'E1_\'
of the iron core. Two additional loss components are
present however, that are caused by hysteresis and
eddy currents in the core, The eddy current compo-
nent D, oinereases with frequency, while the hys-
teresis component £, 15 constant  with frequeney.
The component 1) is independent of flux density
and is lower for thinner laminations and for dust cores,
h. lIl'II{’[[li\ upon flux 1'1'11'-Il\ and is ne L‘II"]}I[!’ un]"
at flux densitics at least as low as those corre-
sponding to initial permeability. See General Radio
Lorperimenter, Vol. XVI, No, 10, March, 1942,

Iinch General Radio inductor, whether air- or
iron-cored is adjusted to have its nominal value at a
sufficiently low frequency so that it is the same as
its d-c value.

It is perhaps more usual to express the losses in
terms of the storage fnetor @ which is the reciproeal
of dissipation factor D. Dissipation factor D has
been used here beeause, where there are several
kinds of losses, dissipation factors add directly.

Freunre 6. The variation with frequeney of the dissipa-
tion factor of an air-cored inductor showing the relative
contributions of the several loss components,

GENERAL RADIO COMPANY 43



CAPACITORS

TYPE 722 PRECISION CONDENSER

Panel view of the Tyre 722-D Precision Condenser.

USES: The Typr 722 Precision Condenser is
a 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, and other instruments where accuracy
and stability are important.

DESCRIPTION: The whole capacitor assembly
is mounted in a cast frame, which is used to
give the unit rigidity. This frame, the stator
rods and spacers, and the rotor shaft are made
of alloys of aluminum which combine the
mechanieal strength of brass with the weight
and temperature coeflicient of aluminum. The
plates are of aluminum, so that all parts have
the same temperature coefficient of linear
expansion,

A worm drive is used in this eapacitor to
obtain the desired precision of setting. In
order to avoid the slight eccentricity which is
almost inevitable when a worm gear is
mounted on a shaft, the worm in the Tyre
722 Precision Condenser is cut directly on
the shaft. The dial end of this worm shaft
runs in ball bearings, while the other end is
supported by an adjustable spring mounting.
Ball bearings are used at both ends of the
rotor shaft. Flectrical connection to the rotor
is made, not through the bearing, but by
means of a phosphor-bronze brush running
on a brass drum. This method assures a posi-
tive electrical contact.

A preliminary assembly of the {rame, shaft,
and gears is driven by a motor to grind in the
gears before final assembly.

FEATURES: » A high degree of stability, under
constant laboratory use, has been obtained
by carefully selecting both materials and the
mechanical arrangement used in the Tyre 722
Precision Condenser.

» The precision of setting of all models is one
part in 25,000 of full scale, more than ade-
quate for most measurement uses,

» Direct-reading accuracy is within +0.19,
of full seale, and correction data are supplied
so that accuracies of =4=0.19 can be obtained
at lower scale seftings. A more precise calibra-
tion with a worm correction can be supplied,
giving corrections which permit an internal
consistency of 0.1 puf. The usable accuracy at
the terminals may still be limited to approxi-
mately 1 gul by the lack of a standard tech-
nique for connecting the capacitor into a
measuring circuit. (See General Radio Fxperi-
menter, Vol. XXI, No. 12, May, 1947, for
a complete discussion of connection errors.)

» Backlash has been reduced to less than
one-half a worm division by careful arrange-
ment of the bearings and drive mechanism.

» The temperature coefficient of capacitance
has been kept to about 20 parts per million
per degree Centigrade by using metal parts
which all have the same temperature coeffi-
cient of linear expansion.

» Low diclectric losses are assured by using
a low-loss ceramic for the solid dielectrie and
by keeping the capacitance associated with it
very small. When it is desired to reduce the
dielectric losses still further, quartz insula-
tion coated with a silicone resin can be used
instead of the ceramic. The coating prevents
the formation of a continuous water film at
1009, relative humidity or even under dew-
point condensation.

Interior view of the T'ypr 722-1) Precision Condenser.
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SPECIFICATIONS

Capacitance Range: Two stock models are available:

Type 722-17, direct reading in eapacitanee over iwo

ringes, 25 to 110 g, and 100 to 1100 guef; Tyes 722-0M,

intended for bridge-substitution measurements and direet

I'u;:-lin'.t in ":l;ﬁlt_‘il:llll'{_‘ removed from the 1::;;::\lrilnr over

a range of 1000 puf.

Rotor Plate Shape: Semicircular for all models, to give

a linear capacitance charaeteristie.

Standard Calibration Accuracy: Tyre 722-D: The

capacitance of the HIGI section, 100 to 1100 upf, is

indieated r__iirw-ti_\'l i||‘ n:i{-rrn|1i::|'nl'::r.-ula~' by the rli'.tl_ and cu:c‘:rmci 3:#,

drum readings within 41 et The l':!}!:H'il!llll‘{" of the .

LOW -:--m-n. 25 to 110 puf, is indicated directly in

miecromicrofarids ]a_\' one-tenth of the dial and drum

resdings within 2=0.2 ppf. Plot of & typical worm correction for a Type 722
Tyer 722-M: The r':\iz:lr.'l'.l:mi'n- at a reading of zero for Precision Condenser.

the dinl and dreum is indieated on a small eard mounted

on the panel, This eapacitance, about 1150 uguf in magni-

tude given to 0.1 guf and is aecurate within == 1 upf. Dielectric Losses: The ficure of merit, DC (dissipation
The scitor is adjusted to indieate directly in micro- factor times eapaeitance), when measured at 1 ke
mwicerofarads the capacitanee removed from the ecircuit to approximately  0.04 puf  for steatite insulation  and
an aceuracy of =1 upf, 0.003 puf for quartz.

In addition, a correetion chart is supplied giving Residual Parameters: The series inductance and the
corrections to 0.1 puf, at multiples of 100 guf. By using series metallie resistanee are given in the following table:

these data the dircet-reading aceurney which can be
obtained for the HIGIH section of the Typer 722-1D is Type 7 Ratl Me
£0.19, or =01 uuf, whichever is the g S — B

wer, and m R ] |

capacitance differences can be measured to £0.1% or Ligh seciion | 0.065 uh 0.02 O
+0.5 puf, whichever is the greater. For the LOW scetion Ia:r sasitan ”' 11 uh |;‘“; O
an acenracy of 0.1 pufl can be obtained for hoth direct 722-M | (.06 gh | 0.02

capaeitance and ecapacitance differences. Capacitance
differences on the Tyrere 722-M can also be obtained to
0.1 or 0.5 gul, whichever is the greater, by using
the correction data,

Worm Correction Calibration: Worm corrections can
be supplied for both models at an extra charge indi-
eated in the price list. Mounted charts are sllpj.}]i\'d.

The series resistance varies us the square root of the
frequency for frequencies ghove 10U ke,
Temperature Coefficient: The temperature coeflicient of
eapacitanee is approximately +-0.002% per degree Centi-
grade, for small temperature changes.

which wive the corrections to at least one more figure Drive: A worm-and-gear drive is used. To reduce irregu-
than the guaranteed necuracies, which are stated below. larvities and backlash the worm is cut integral with the

Tyer 722-13: When the worm correction is used, the shaft. The backlash is less than one-hall worm division
capacitanee of either section ¢an be determined within (there are 250 divisions per worm turn for the Tyre 722-1)
+0.1 ppf or £0.1%;, whichever is the greater, and eapaci- and the I'yee 722-M). If the desired setting is always

tance differences ean be measured to an aseeursey of approached in the direction of inereasing scale reading,
0.2 gul or £0.19;, whichever is the greater, with the no calibration error from this cause will result.

HIGH section; and 0004 guf or £0.1%;, whichever is
the greater, with the LOW section.

Tyre 722-M: Capacitance differences, in capacitance
removed, ean be measured within £0.2 ppf or £0.1%, " . s
whichever is the greater. Mounting: The capacitor is mounted on an aluminum
: . T ) : yanel finished in black erackle lncquer and enclosed in a
M‘axlmu'm Voltage: All models, 1000-volts; peak. ;hivld\-tl wialnut eabinet. A wooden storage case with lock
Dielectric Su pports: Two burs of steatite support the and "-'11'1'_\‘fl1:_" handle is included.
stator assembly, and econieal bushings insulate the
terminals from the panel. Quartz insulation can be sup-
plied on special order, (See price list.) Weight: 10145 pounds; 19%; pounds with carrying case,

Terminals: .T:u‘k-tup bhinding posts are |lru\’illl'd. Stand-
:i.r(l 3;-51:!'!; :=|a:|r'il1:: 1% IIR[.'{J. The rotor [l'l'[lli]l:ll 18 con-
nected to the panel and shield.

Dimensions: Panel, 8 x 915 inches; depth, 814 inches.

Tupe Capacilance Range Code Ward !‘r e

722-D 25t0 110 p.p.f and 100 to 1100 y.p.f, direet reading. . ... . CRUEL $]75 00
722-M 010 1000 ppf, dircet reading in capacitance removed from cirenit. COMIC 140.00

Worm-Correction Calibration for Type 722-M .. ... ... i S R WORMY 50.00
Worm-Correction Calibration for Type 722-D .. ... ceenenneeneers| WORMY | 70.00

When ordering, use compound code word, crvsLwonrmy, ete.
QUARTZ INSULATION
Any Tyrr 722 Precision Condenser can be obtained with quartz insulation.
Code Word Additional Price

Quartz Insulators for Type 722-M . ... .. I QUATZ ll $65.00
Quartz Insulators for Types 722-D or 722N ..... e QUATZ . 85.00

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

GENERAL RADIO COMPANY 45



CAPACITORS

TYPE 722-N PRECISION CONDENSER
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, [t is also
useful as a variable eapacitor 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
Condensers. The rotor and stator leads, how-
ever, are not brought out in the conventional
manner. In the Type 722-N Precision Con-
denser connection is made at the center of
both plate stacks.

The rotor connection is made by spring-

temper silver alloy brushes bearing on a
silver-overlay brass dise.
FEATURES: The important features of this
capacitor are its low metallic resistance and
low inductance. Both of these gquantities are
about one-third the magnitude of those in the
Tyre 722-D. The accuracy of calibration is
as good and the dielectric losses nearly as
low as in the other Type 722 Condensers.

SPECIFICATIONS

Capacitance Range: 100 to 1100 guf, direet reading.
Rotor Plate Shape: Semicirenlar to give a linear
capacitanee charaeteristie,

Standard Calibration Accuracy: ‘T'he eapacitance,
measured at 1 ke, is indieated direetly in mieromicro-
farads by the dial and drum readings to =21 ppdf.

A correction chart is supplicd giving corrections to
0.1 ppfl at multiples of 100 puf. By using these data the
direet-reading aceurney is 20,19 or =:0.4 ppf, whichever
is the greater, and the accuracy for eapacitance differ-
ences is 0,197 or 0.5 ppi, whichever is the greater.
Worm Correction Calibration: A worm correction ean
he supplied on special order. (Sce price hist,) A mounted
chart is xlx]-pli{'ll siving the corrections to at least one
more figure than the guaranteed aceurney stated below,

When the worm correction is used, the eapacitance

can be determined within 0.1 uuf or 4019, which-
ever is the greater, and eapacitunce differences can be
meastred to an aceuraey of 0.2 puf or 20,19, which-
ever is the greater.
Dielectric Supports: Two bars of steatite support the
stator asgembly, and a third bar insulateg the high
terminnl from the [l:llll‘i. Quartz insulation can he sup-
plied on a speeial order. See price list on preceding page.
Dielectric Losses: The figure of merit, DO (dissipation
factor times l':|p:u-ii:tlwn>'l. when measured at 1 ke, is
approximately 0,05 paf.  (See diseussion on page 42.)
Other Residual Parameters: T'he series metallic resist-
ance is about 0.00% ohm at 1 megnevele and increases
directly ng the square root of the frequeney. The dieleetrie
and metallie losses are :lllpl'n.*(illl:ll&'l_\' l'qllnl ata sclli.:lu.', of
1000 gl and a frequency of 1 Me.

The series induetanee is approximately 0,024 gh. The
inerense in eapacitance eaused by this inductance reaches
109 at a setting of 1000 ppf and a frequeney of 10 Me.

z\l xl!l:llli'r (':lp:u.'il:ﬂll'l.'. :Mfttiligs lhu I'ﬁt‘l"}i of rcsidu::l

Type

paratneters are less, The equal division of losses oceurs at
20 Me for a setting of 100 guf and the 109 eapaeitance
rise ocenrs at 30 Me for the same setting,

Maximum Voltage: 1000 volts, peak.
Temperature Coefficient: Approximately <0.0029
per degree Ceontigrade, for small temperature changes,
Mounting: The capuacitor is mounted on an aluminum
panel finished in black erackle laequer and enelosed in a
shiclded walnut eabinet. A wooden stormge ease with lock
and earrving handle is included.

Dimensions: Punel, 5 x 91 inches; depth, 814 inches.
Net Weight: 11! pounds: 20, pounds with earrving

cnse.

Precision

Interior
Condenser with half the =tator removed, showing
I.hl' ll:‘:lll.ri :lm| ﬂu_' Im'thl'-r[ of l'ol::ll-l'fildl 1o the rotor,

photograph of a Tyer 722.N

Code Word Price

722-N ] 100 to 1100 ppf, dircet reading

Worm-Correction Calibration. ... ... . .. .. ...

When ordering, use compound code word, noXErRwoRMY.

$160.00
50.00

HOXER
WORMY
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TYPE 848 VARIABLE AIR CAPACITOR

USES: The Tyrr 848 Variable Air Capacitor
is designed for use in radio-frequency equip-
ment. The linear models, for instance, can be
used as impedance-bridge elements, and the
logarithmiec model, Typr 848-1,, as a tuning
clement for radio-frequency oscillators. The
mounted model, Type S48-BM, is direct-
reading in capacitance, and finds many uses
where the high aceuracy of the Tyrr 722 Pre-
cision Condenser is not needed.

DESCRIPTION: Both the rotor and the stator
are insulated from the frame, and contact to
the rotor is made by a slip ring and a 4-fingered
brush. The rotor and stator stacks are made
up of brass plates soldered into single units,
which are then nickel plated. The rotor is
mounted in spherical oil-impregnated bear-
ings, which are mounted on metal endplates,
rigidly supported by four metal corner rods.
Stator supports are small ceramiec cones.

FEATURES: » Rigid construction and self-
aligning spherieal bearings assure mechanical
stability,

» Soldered plate construction keeps ohmic
resistance low,

» Insulated rotor and stator make the capac-
itor usable as either & 3-terminal or a 2-ter-
minal element.

» Capacitance from stator to frame and
from rotor to frame has been ]\'(-]ll low,

SPECIFICATIONS

Capacitance Range: Four unmounted models and one
mounted model are listed below,

Calibration: The Tyre S48-BM has a dial direct-
reading in capavcitance,

Plate Shape: Semicircular straight-line capacitanee
plates on all models execept the Tyre S48-1., which is
designed 1o give u logarithmic I'J'n'-ﬂu'lll'\ varintion in u
tuncd-cireuit r-f oscillator over a frequency range of
A/ 10:1.

Dielectric Losses: The figure of merit DO (dissipation
factor times eapacitanee) is approximately 0.02 ppf for
all types,

Supports: All models have metal endplates with small
cersmic  cones  supporting the stator, The rotor is
insulated from the shaft by two polystyrene collars.

Maximum Voltage: 1100 volts peak for Tyre S45-AL
and 700 volts peak for ull others.

Shaft: *«-inch solid steel shaft on all models.

Drive: No knobs or drives are supplicd exeept on the
Tyre S48-BAM which has o direct-reading dial,
Terminals: Soldering lugs on unmounted models: stand-
ard jack-top binding posts on mounted model,
Mounting: Tyre 345-BM is mounted on an aluminum
!luru'l in o ."-][il'il].l'li eabinet. All ul'hl'l models are
unmounted.

Dimensions: Typee S15-BM mounted model, 515 x 515
inches, x (height) 7 inches, over-ull, Unmounted models,
see accompanying sketeh,

Net Weight: I'vers SI8-A, -B, and <L, 234 pounds;
Tyre S45-C, 314 pounds; Tyre 845-BM, 815 pounds,

Nominal Mazximum

Nowminal Capacitanec—Rotor Grounded Capacilance to Frame
T arm ﬁtt‘;ﬁnh’m. Minimnm ) i Raolar : ,‘\'.::!ra.-' ol Ward Price
848-A 550 ppf 20 ppf 15 ppf 12 ppf CAMEL $17.00
848-B | 1100 ppf 20 ppf 15 ppf | 12 ppf CALIF | 19.00
“848-BM | 1100 ppf 22ppf | ... S CRISP 47.00
848-C 2100 ppf | 29 ppf | 18 ppf | 16 ppf crEsT | 24.00
848-L | 820 ppf | 21 ppf | 13 ppf | 12 ppf coLic | 23.00

*Cabinet-mounted model with dial direct-reading in eapacit:

Dimensional sketehes for

feft) Tyee 847, and (right) Tyee 848 Variable Air Capacitors,
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TYPE 847 VARIABLE AIR CAPACITOR

Fyer 847-C with Tyee 847-P1 Drive, and Typre S47-A.

USES: The Type 847 Variable Air Capacitor
is a smaller unit than the Type 848, but is
similar in construction. It has the same
general applications as the larger capacitor,
but is available only in lower capacitance
models,

DESCRIPTION: Cieneral design and construe-
tion are similar to those of the Typr 848.

FEATURES: » Rotor and stator are both in-
sulated from the frame in all models.

» Soldered plate construetion keeps resist-
ance low,

» Spherical oil-impregnated bearings are seli-
aligning, and assure mechanical stability.

» Worm-drive dial and drum assembly is
available for all models.

SPECIFICATIONS

Capacitance Range: Three models are listed below,

Plate Shape: Semicircular straight-line eapacitance on
all models.

Dielectric Losses: The figure of merit DO (dissipation
factor times ecapacitance) is approximately 0.02 ppf
for all 1ypes.

Supports: All models have metal endplates with small
cernmic cones supporting the stator. All rotors are
insulated from the shafts by polystyrene collars. Max-
imum nominal eapacitance of rotor to frame is 13 puf,
and stator to frame 11 pgf.

Maximum Voltage: 1500, 1400, and 1100 volts peak, for
the Typres 847-A, -B, and -C, respeetively.

Shaft: 3-inch solid steel shaft on all models.

Drive: No knobs or drives are supplied, but the Tyre
S47-P1 Worm Drive Assembly is availuble separately
(see below ),

Terminals: Tinned copper soldering lugs are provided.
Mounting: See sketeh on preceding page. Three mount-
ing serews are furnished.

Dimensions: See sketeh on preceding page.

Net Weight: All models, 1%5 pounds. Typre 847-P1,
1 pound.

Nominal Capacitance—Rotor Grounded

| Tupe o -__,”-r,rr'm| o Minimum 2}1 Word L Price -
847-A 75 ppf 15 ppf CAPER $13.00
847-B 110 ppf 16 ppf CAPON 14.00
847-C 220 ppf 16 ppf CARAT . 16.00
847-P1 Worm Drive Assembly, 30:1 DRYAD | 15.00

TYPE 846 VARIABLE AIR CAPACITOR

USES: The Type 846 Variable Air Capacitor
is designed primarily for use as a ftrimmer
capacitance in oscillators, bridges, and other
audio-frequency and radio-frequency equip-
ment. At high frequencies, because of its low
residual impedances, it is usable as a tuning
capacitance in receivers and oscillators.

DESCRIPTION: Soldered brass plates, nickel
plated, are used in this capacitor. The stator
is mounted on a single low-loss thermoplastic
end plate, which serves as an insulating
mounting plate and as a bearing. T'wo shaft
styles are listed, one for use with a knob,
and one for serewdriver adjustment.
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FEATURES: » The T'yre 846 Variable Air
Capacitors are small and easy to mount.

» Dieclectrie losses are extremely low.

» Ohmic resistance is kept low through the
use of soldered plates,
» Long sleeve bearing aids stability.

SPECIFICATIONS

Capacitance Range: Three ranges are availuble as
lizted below.,

Plate Shape: All maodels have semicireular rotor plates
giving approximately linear eapaecitance variation with
wngeular setting,

Dielectric Losses: The figure of merit DO (dissipation
factor times capacitance) is less than 0.004 guf for all
IV pes.

Support: A single
supports the entire
Maximum Voltage: 500 volts peak.

Drive: All “K” models have extended shafts for knob
drive and are supplied with a Tyre KNSP-6 knob. All
T models have flush shafts with a slot for serew-
driver drive.

low-loss  thermoplastie  endplate

==cinhly.

Caparcitanee

Terminals: Tinned copper soldering lugs are ]Jru\'i(ll'd.
Mounting: Sce accompanying sketceh,

Dimensions: Sce accompanying sketch, Depth (dimen-
sion X) is given in table below,

Net Weight: """ models about 114 ounces;

about 215 ounces.

=72

K maodels

Tupe ) ;”!_f,a.‘e:mr.rrf ‘;lf:'m'm Hm Drive Depth (X) Code Word Price
846-AK 11 ppf 2 ppf Knob ' 7" CABAL I $2.35
846-AT 171 ppf 2 ppf | Screwdriver 7" CABIN 2.00
846-BK 20 ppf 2.5 ppf Kneb 7" CABOB | 2.50
846-BT 20 ppf | 2.5 ppf | Screwdriver 7" CADDY L2315
846-CK 45 ppf ' 3.5 ppf Knob 114" CADET | 2.75
846-CT 45 ppf 3.5 ppf | Screwdriver | 114" CANTO [ 2.40

TYPE 509 STANDARD CONDENSER

USES: These capacitors are fixed standards
for laboratory use. When they are used in
conjunction with a Typr 722-D or a Tyre
722-M Precision Condenser in a parallel sub-
stitution method of measurement, precise
measurements of capacitance up to several
microfarads ean be made. For eapacitor
manufacturers who maintain a eapacitance
standardization laboratory, a set of Tyrr 509
Standard Condensers, used with a Tyree 716-C
Capacitance Bridge, is recommended.

DESCRIPTION: Each Tyre 509 Standard Con-
denser consists of two Tyee 505 Capacitor
units which have been put through an addi-
tional ageing process. The final accuracy and
stability are thus inereased markedly., The
units are mounted in east aluminum cases and
are furnished with jack-top binding posts.
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FEATURES: » Stability within 40.19; is ob-
tained by carefully controlled ageing.

» An accurate calibration, within £0.19; is
furnished with each unit.

» Plug-in terminals are arranged for con-
venience in using the capacitors. Several

units can be stacked one upon the other
without the use of leads. There is no cumula-
tive error when the eapacitors are so stacked,
80 that these units can be used in parallel in
much the same way that preeision gauges are
added in mechanical measurements.

SPECIFICATIONS

Capacitance: Ten sizes are listed below,

Accuracy of Adjustment: e capacitor is earefully
adjusted within £0.259% of the
\‘:!l”l‘ I'T:L’T':’l\‘l‘l[ on :hi" CASC.
Accuracy of Calibration: After cach eap:
been sged

nominal eapacitance
dqtor has
adjusted, and mounted, its eapacitance is
carefully  as and the value of
at 1 ke, aceurate within -£0.19, is entered
on a certificate of ealibration which is packed with each
unit.

Stability: Over reasonable periods of time (at least one
veur) each ecapacitor will maintain its ealibrated value
within s=0.1%,.

Temperature Coefficient: thun —0.019%
degree Centigrade between 107 and 50° Centigrade.
Dissipation Factor: The dissipation fuetor of all units,
when measured at 1 ke and 23° Centigrade, is less than
0.0005,

Frequency Characteristics: The variation of eapaci-
Lar
tl
is eanged by interfueial polarization in the dicleetrie, that
frequencies by inductanece. (See table
The dissipation factor rises at Jow frequencies
n the dieleetrie, and at high frequencies

THe:s possible,

Less

per

e and dissipation factor with frequeney is shown in

plots below. The rise in eapacitanee at low frequencies

at high
helow,

series

beeause of loss

beeause of series moetallic resistance,

This resi 1 Me is given in the table helow
and varies as the square root of the frequeney for fre-
quencies above 100 ke,

tance ot

Leakage Resistance: The leakage resistance, when
measured at H00 volts, is greater than 100,000 megohims
except for the Tyres 509-U, 500-X, and 509-Y, In these
units the resistunce is greater than 50,000, 20,000, and
10,000 megohms, respectively.

Maximum Voltage and Frequency: The maximum
peak voltage ig 500 volts, at frequencies
limiting frequencies tabulated  below. At
quenecies the allowable voltage deer and is inversely
proportional to the square root of the frequency. Th
limits correspond to a temperature rise of 40° Centi
for a power dissipation of 3
5 watts for the larege.

below  the

re-

higher

s
wle
watts for the small ease and

Mounting: ('szt aluminum eases are used, small size
for T'yrees 5001, -G, -K, -L, and =M, and large size for
.'ll] others,

Terminals: T'wo juck-top binding posts spaced ¥ of
inch apart are moumed on the ease. One
grounded, and the other one i insulated by means of a

term

low:loss phenolic bushing.

Dimensions: Smuall case, (length) 475 inches x (width)
2145 inches x (height) 174 inches, over-all.
(length) 6 inches x (width) 325 inches x
inches, over-all,

Net Weight: Typres 509-T, -G, 14 pounds; Tyres
S09-K, -1, =M, 134 pounds; Tyees 500-18, =T, 25§ pouncds;
Typre s09-1, 23 Tyre S09-N, pounds;
Tyre 509-Y, 3

1 potnds
a5 poutuls,

) 'f,a{n _( :r.l;;m _"‘.r}irr'r' Peal: Vaolts  Fre queney 5 It r]?‘_{_ "[{;_— .( R ol 11i|.r."r|" f’rfr‘r'
509-F @ 0.001 pf 500 2500 ke | 0.065 xh | 0.040 @ | Small |coopcoxnoy 1$22.00
509-G | 0.002 pf 500 1250 ke | 0.065 gh | 0.040 € | Small |coobcoxsura| 22.00
509-K | 0.005 pf | 500 500 ke | 0.035 xh | 0.020 2 | Small |coobcoxcar | 22.00
509-L 0.01 pf 500 250 ke | 0.035 gh | 0.020 © | Small |coopcoxnoc| 22.00
509-M | 0.02 pf ‘ 500 125 ke | 0.035 gh | 0.020 2 | Small |coopconkyr | 24.00
509-R | 0.05 uf 500 80 ke | 0.040 gh | 0.025 © | Large |Goopcoxric [ 26.00
509-T | 0.1 pf 500 10 ke | 0.040 gh | 0.025 @ | Large |coobcoxron| 28.00
509-U | 0.2 pf 500 20 ke | 0.040 gh | 0.025 @ | Large |GoonconsiN | 35.00
509-X | 0.5 pf 500 8 ke | 0.040 gh | 0.025 @ | Large | GooncoNsum| 42.00
509-Y | 1.0 pf 500 4 ke | 0.050 ph | 0.030 @ | Large | coonpcoxrtor | 70.00

(Left) ("]l:;l];_rf_' in (':!1_|."1f"i1::m'1_- as a funetion of fl"r'fllli'i.’lf'_\'. These changes are referred to the values the i‘.‘t|l:!r‘iTH]‘:€ would

have if there were no interfaeial polarization and no series induetance. Since the eapacitors are adjusted to their nominal
values at 1 ke, the 1-ke values on the plot should be used as a basis of reference in estimating the frequeney error.
(feight) Dissipation factor as a funetion of frequency.
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TYPE 505

USES: The Tyer 505 Capacitors are con-
venient and aceurate plug-in units, which can
he used as secondary laboratory standards
and circuit elements in all types of equipment.
An assortment of various sizes is indispensable
to any communications laboratory.

DESCRIPTION: The eapacitor unit consists of
a miea and loil pile, which is held by a heavy
metal clamp. This clamp is not connected to
cither capacitor teeminal but is left floating.
After aging, the capacitor unit is placed in
the low-loss phenolic case, surrounded by
silien gel and ground cork, and then covered
with paper and sealed with wax.

FEATURES: » The Tyre 505 Capacitors are
small, accurate, and convenient to use. Both
serew and plug-type terminals are furnished.

CAPACITOR

With the plug terminals différent units can
be stacked in parallel without cumulative
connection errors.

» India mica with excellent electrical charac-
teristies is used, and each piece is inspected for
mechanical defects and imperfections which
might cause large dielectrie losses.

» The mounting method used reduces the
temperature coefficient of capacitance to a
low value and makes the dissipation factor
independent of humidity.

» Moisture is eliminated by heating cach unit
before sealing. Any moisture that may collect
after the eapacitor is in use for some time is
absorbed by silica gel in the case.

» Low-loss (yellow) phenolic cases are used
to insure low dissipation factor and low leak-
age conductance.

SPECIFICATIONS

Capacitance: Twelve sizes are listed in the price table,
Accuracy of Adjustment: All units are adjusted within
195 or 10 uuf, whichever is the larger.

Temperature Coefficient: The temperature coefficient
of capuaecitance is less than +40.019% per degree Centi-
grade between 107 and 50° Centigrade.

Dissipation Factor: The dissipation factor of all units,
exeopt the three smallest sizes, measured at 1 ke and at
25% Centigrade, is less than 0.0005. Beeause of the in-
creasing effect of dieleetrie losses in the phenolic ense on
the dissipation factor as the eapacitance decreases, the
dissipation factor, at 1 ke and 25° Centigrade, of the
Tyres 505-A, 505-B, and 505-1% is less than 0.0010,
0.0008, and 0.0006, respectively, A change of about

+5%, of its value oecurs in the dissipution factor for o
temperature rise of 17 Centigrade.

Frequency Characteristics: The cficctive terminal
eapacitance is essentially constant over a wide frequency
range. At low frequencies there is an inerease in capaci-
tance beeause of interfacial polarization  (dielectrie
absorption) in the mica. At high frequencies there is also
an inerease beeause of residual inductance in the leads
and terminals, amounting on the average to 0.055 gh
for the capacitors mounted in the small cases and 0.055 ph
for capacitors mounted in the large cases. The percentage
change in capacitance with frequeney for representative
sizes of Tyre 505 Capacitors is shown in the accompany-
ing plot.
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100Me

(Left) Change in eapacitance as a funetion of frequeney. These changes are referred to the values which the eapacitors
would have if there were neither interfacial polarization nor series inductance. Since the capacitors are adjusted to their

nominal values at | ke, the 1-ke value on the plot should be used as a basis of referenee in estimating frequency errors.
(Right) Dissipation factor as a funetion of frequency.

The change in dissipation factor with frequeney is also
shown in one of the accompanying plots. At low fre-
quencies there i2 an inerease in dissipation factor beeause
Hl'ilﬂvl‘f:u'i.'l.] ;:u!.-u'i:r.:niun i the miea. At ]|i:_']: fl‘l'lilll'llf'i'.'s
there is also an inerease caused by series resistance in the
leads and terminals. This resistanece varies with the square
root of the frequency for frequencies above 100 ke and
has at 1 Me an average value of 0.03 ohm for capacitors
mounted in the small cases and 0.05 ohm for eapacitors
mounted in the large cases,
Leakage Resistance: The leakage resistance, when
measured at 500 volts, is greater than 100,000 megohms,
exeept for the Tyres 505-17 and 505-X. In these units,
the resistance is greater than 50,000 and 20,000 megohms,
resped !!I.\'l-l_\'.

2 MTG. HOLES
NO.16 DRILL IN._
SMALL CASE \_

2 MTG.HOLES
NO. I8 DRIL
IN LARGE CASE

Type Capaeilanee

505-A
505-B
505-E
505-F

100 ppf

200 ppf

500 ppf
0.001 pf
505-G 0.002 pf
505-K 0.005 pf
505-L 0.01 pf
505-M 0.02 pf

*505-R 0.05 pf
*505-T 0.1 pf
*505-U 0.2 pf
*505-X ! 0.5 pf

“Mounted in large case.

Maximum Voltage and Frequency: The maximum
peak voltage which the capacitors will safely withstand is
500 volts for all but the two smallest units, which will
withstand 700 volts peak. These ratings hold up to the
limiting frequeneies  tabulated below., At higher fre-
quencies the allowable voltage decreases and is inversely
proportional to the square root of the frequency. These
limits correspond 10 a temperature rise of 40° Centigrade
for a power ili!-:ai]:::ni- m of 1 watt for the small case and
2.5 watts for the 1:11‘:_11' case,

'f'_r; ne f"il"-“!}'u»‘u(y
H05-A 2000 ke
505-B OO0 ke
a0H-E 1000 ke
H05-1" S00 ke
50503 400 ke
H05-IK 160 ke
5005-L &0 ke
S035-M 40 ke
H05-R 40 ke
505-T 20 ke
505-17 10 ke
S05-X 4 ke

Terminals: Serew terminals spaced 25 ineh apart. Two
Type 274-F Plugs are supplied with each capacitor so that
it may be converted to a plug-terminal model.
Mounting: Low-loss (vellow) phenolic cases.
Dimensions: See sketeh, Over-all height, 1534 inches for
lnrge ease, 1 inch for small case, exclusive of plugs,

Net Weight: 4 ounces,

Code Ward Price
CONDENALLY $ 5.00
CONDENBELL ' 5.00
CONDENCOAT 5.50
CONDENDRAM 5.50
CONDENEYRE 5.50
CONDENFACT 6.50
CONDENGIRL 6.50
CONDENHEAD 8.50

10.00
14.00
20.00
32.00

CONDENCALM
CONDENCROW
CONDENWITE |
CONDENWILT |
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TYPE 219 DECADE CONDENSER

USES: The Tyrr 219 Decade Condensers find
uses in every laboratory as tuned circuit
clements, bridge impedances, filter elements,
or as components ol any cireuit where a wide-
range variable capacitor is necessary.

DESCRIPTION: The Tyre 219 Decade Con-
densers are assemblies of three Tyre 380
Decade-Capacitor  Units  mounted in  a
shielded ecabinet. Iach decade has eleven
positions, 0 to 10 inclusive, so that the dec-
ades overlap. A positive detent mechanism
allows the switeh to be set accurately.

FEATURES: » A wide range of direct-reading
capacitance values is covered by the Tyre 219
Decade Condensers.

» Accuracy is sufficient for most laboratory
work, although the boxes have not been de-
signed as standards.

> 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-dielectric capacitors on all
decades except the 0.1-microfarad decade of
the Tyre 219-M.

» Mica dieleetric is used throughout the
Tyre 219-IC, which can therefore be used
where the comparatively high losses of paper
capacitors cannot be tolerated.

SPECIFICATIONS

Accuracy: All units are aceurate at the deeade terminals
within ==19%, except the 0. l-mierofarad decade of the Tyre
210-M which is within 429, To obtain these neeuracies at
the box terminals, aceount must be taken of the effective
zero capacitance of the box, which is made up of the true
zero capacitance and the mutual capacitance between
units. The values for the different boxes follow:

Type Efeetive Zero Capacilance
219-K 30 pud
2149-M 30 puf

These values are engraved on the Instruetion Ilate on
every box.,

0.6ph 0015 0.10ph

. T —AW—— U —
"
mad

| 8 pyl BO l_,. |
e, L—o—

Residual impedances in the Ty ee 219 Decade
Condenser,

_T’y;n: Capacitance

No. of Dials

Dissipation Factor: The dissipation factor for the in-
dividual decades is given in the specifications for the
Tyre 3830 Decade-Capacitor Units. For the three lowest
steps of the thousandths-microfarad deeades, the tabu-
luted vahies will be exceeded beeause of losses in the
zero eapacitance.

Maximum Voltage and Frequency: These values for
the different decades are given in the specifications for
the Tyre 380 Deeade-Capaeitor Units, The limiting
values for the different Ty ee 219 Decade Condensers are
engraved on the Instruction Plate for each box.
Frequency Characteristics: The variation of eapaci-
tance and dissipation factor with frequency is similar to
that shown on page 55 for Tyre 380 Decade-Cupuvitor
Units, modified by the additional residual impedances
shown in the accompanving sketeh., Detailed deserip-
tions of these frequency characteristies are given in the
General Radio Experinenter, Vol, XVII, No, 3, October,
1942,

Terminals: Standard jack-top binding posts with a
34-inch spacing are used. The shield is connected to the
“G' terminal

Mounting: The deeades are assembled on an aluminum
panel and mounted in a shielded walnut cabinet,
Dimensions: Tyrees 219-1X and 219-M, {length) 1334 x
(width) 514 x (height) 57¢€ inches.

Net Weight: Tyre 219-K, 1034 pounds; Tyre 219-M,
854 pounds.

Type 380

219-K 1.110 pf in 0.001 pf steps
219-M 1.110 pf in 0.001 pf steps

Decades [Used Code Word — Price
| 7, M, N CROSS $135.00
L, M, N BRIER 70.00
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TYPE 380 DECADE-CAPACITOR UNIT

Tyrr 350-M.

USES: The Tyre 380 Decade-Capacitor Units
are extremely useful as elements in tuned
circuits, wave filters, and other experimental
or permanent equipment where a rather large
variable capacitance is desived. They are also
useful in oscillators, analyzers, amplifiers,
and similar apparatus, especially during the
preliminary design period when eapacitance
values are to be determined by experiment.

Tyrr 380-17.
DESCRIPTION: ISach decade is an assembly of
four individual mica or paper capacitors. A
selector switeh is arranged to make parallel
combinations of the units so that any one of
ten values may be obtained.

The switeh is of rigid construction and
carries a detent mechanism for positive loca-
tion of the switch positions. A phenolic shalt
is used and contact is made by means of
cams bearing on phosphor-bronze springs. A
brass shaft bushing is molded in. This switch
together with dial plate and knob is available
separately as the Tyer 380-P3. (See price list.)

All standard units are furnished complete
with knob, photo-ctched dial plate, and stops.
FEATURES: » Stability of the Tyri 380 Dec-
ade-Capacitor Units is obtained by ecareful
scleetion and  ageing of the component
sapacitors.

» Molded miea capacitors are used on the
smaller decades while the Tyrr 380-I" em-
ploys Tyre 505 Capacitors.

» Thorough impregnation during winding,
with molten ceresin, is given the paper
apacitors used in the Tyer 380-1.. A non-
inductive tyvpe of winding is used, with the
foil projecting at cach end of the roll, thus
avoiding the large inereases in dissipation
factor and capacitance that oceur at high
frequencies when only the one end of each
foil is conneected.

(Lefty Rear View of Tyre 380-M.
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SPECIFICATIONS

Accuracy: All units are within 219, when measured at
1 ke except the Tyre 380-L, which is accurate within
429, T'he units nre checked with the switch mechanisim
high, cleetrieally, and the common lead and ease grounded.

Dielectric: The Tyer 380-17 iz made up of Type 505
Capacitors which have miecw as the dielectric, The Tyrr
350-L uses ceresin-impregnated linen-paper eapaeitor
units while the T'yre 350-M and Tyre 350-N use mica
capaecitors molded in phenolic enses,

Dissipation Factor: The dissipation factor of the differ
ent units, when measured at 1 ke and 25° Centigrade,
will be less than the values in the following table, with
the exception of the three lowest settings of the Tyre
380-N. Here, beenmse of the losses in the switeh and
mounting, the tabulated dissipation [actor may be ex-
ceeded by a slight amount.

Type Dissipation Faclor
380-17 L0005
380-1L (L0710
380-M 0.0010

380-N 0.00:25

Frequency Characteristics: The varintion of eapaci-
tance and dissipation faetor with frequeney is shown in
the accompanying plots. The rise in capacitance at low
frequencies is caused by interfuacial polarization in the
diclectrie, that at high freguencies by series inductance.
T'he dissipation fuetor also rises at low frequencies beeause
f interfacial |Jr:!::l'iz:ltin:|. and at high !‘r'\"llh'!li'iv:\ be-

: ries resistance in the leads, Values for the
residual Parameters are given in the General Radio
Experimenter, Vol. XY1I, No. 5, October, 1942,

15¢ of s

Maximum Voltage and Frequency: The maximum
peak voltage which the units will safely withstand is 300
volts, with the exception of the Tyree 350-1" which will
withstand 500 volts, These voltages hold up to the limit-
ing frequencies tabulated below, At higher frequencies the
allowable voltage decreases and is inversely proportional

Type Capacilance

380-F 1.0 pfin 0.1
380-L 1.0 pfin 0.1
380-M 0.1 pfin 0.01
380-N

380-P3

pf steps. ... ..
pf steps. .. ..
pf steps. .. ..
0.01 pf in 0.001 pf steps.....

SwitchOnly..................

Over-all dimensions of Tyres 350-L, -M,
Decade-Capacitor Units: dimension A is 32
While Tyee 350-1" uses the same switch mechanism,
capacitors are mounted on both sides of the switch

and the panel space required is 435 x 415 inches.

to the square root of the !I!'('fj_lll'?li'_\'. These limits corres-
pond to a temperature rise of 40° Centigrade for a power
dissipation of 2,5 watts for the Tyer 350-F and 3.5 watts
for the other units.

Tupe Fre queney
380-1 d ke
As0-1, 1 ke
380-M 100 ke
380-N 1000 ke

Terminals: Flexible, rubber-insulated leads are provided,
Mounting: Muachine serews for attaching the decade
to a panel are supplied.

Dimensions: Type 380-F, panel space, 434 x 417 inches;
behind panel, 4 inches, Ty pres 350-1, 350-M, and 350-N,
see aceompanying sketeh.

Net Weight: Tyree 350-17, 3 pounds, 12 ounces; Types
380-1 and 350-M, 1% pounds; Tyree 380-N, 1 pound,
6 ounces.

Cade Ward Price

$80.00
15.00
22.00
15.00

ACUTE
ADAGE
A\DDER
ADDLE
SWITCHFORD 8.25

(Left) Change in eapacitance at maximum setting of each deeade as a function of frequency. The eapacitance curves

are referred to the value the eapacitor would have if there were no interfacial ]lr;l:n'iznlir-n and no series induetance,

Sinee the (';Lp:u'i{nt‘.é are :|e].j||~&[<-|i to their rated aceuracy at 1 i\! the 1 ke \‘:tll!t_‘ on the p[l:[‘- should be used as a basis
1.1' 1'1-1'01':':::':- n |'-.-Iil1!:||in:_' the frl"quvluy\' arror.

(Right) Dissipation factor as a function of frequency,

ke
FREQUENCY
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TYPE 940 DECADE-INDUCTOR UNIT

USES: The Tyer 940 Deecade-Inductor
Units are convenient eclements for use in
wave filters and tuned eircuits throughout
the audio and low radio-frequency range. As
components in oscillators, analyzers, and
similar equipment, they are especially useful
during the preliminary design period when
the ability to vary circuit elements over rela-
tively wide ranges is necessary to determine
optimum operating values, As moderately
precise standards of inductance they have
storage factor @ values which are much larger
than can be obtained with air-cored coils.

DESCRIPTION: Each unit is an assembly of
four toroids wound on molybdenum-perms-
alloy dust cores. All four coils (relative values
1, 2, 2, 5) are connected in series, and the
switeh, a modified Tyre 920, short-circuits

combinations of the coils to give the eleven

suecessive values from 0 to 10. The switch
blades are phosphor bronze with silver over-
lay to decrease both contact and volume
resistance.

FEATURES: » Iligh values of storage factor Q
are obtained in all models, with maximum
values over 200,

» Toroidal construction practically eliminates
any external magnetic field, and makes it
possible to stack the coils closely without
trouble from mutual induetances. The toroids
are nearly astatic to external magnetic fields.
» Electrostatie shielding and mechanical pro-
tection are furnished by the aluminum frame
and covers.

» Moisture is kept from the windings by wax
impregnation.

SPECIFICATIONS

Accuracy: Iinch unit is adjusted so that its induetance

at zero frequency and initial permeability will be the

nominal value within the aceuraey toleranee given in the

following table:
Inductanee
per step

‘__l _12.11 ‘ﬂl :nh_‘ 1_()_[1__:_:1}. _l 1h
Aveuracy 0

';[}.35(}
Frequency Characteristics: The equivalent inductance

of these units in terms of the nominal inductance L is
given by the following equation:

| 229% | £1% | =0.

L
1 -—w:(\.L
Typieal values for the distributed eapacitance Co of the
Tyrr 940-A Deeade-Inductor Unit are as follows:

Step [L|2[3|4]|5]6]7 |h|l] 10

Co (upf); Chassis tied to ! | | | |

Low Terminal 9060 .:Ur:() aU 45140 17"35 35
Co (puf); Chassis Floating |45, !'1 135(35|! JU 40[3532(30.25

For the Tyres 940-B, -C, and -ID the above values
should be multiplied by the factors 1.1, 1.25, and 1.5
respectively.
Current Characteristics and Maximum Current
Ratings: The core permeability and the inductance
value of each toroid are raised 0.19; by the application

L (equivalent) =

of 1.20 ampere turns. The corresponding r-m-s current
values I, for each of the toroids are listed below, together
with the r-m-g current values I: corresponding to a safe
heat dissipation of two watts pm' toroid.

N Rl J'. :u.a)

| Is (amp)

Inductor Toroid | for 0.1 inerease
940-A | 1 mh 15.1 7".!
940-A 2 mh 10.7 | 52
940-A S mh G.5 3.0
940-B 10 mh | 4.8 | 2.3
040-13 20 mh 3.4 1.7
940-1 ‘ 50 mh l 2.1 | 10
040-C ’ 100 mh [ 1.51 0.72
0940-C" 200 mh 1.07 | 0.52
940-C 500 mh ! 0.68 0.30
| |
940-D | 1h 0.458 0.23
040-D | 2h 0.34 0.17
940-D 5h 0.21 0.10

Currents of about 6 I; will produce 0.5% increase in
induetance; 25 I gives 19 increase; about 45 I pgives
a maximum inerease of 29, while still larger currents
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produce a drop in inductanee, the error being zero at
about 100 1. The [+ values may reduce L to about 707
of its initial value.

Dissipation Factor: The secompanving plot shows the
variation of the dissipation factor D — 1/Q with fre-
queney for the full value of each inductor (see page 43).
It will be seen that maximum storage factor € wval-
ues between 200 and 330 are obtuined at frequencies
between 2 and 5 ke.

Temperature Coefficient: The temperature cocflicient
of inductance is nbout 50 parts per million per degree
Centigrade,

Maximum Veoltage: The maximum r-m-s voltage for
which the units are insulated is 300 volts. The switeh
will break the circuit at 500 volts if turned rapidly to the
new setting, but voltages above 150 may cuause destrie-
tive :n'l':im_' if the switch is set between detent imsitin]m

Terminals: Soldering Iugs are provided,

Mounting: Each deeade is complete with dial plate,
knob, and mounting serews.

INDUCTORS

3
d
3
i

FRECUERCY - KX OEYCLES

Variation of dissipation factor for the full value of
each inductor, Dashed ecurves vorrespond to use with
chassis th[irlg.

Dimensions: (Width) 7!5 x (height} 34 x (depth
hehind panel) 314 inches, over-all,

Net Weight: 1314 pounds.

'f';”;:_ Inductaner - _f'uafﬂ 'I.i'(.n.'.:.f Price P
940-A 0.01 hin 0.00T hsteps............. INDUCTOANT ‘ Piice
940-B 0.1 hin0.01 hsteps............. INDUCTOBOY =
940-C 1 hinO1  hsteps............. INDUCTOCAT "
940-D 10 hin1 hsteps............. INDUCTODOG ‘ Request

TYPE 1490 DECADE INDUCTOR

USES: Where an adjustable inductance cover-
ing a very wide range is required these boxes
will be extremely useful,

DESCRIPTION: The Tyre 1490 Decade Indue-
tor is an assembly of three or four Typz 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.

SPECIFICATIONS

Frequency Characteristics: In determining the correc-
tion factor w*CWL use the O value corresponding to the
largest decade unit actually in eirenit, For each larger
decade unit not in eireuit add 100 guf if the induector is
grounded to the panel or add 20 puf if the inductor is
not grounded to the panel.

Terminals: Jack-top binding posts.

Mounting: The deeades are mounted on an aluminum
panel in a metal cabinet,

Dimensions: 1490-A 123{ x 7%{ x 5% inches over-all
height. 1490-B 1614 x 73 x 5% inches over-all height.
Net Weight: Type 1490-A, 15 pounds; Tyee 1490-13,
19 pounds,

2

Other specifieations are identicnl with those for the
Tyee 940-Decade-Inductor Units,
Ty pe

1490-A |

I'nductanee

1490-B

1 h, total, in steps of 0.001 h

| 10 h, total, in steps of 0.001 h

Corde Ward Price
........ CLUMP Price
on
........ COACH Request

GENERAL RADIO COMPANY 57



INDUCTORS

VA
"‘r‘!‘
L W
ToaL ¥
wuiol

el
AL TN

WILLIRENRYS

ERIES

TYPE 107 VARIABLE INDUCTOR

USES: The Tyre 107 Variable Inductors find
their greatest uses in the laboratory as stand-
ards of moderate accuracy for measurements
ol self- and mutual inductance, and as com-
ponents ol bridges, oscillators, and similar
equipment where a variable inductor is needed
as a circuit element.

DESCRIPTION: T'wo coils, a rotor and a stator,
are mounted concentrically. As the position of
the rotor is changed the coupling between the
two coils changes, and the inductance is varied.

In most models stranded wire is used, in
which the separate strands are insulated from
one another. The coils are impregnated and
baked in a high-melting-point material before
being securely mounted to the phenolie panel.

FEATURES: » Direct reading in inductance for
both series and parallel connections of the

coils, each Type 107 Variable Inductor covers
a total inductance range of over 25:1.

» Rotor and stator inductances have been
carefully equalized, and the coils are so
mounted that the inductance for the parallel
connection iz exactly one-fourth the wvalue
shown by the dial for the series connection.
This equalization of the two coils also elimi-
nates losses from circulating currents when
the parallel connection is used.

» Separate terminals are brought out for
both rotor and stator so that they may be
quickly connected in either series or parallel
as a self-inductor, or used separately as a
mutual induetor. The formula for the mutual
induetance is given on the nameplate, to-
gether with the value of d-c¢ resistance and
maximum current.
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X
I
for full-seale setting with the series connection is given in
the table for each inductor together with the frequency at
which this value of @ is obtained. The

Self-Inductance Range: Iive sizes are listed covering Losses: The maximum value of the storage factor @
a totul range of approximately 2 microhenrys to 500
millihenrys l\‘\' the use of both the series and p;:l’::lil']
connections. Maximum and minimum values for both
connections are shown in the price list,

change of dissipa-

7 1
s o i tion factor D = — with frequency is shown in the plot
Mutual Inductance: Lither positive or negative values 4 b

of mutual inductance ean be obtained. The exact formula helow,

for the mutual induetance is engraved on each individuul Maximum Power and Current: The total amount of

instrument. The approximate ranges are given in the power which eanch induetor is capuble of dissipating is 15

table below. witts, This amount ecauses a temperature rise of 40°
Centigrade.

Calibration: The inductance for the series connection, The maximum allowable current for the series con-

measured at 1 ke and aceurate within #4=19; of full-seale nection, 15 given below in the table and is engraved on

l'l-:nliu:{. is t-n',!r:n'\-d on the dial. The iductance for the each :1,-;"“-;.[:”.\,

arallel connection is within #=0.19% of one-fourth of the : 0 g .
pisratlel cownection.is 9% : S Direct-Current Resistance: T'he approximate values of

d-¢ resistunnee for the different units are given in the
table and are also engraved on the nameplates of the
instruments,
Terminals: Standard 23-inch gpacing, jack-top binding
posts are provided which allow separate connections to
rotor and stator. Connecting links are supplied 2o that
. either u series or parallel connection of the rotor and
and £, the natural frequency. Accordingly, at one-tenth stator can be made available at a third pair of binding
the natural frequency, the frequeney error is but 19. pUSLS.
At higher frequencies skin effect errors, which are differ-
ent for the different units, may become appreciable.
The table below gives the natural frequencies for the
different standard units, for full setting with series

series induetanee,
The mutual inductance accuracy is =£2.59% of the
maximum mutual inductance value.

Frequency Error:’ Disregarding errors due to skin
effeet, the fractional change in inductance with fre-

2

quency will be /2 /¢ where f is the operating frequency

Mounting: All units are mounted on phenolie panels
and enclosed in walnut eabinets,

Dimensions: 613 x 61 x 8% inches, over-all.

connection, Net Weight: 5 pounds, all ranges,
Mutual D-C Mazximum Maximum Frequeney for Natural
Type I nductance Resistance Current Q* Maxrimum Q# Frequeney®

107-J 0-10.8 xh 0.05 © i6. a 140 [ 270 ke 3700 ke
107-K 0-110 wh 0.35 2 6. a 140 130 ke 1100 ke
107-L 0-1.1 mh 1.6 2 1.7 a 140 60 ke 360 ke
107-M 0-11 mh 32 0 0.65 100 25 ke 130 ke
107-N 0-110 mh 410 0.18 a 6O 15 ke 35 ke

*For full-seale setting, series conneetion,

Self-Inductance

Tupe Series Parallel Code Word Price

107-J 8- 50 ph 2-12.5 ph HAREM $50.00
107-K 80-500 ph 20-125 ph HARPY 50.00
107-L 0.8- 5 mh 0.2-1.25 mh HARRY 50.00
107-M 8- 50 mh 2-12.5 mh HOTEL 55.00
107-N 80-500 mh 20-125 mh HOVER [ 55.00

Dissipation factor (D = 1/Q) versus frequeney for (left) Tyee 106 Standard Induetances, and (right)
Tyre 107 Variable Inductors for the full-scale series connection,

100 ke IMc
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TYPE 106 STANDARD INDUCTANCE

USES: The Tyrer 106 Standard Inductance is
an accwrate standard of self-inductance for

use in bridge and other measurements at
audio frequencies,

DESCRIPTION: An astatic form of mounting
is used wherein two D-shaped coils are
mounted parallel to each other. The coils are
form wound, bound with tape, and impreg-
nated with wax before being mounted. A
minimum of metal is used in the mounting,
thus minimizing variations in inductance with
frequency.

FEATURES: » Low and nearly constant resist-
ance at audio frequencies is insured by the
use, wherever practicable, of stranded wire in
which the separate strands are insulated
from one another.

» The inductance has been made independent
of surroundings by using an astatic form of
mounting in which the fields of the two coil
sections neutralize each other in regions
external to the case. Thus, interaction be-
tween external fields and the field of the
inductor is reduced to a minimum,

SPECIFICATIONS

Nominal D-C Maximum

Maximum

Maximum Frequency for Natural

Lype Resistance Power Current Q Maximwm Q Frequency
106-L .15 2 aw 210 300 ke G000 ke
106-C3 1.80 @ 4 w 190 150 ke 2000 ke
106-J 12.2 0w 170 6l ke 500 ke
106-K 854 Q 0w =0 20 ke 150 ke
106-M S5 2 14w 40 7 ke 35 ke

Accuracy: All units are adjusted within £0.1% at
1 ke.

Resistance: The resistance at 1 ke is the same as the
d-e resistance. This resistance, together with the tempera-
ture, is entered on o certificate mounted on the bottom of
the cabinet when the inductor is measured in the Stand-
ardizing Laboratory. The nominal values are given in the
table above.

Temperature Coefficient: The temperature coefficient
of inductance is less than 4= 0.004%; per degree Centigrade.

Maximum Power and Current: See tuble.

R
and the frequency for which it oceurs for cach size are
given in the table. The change of dissipation faetor

Losses: The maximum value of the storage fuetor Q =

1
D = ?.J with frequency is shown in the plot on page 59,

Frequency Error: Disregarding skin effect the frac-
. U o < iz
tional chunge in induetance with frequency is ‘f:‘.' e where
[ is operating frequeney and 7, the natural frequency.
At one-tenth the natural frequency, therefore, the error
is 195,

Terminals: Binding posts are provided.

Mounting: All units are assembled in walnut eabinets
with phenolic panels.

Dimensions: Puanel, 57§ x 57¢ inches. Cabinet, (height)
3% inches, over-all, except Tyee 106-M which is 534
inches, over-all.

Net Weight: Approximately 234 pounds, except Tyer
106-M which 15 5 pounds,

Tupe Inductance Cade Word Priece
106-L 0.1 mh INNER ' $33.00
106-G 1 mh INERT 33.00
106-J 10 mh IRATE 33.00
106-K 100 mh ISLET 33.00
106-M 1 henry ISSUR | 45.00
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IMPEDANCE BRIDGES

For the measurement of all types of im-
pedances, resistive or reactive, inductive or
capacitive, the Wheatstone bridge circuit in
its many modifications has proved best fitted
on grounds of both accuracy and convenience.

I he balance of the bridge is attained by a
null method, that is, by reducing to zero the
voltage between two opposite corners of the
bridge. T he precision of balance is not limited
by the seale length of a deflecting instrument,
but only by the voltage which can be applied
to the bridge and by the sensitivity of the null
detector. [t is, therefore, possible to utilize
completely the accuracy of the standards.

Because of the variety of possible bridge
circuits, a bridge can usually be devised with
controls that are made direct reading in any
particular impedance or ecireuit character-
istic. The direct-reading feature adds greatly
to convenience in measurement, since it obvi-
ates laborious ealeulations which are always
a bar to rapid work.

T he fundamental bridee network is shown
in Figure 1. The condition of balance is that
the voltage across the detector be zero. This
will oceur when

A N . .
I - P or AP = BN l\l)
The four arms of the bridge are not neces-
sarily simple impedances, but are frequently
series and parallel combinations of resistance,
inductance, and eapacitance. Hence the
bridge arms represented by the symbols used
in hquation (1) are, in general, complex im-
pedances, and there are two balance condi-
tions, one lor the resistive component and
the other for the reactive component. 'l he
principal balance component of bridges de-
signed specifically to measure induectance or
capacitance should preferably be independent
of frequency.
Usually, at least one of these balance con-

ditions wvaries with frequency, but no fre-
quency limitation on the use of the bridge is
inherent in the variation. Alternating-current
bridges can be used at frequencies extending
to tens of megacycles. The upper frequency
limit for any particular design is set by the
increasing effect of residual impedances in
the various impedance standards and in the
wiring.

BRIDGE CIRCUITS: Impedance bridges can be
divided into two classes, the one in which like
reactances are compared, and the other in
which unlike reactances are compared. Both
classes are illustrated in Figure 1. In bridges
of the first class, referred to as inductance
or capacitance bridges, arms A and B3 are re-
sistance arms, while arms N and P are either
both inductive or both capacitive, one arm
containing the known standard, the other the
unknown reactance. Of the bridges deseribed
in this section, Typrs 667, 716, 740, and 1611
arc of this kind, the first being an inductance
bridge, and the last three capacitance bridges.
The Type 650 also falls in this class for the
measurement of capacitance.

Bridges in the second class earry the names
of their discoverers, Maxwell, Hay, Owen, and
others. The inductance and capacitance arms
are opposite one another. These cireuits derive
their greatest importance from the fact that
they permit the measurement of inductance
in terms of capacitance standards, which are
generally superior to, and more convenient
than, inductanee standards. The Tyrr 650
Impedance Bridge utilizes both the Maxwell
and Hay circuits for the measurement of
inductance,

The Tyre 544-B Megohm Bridge is a d-¢
Wheatstone bridge for high resistance meas-
urements in which the detector is a vacuum-
tube voltmeter, which has an extremely high
input resistance.

Ficure 1. Left, the general Wheatstone bridge eirenit; center, eireuit for a eapacitanee bridge in which like reactances,
N and P, are compared; and, right, a eireuit in which unlike reactances, A and P, are compared.
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T-Networks: In addition to the bridge cir-
cuits deseribed above there are a number of
other networks which can be adjusted to give
zero transmission for a particular configura-
tion of eirenit elements. One of these, the
Twin-T or Parallel-T illustrated in Figure 2,
has proved to be of great value for impedance
measurements at high radio frequencies. This
circuit is used in the Type 821 for impedance
measurements from 0.5 to 10 megacyeles.

Resistive Balance: \ll impedances have re-
sistive components, and the bridges used for
impedance measurement must be capable of
measuring this resistance in some manner,
Three methods are in general use: (1) series
resistance, in which the balancing resistor is
placed in series with the standard reactance;
(2) parallel resistance, in which the balaneing
resistor is placed in parallel with the standard
reactance; and (3) the Schering bridge in
which a balaneing eapacitor is placed in
I):ll‘:l“tti with the ratio arm t}ilpn:%ill‘ the un-
known t':t}_):u'ilul'. | he series resistance method
is used in the Tyres 650, 740, 1611, and 667,
while the T yre 7106 uses the Schering cireuit
for balanecing the resistive component of
impedanee in terms of the dissipation factor.
The Tyre 916 uses a new ecircuit in o series-
substitution method with a fixed capacitor in
the NV-arm for reactance measurement. This
arrangement makes possible the calibration
of the capacitor across the Jd-arm in terms
of the series resistance of the unknown, inde-
pendent of frequency. The Tyewes 716 and
650 are so constructed that the parallel resist-
ance method ean also be used.

In the Twin-T type of null-balance eireuit
that is used in the Tyre 821, the conductive
component of the unknown is measured in
terms of a fixed resistance and a variable
capucitance, thus avoiding the errors inherent
in variable resistors at high frequencies.

BRIDGES

UNKNOWN

Fraver 2. Parallel-T eirenit for measuring

i

Linee ut radio frequencies,

Dissipation Factor and Storage Factor: [m-
portant characteristies ol an inductor or a
capacitor are the ratio ol resistance to react-
ance and the ratio of conduetance to sus-
ceptance. These ratios are termed dissipation
factor, D, and storage [actor, . They are
reciprocal ratios defined as follows.

D I R« ( I X 5

"3=xXx"2 9“D=EF"F@
where /2 and X are the series resistance and
reactance and & and B are the parallel con-
ductance and susceptance of the il'll]ll'r.!:llli‘t‘
or admittance involved. Dissipation f{actor is
directly proportional to the power dissipated
and storage factor to the power stored. The
relation of these factors to phase angle and
loss angle is shown in Figure 4.

|
D= = ¢ot f

(¢
Power factor is defined as
PE. = cos 8 -
and differs from dissipation lactor by less
than 19, when their values are less than 0,15,

tan o6

sin 6

Froune 3. Left, series resistance bridge: center, parallel resistance bridge; and, right, Schering bridge.
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D= cnlal-;--%

Power Foctors

cosf= .5

|
y!
|
} z

xz P

)

Q= tanO= 1:—*%

Ficvnre 4

relations betwee

Vector dingram  showing the
actors [ and Q, ane
angles 0 and é.

Dissipation factor is commonly used for
capacitors and, to a lesser extent, for induc-
tors because it varies direetly with the loss.
Storage factor is often used for induetors
beeanse it measures the voltage step-up in
a tuned circuit.

Where the Schering or series resistance
method of resistive balance is used. the bridge
can be calibrated in dissipation factor or in
storage factor, for a given frequeney. The
Tyres 710 and 1611 have dials calibrated in
tliv-ii!!:ﬂinn factor at 60 t“\'!‘]{':-. and the Typn
716 is direet reading at 100 excles, 1, 10 and
100 kiloeyeles. The Tyre 650 reads directly
the dissipation factor of eapacitors and the
storage [actor of inductors, at 1000 eveles.

The Tyrer 916 reads direetly the series
resistance of the unknown, independent of
frequency, while the T'yre 821 is calibrated
in parallel conductance for 1, 3, 10, and 30
megacyeles,

ERRORS: A bridge circuit provides o means of
compuring two impedanees, an unknown and
a standard. It does not provide an absolute
measturement. The possible error in the meas-
urement is always greater than the error in
the standard itsell by the errors in the other
bridge arms entering into the comparison. If,
for instance, the error in the standard and in
each of the two ratio arms is 0,19, there
can then occur in the most unfavorable case
an error of £0.39; in the measurement. This
accuracy limitation is common to all direct-
reading bridges in which a rvesult 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 substitu-
tion method in which the unknown impedance
1= connected in the standard arm. Two read-
ings of the standard are required, one with
the unknown disconneeted and another with
it connected. With an error in the standard
of +0.19, the maximum error of measure-
ment is +£0.29. If auxiliary balances are
provided so that the standard ean always be

set initially at the same point, the error ean
he reduced almost to +=0.19.

Residval Impedances: The bridge equa-
tions derived from Fquation (1) presuppose
an accurate knowledge of the hehavior of the
impedanees in each arm. No impedance ele-
ment, however earefully construeted. is free
from residual impedances, have
series induetance and shunt eapacitance. In-
duetors have I'!‘I:l!i\'t']_\' large series resistance
and shunt capacitance. Even air eapacitors,
while more nearly perfect than other imped-
ance standards, have resistive and induetive
residual impedances. All of these extra im-
pedances must be included in the values used
for caleulation in order to avoid error. The
over-all residuals are greatly increased by
the various connections forming the bridge
cireuit.,

Shunt capacitance across the various arms
Is an important source of error even at audio
frequencies. When capacitance oceurs across
a resistive arm, its effect on the resistive com-
ponent of balance varies direetly as the mag-
nitude of the eapacitance and directly as the
operating frequency. Frrors arising from this
source account for the large differences be-
tween the listed errors in dissipation factor
given for Tyer 650 and Tyres 710 and 1611
Bridges. Type 630 not only operates at a

Resistors

Frounre 5. The substitution method (shown
for a eapnel Ce INEASUren with a
Schering bri reduces the error to es-
sentinlly the ; ac) h which the eapae-
itance difference hetween two settings of the

standard eapacitor is known,
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higher frequency but has unavoidable switch-
ing eapacitances beeause it is designed for
such o great variety of measurements,

Shunt eapacitance across a reactive arm is
alzo =crious. In the Tyer 667-A Inductance
Bridge the eapacitance across the unknown
terminals inereases the error in the measured
inductanee from L0.29 to =049, on the
highest multiplier. In the Tyre 716-C Capaci-
tance Bridge complete shielding of the ratio
arms reduces the eapacitance across the un-
known to less than 1 ppl (see Figure 9). The
capacitance across the unknown terminals of
the Types 650-A and 710-B are about 10 uuf
and 3 pul respectively. In the Tyre 1611-A
the effect of the zero capacitance and its dissi-
pation factor is eliminated by introducing
across the detector terminals a voltage whose
magnitude and phase is equal to the bridge
unbalance voltage eaused by this zero capaci-
tance. Thus the bridge is made direct reading
in capacitance and dissipation factor down
to zero., v

In the Tyre 916-A Radio-IFrequeney Bridge
the equivalent shunt capacitance across the
resistance arm has been reduced to less than
0.4 wpl. This residual eapacitance does not
allfeet the resistive balance, and affeets the
reactance balanee only slightly at 60 Me; all
other stray capacitances are either incorpo-
rated into the bridge arms or. by means of
shiclding, placed aeross the generator or de-
tector terminals where they become harmless.

At high radio frequencies the limiting resid-
ual impedance has been found to be the
residual induetance of variable air capacitors.
Fhus, in the Tyee 916-A Radio-I'requency
Bridge. the residual inductance of the resist-
immee  balancing limiting
metor on the upper frequency range of the
bridge, in so far as the bridge elements them-
selves are concerned. In the T'yre 821, on
the other hand, the residual inductance of the
susceptanee balaneing capacitor is the factor
which determines the upper frequeney limit
at which accurate measurements can be made.

l'_'l}}"tl'iTrI[' s the

wiuetanee

\nos. while the dielest
wisting of hoth ohmie

tion of r':|:\:ll'ir:'1|i'|~_ induetanee, and resistance standards, \‘.;r-‘,\'fl:'_f the most important
i f the stacks : s eapacitor (lefr repe=

v losses are repre int conductance, For an

the distributed eag

winee in series, and a capacitanee in shunt.

Residual series inductance in bridge arms
is ordinarily negligible at audio frequencies,
except in measurements of very small in-
ductors. The Tyre 667-A Inductance Bridge
uses Tyes 668 Compensated Deende Resistors
in order to avoid ehanege in residual induetanee
as the resistance is varied. At radio fre-
quencies the effect of inductance is much
more serious, and variable resistors are not
5llil:l1!]!‘ I'ut‘ 1= :1|u:\':- H | I.i'\\' Iltt‘&:u‘_\'t‘il'-'.

SHIELDING AND GROUNDING: T'he readings
”1. any }rl'ill‘_{c* .-]'lrrlilli be -'t'!!.-”r]}' i[ltir‘[]n'lllivnl of
its surroundings and the position of the oper-
ator. To .-:|1i.-1"\ these r'-'-tlr'li!i-::t.-_ fn:‘!"::-‘- ure
completely surrounded by a grounded shield,
and care is taken to use either grounded or
insulated shafts on all controls. It is also
common practice to ground the junetion of
the unknown and standard arms to this
shield. Residual eapacitances of the bridge

Frovne 7. In the Tyee 916-A Radio-Fre-

queney Bridge a series-substitution method

of measurement 1= used. In this type of
measurement stray capacilance to ground in
the unknown arm ean be particularly trouble-
gome. Triple s
contral the st

in this arm to

, as illustrated
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N PUNKNOWN

Fraune 8. Showing the shielding of the unknown
armein the Tyer 916-A Radio-Frequeney Bridge. In
this assembly the innermost shield loealizes the
varinble stray capacitance of the rotor of 7, and
prevents it from falling aeross 7, where it would
canse interlocking of the settings of the two eapae-
itors. The middle shield throws the stray eapaci-
tances of the two ecapacitors to the right-hand
corner of the bridge, while the outermost shield
the eapacitunee of the right-hand corner

s harmiless,

ws the generator, wher

This puts 1h|' g i thie onter .‘-hirlrl 10

ground across the N o ridge. Actually, the

ement of tl

trimmer ¢ eitor connected @ s 1t to correct for

smnall variations between instruments.

arms to the shield are placed across the two
arms thus grounded. Although a relatively
large error may be introduced by these capac-
itances, it ean often be eliminated by an
initial zero I'l':l:lil:;:' or IJ_\' IH:LI{inj_{' the residual
capacitance part of the capacitance standard.
A bridge with one unknown terminal grounded
in this manner will measure the “total im-
pedance’ of the unknown, which includes its
terminal impedance to ground. The Tyres
716, 1611, 916y and 667 are of this type,
placing one terminal of the unknown at
ground potential, If, on the other hand,

O
PARALLEL
CONDENSER

O

neither of the unknown terminals is grounded,
the bridge will measure the direet impedance
across these terminals, provided that the
terminal impedances to ground are large com-
pared to the bridge arms. Typres 650 and
740-3  have neither unknown terminal
grounded and hence measure direct im-
pedance. Under certain conditions, however,
the T'yrr 650 can be adapted for measuring
grounded impedances, and the Tyee 1611
for measuring direet impedance. The Typr
544-13 Megohm Bridge can be connected either
way and can, therefore, measure either total
or direct resistance,

SHIELDED TRANSFORMER: ''he bridge bal-
ance should be independent of the type of
generntor and detector used. This condition is
met by the use of a I'vri 578 Shielded Trans-
former. One transformer winding is connected
between two opposite corners of the bridge,
neither of which is grounded. It is immaterial
which side of the transformer is connected to
generator or detector, except as the sensitivity
of the bridge is affected by the transformer
ratio. IFor bridge balances, the small, constant,
and known terminal eapacitances of the trans-
former are then substituted for the large, vari-
able, and unknown capacitances of the gener-
ator or detector.

DETECTORS: To obtain the maximum pre-
cision of balance with any bridge or null-
balanee ecireuit it is necessary to obtain a
virtually complete null balance. With modern
vacuum-tube ecircuits, however, sufficient
sensitivity can be obtained to utilize all the
potential precision of any null-balance net-
work.

Frouvne 9. Hlustrating the shielding arrangement
of the Tyre 716-C Capacitance DBridge. The ratio
arms with their compensating eapacitor, the dis-
:-ii\u!ir-l; factor capacitor, and the input transformer

are all mounted on insulnted subpanels and com-
pletely shielded. The shield is connected to the

g i'[\ CAPAC~

j1::“'!iu|: of the ratio arms, :}]l'l'l'])_\ ;;[_‘
=5 the I!va'tiu' Tt"1'll!i.'t:i].—-.
h transformer winding is

itance 1o ;'_l'n-l'.n-i nier

The shield around e
connected to the winding, elir
eapacitances, A 1 d shield,
shields, is connected to the junction of the ratio

nating the terminal

between the winding

arms. The eapacitanece between the third shield and

the secondary winding shield iz thus placed s

the right-hand ratio arm, and its » ¢limi-

e, Sim the capaci-

v shield and the interwind-

nated in the initial bal

tance between the prim:
ing shield goes aeross the detector terminals and

does not affect the balunce,

No eapaeitances are placed aecross the standard
and unknown arms other than that of the leads and
of the panel binding posts. The small amount
pluced aeross the standard eapuaeitor is taken into
account in the ealibration, while that aeross the un-
known terminals is less than one micromicrofarad.
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In some bridge circuits the balance is de-
pendent upon frequency, and the value of the
unknown impedance usually varies with fre-
quency. Consequently, the presence of har-
monics in the input to the bridge or their
production in a non-linear impedance within
the bridge may obscure the fundamental
balance. A null balance may also be masked
by the residual noise level of the oscillator
and amplifier used. For these reasons it is
usually advisable to employ a selective de-
tector, tuned to the frequency at which it is
desired to balance the bridge.

Audio and Sub-Audio Frequencies: At
audio frequencies, the conventional detector
is a vacuum-tube amplifier such as the Type
1231-B Amplifier and Null Detector and a
pair of head telephones. Where a visual
indication of balance is desired, as is neces-
sary at frequencies below about 300 cycles,
a rectifier-type voltmeter or a vacuum-tube
voltmeter can be substituted for the head
telephones.

The Type 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 (20 db
to the second harmonic) by the addition of
the Type 1231-P Tuned Cireuits.

The Typr 736-A Wave Analyzer and the
Type 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 exception-
ally good selectivity at low audio frequencies.
For measurements over a wide range of
frequencies, these instruments have the ad-
vantage of being continuously variable in
frequency.

For some measurements it may be desirable
to have separate indications of balance for the
resistive and reactive balances, and for this
purpose the Type 707-A Cathode-Ray Null
Detector is recommended.

Radio Frequencies: At radio frequencies,
any well-designed commercial radio receiver
can be used. Head telephones, a loudspeaker,
or a meter can be used as the actual balance
indicator. Since tuned radio-frequency de-
vices are inherently selective, the problem of
radio-frequency harmonics is not significant.
The receiver should preferably have an r-f
sensitivity control and provision for dis-
connecting the a-v-¢ cireuit, in order to
facilitate the approach to balance.

SENSITIVITY: The precision to which a bridge
can be balanced depends primarily upon the
voltage applied to the bridge and the sensitiv-

BRIDGES

ity 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

A
%=_Bl"d (2)
‘ (1-!-‘3

where A and B are the arms across which the
generator is connected, and d is the fractional
precision desired in balancing the reactive
component, or the minimum value of dissipa-
tion 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

A

&

, B
Z =— ®
‘*’"(r;)

Both expressions are developed on the
assumption that the impedance of the de-
tector is high compared to that of the bridge
arms. This condition is met by the use of a
vacuum-tube amplifier.

From the above equations and the known
input 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 Tyre 716
Capacitance Bridge. For equal ratio arms
100 volts can be applied to the bridge from a
0.5 watt generator. To make a capacitance
balance to 40.19, demands the detection of
25 mv. To make a dissipation factor balance
to =£0.00001 requires a sensitivity of 250 uv.
The first voltage is easily within the range of
head telephones without an amplifier, while
the second is not. A typical bridge amplifier
has a gain of 77 db or 7000 when working
with head telephones or a rectifier voltmeter
such as the Type 483-F Output Meter. With
the telephones the gain is more than suffi-
cient. With the rectifier meter (minimum
deflection = 0.02 volt), the gain is also suffi-
cient, since even for the dissipation factor
balance a gain of only 80 is needed. The TyrE
1231-B Amplifier and Null Detector has a
built-in vacuum-tube voltmeter which pro-
vides essentially the same sensitivity as with
Typr 483-F. Now suppose these same meas-
urements to be made on a | uf capacitor for
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which the ratio arms must be 1000 to 1.
Using the tull gain of the amplifier, the recti-
fier meter can only balance for dissipation
factor to 0.00003, so that telephones must
be used to obtain the required sensitivity.

POWER SOURCE: The main considerations in
the selection of a power source for a-¢ bridge
measurements are frequencey stability, power
output, and harmonie content.,

The Types 7T40-B and 1611-A are designed
for G0-cyele measurements and operate di-
rectly from the a-c power line. The Type
650-A has a self-contained 1000-cycle miero-
phone hummer, or the Typre 650-P1 Amplifier-
Oscillator, and no external oscillator is re-
quired unless it is desired to make measuve-
ments at frequencies other than 1000 eyeles.
All the other bridges deseribed in this section
require some type of external oscillator.

For single-lrequency measurements at 1000
eyveles, the Typrr 572-13 Microphone Hummer,
the Typr S813-A Audio Oscillator, and the
Tyrr 723 Vacuum-Tube Fork are satis-
factory provided the power requirements are
low. All these operate from batteries, although
the Tyrre 723 can also be obtained in a-c
operated models. A 100-cyele model of the
Typre 723 is also available,

When a highly precise balance is desired,
more power is required than can be furnished
by small battery-operated oscillators of the
tvpe mentioned above. For measurements at
1000 eveles or at a number of fixed frequen-
cies, the Typrr 1301-A Oscillator is recom-
mended. This oscillator is a-¢ operated and
delivers at least 14 watt with extremely good
waveform. When a continuously variable fre-
quency is needed the Tyrr 913-C Beat-
Frequency Oscillator or the Type 1302-A
Oscillator is recommended.

IFor measurements at radio frequencies with
the Tyrwr 016-A Radio-Irequency Bridge, or
the Tyee 821-A Twin-T Impedance-Measur-
ing Circeuit, a radio-frequency oscillator is
required. The ‘T'yee 1001-A and Tyre 805-C
Standard-Signal Generators are suitable.
MODULATION: I'or radio-frequency measure-
ments, it is preferable that the power source

Ficure 10. Showing how series inductance in the
gencrator and detector leads ean eause errors in

measurement at radio frequencies.

be unmodulated. Distortion in the modulating
svstem, frequency modulation, and assvmet-
rical side-band cutting in the receiver 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 free-
dom from clectrostatic pickup and body
effeets, it is desirable to use shielded leads
between generator and bridge and between
bridge and detector. At audio and low radio
frequencies the reactance of the leads and
terminals is unimportant, and it is merely
necessary Lo prevent the introduction of ex-
trancous voltages into the detector or the
unknown impedance. At frequencies above
a few megacyeles, not only does the problem
of shiclding assume greater importance, but
also the reactance of the interconnecting
leads becomes a potential source of error.
This is illustrated by the block diagram of
Figure 10.

A small amount of series inductance in the
ground side of the generator eable is desig-
nated as Leg. similar inductances in the re-
ceiver cable and the common ground lead as
L and Ly, The voltage drop in Lg produces
a flow of current around the loop consisting
of the eable sheath, the ground lead, L, and
the ground capacitance of the oscillator.
Similarly, current flows in the right-hand
loop that includes L.

The voltage applied to the receiver has,
therefore, two components, one from the
Twin-T, the other from the drop across Lg.
When a null point is reached, therefore, the
Twin-T is out of balanee by an amount
necessary to cancel the effect of the extra-
neous voltage from Ly, that is, to make the
vector sum of the Twin-T" output voltage
and the extrancous voltage equal to zero.

The error in measurement caused by this
series inductanece is one of the most serious
encountered in null measurements at radio
frequencies, and, in order to avoid it, coaxial
terminals should be used on both generator
and receiver,

The Typres 916-\ and 821-A are equipped
with coaxial terminals, and coaxial leads are
supplied with these instruments to plug into
the oscillator and detector.

CLASSIFICATION: The table on the opposite
page briefly summarizes the operating ranges,
accuracy, and other pertinent data regarding
the bridges listed in this seetion. From this
table the most suitable instrument for any
given measurement can be determined at a
glance, while detailed specifications for each
bridge are given on the following pages.
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Type No. Measures Range of Measurement Accuracy™® Frequency Cireunit Method Power Source Detector
650-A ¥ 001 2 to 1 MQ +=1% de Wheatstone Direct X Int. Batteries Int. Galvanometer
= L 1 gh to 100 h +29% 1 ke Maxwell and Hay Direct Internal Oseillator Head Telephones
[ 1 pufl to 100 uf +1% 1 ke Series R Direct Internal Oseillator  Head Telephones
D .002to1 +20% 1 ke Direet
Q .02 to 1000 +209%, 1 ke Direct
T16-C c 100 ppf to 1 uf at 1 ke§ +0.29, 100 e, 1 ke, 10 ke, 100 ke Schering Direet External Oscillator Amp. and Head Tel.
D 00002 to 56 +4-29%, 100 ¢, 1 ke, 10 ke, 100 ke Direct or Output Meter
g C 0.1 puf to 1000 guf +0.29; 100 ¢, 1 ke, 10 ke, 100 ke Schering Parallel Substitution External Oscillator Amp. and Head Tel,
i D Depends on 'y +267 100 ¢, 1 ke, 10 ke, 100 ke Parallel Substitution or Output Meter
-] 916-A X —5000 £ to 5000 2F +29, 400 ke to 60 Me Modified Schering Series Substitution  External Oscillator Radio Receiver
> R 0 to 1000 +=1% 400 ke to 60 Me Series Substitution
¥ 821-A 54 0 to 1000 pef +0.29, 460 ke to 40 Me Parallel-T Parallel Substitution External Oscillator Radio Receiver
: B —6000 to --6000 gmhol 460 ke to 40 Me Parallel Substitution
o e 0 to 100 gmhol 4207 460 ke to 40 Me Parallel Substitution
6 667-A L 0.lghtolh +0.29, 1 ke Series R Direct External Oscillator Amp. and Head Tel.
= 740-13 44 5 puf to 1100 pf +1¢, 60 eyeles Series R Direct. A-C! Lin: Seli-Clontained
[0 D 0 1o 509 4 1.5% of full seale 60 eveles Direet Electron-Ray Tube
= 1611-A ¢ 0 to 1100 uf +1% 60 eveles Series Direet A-C Line Self-( T-nnluilwd
: D 0to 309 129, 60 cycles Direct Bleetron-Ray Tube
d a44-13 R 100 k2 to 10,000 MQ +5% de Wheatstone Direct A-C Line Int. Galvanometer
=~ 561-D i L0011 to 10,000 1 ke Direct External Oseillator Am]T a;l_ﬁ;ui El_
ry 50 Q to 20 MQ Direct
Sm .02 to 20,000 gmho Direct
1614-A (s 10 gpf to 100 uf +2% 1 ke Series R Direct Int. Oscillator Head Tel.
D 0 to 459, +109% 1 ke Direet
1631-A L 10 ph to 100 h +2.5% 1 ke Maxwell Direet Int. Oscillator Head Tel.
Q 1 to 45 4109, 1 ke Direct

o
0

*Approximate. For detailed aceuraey statement, see specifications for each bridge.

fAt 1 Me: Range varies inversely as the frequeney.

$100 puf to 1000 puf at other frequencies.

$AL 1 Me; Range varies direetly as the frequency.
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TYPE 716-C CAPACITANCE BRIDGE

USES: This dircet-reading eapacitance bridge
can be used for a wide variety of capacitance
and dissipation-factor measurements. Within
its scope are the determination of dielectrie
constant, loss factor, dissipation factor, phase
angle, and other dicleetric properties of in-
sulating materials, as well as their change
with such factors as frequency, temperature,
and humidity.

In the General Radio laboratories the Tyre
716 Capacitance Bridge is used for all capaci-
tance standardization measurements. In pro-
duetion it is used for the testing and adjust-
ment of Tyre 505 Capacitors and Tyre 380
Deecade-Capacitor Units.

By adding an external decade resistance
box, the bridge ean be converted to a series-
or parallel-resistance bridge. The latter is
especially useful in measuring the resistance
of electrolytes.

DESCRIPTION: The Tyrr 716-C Capacitance
Bridge is a modified Schering bridge, direet
reading in ecapacitance and in dissipation
factor at 100 cyeles, and 1, 10, and 100 kilo-
eyeles.

A wide capacitance range at 1 kiloeyele is
obtained by four ratio arms giving multiply-
ing factors from 1 to 1000 in decade steps.
The standard capacitor is a T'yrr 722 Pre-
cision Condenser, ealibrated to read direetly
in total capacitance. The zero capacitance
across the unknown terminals is not greater
than 1 wuf, 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 conneeted 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 eapacitor connected across the
fixed ratio arm. The 12-inch scale of the air
capacitor is approximately logarithmice, 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 fre-
quency 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

BRIDGES

reading for either direct or substitution
measurements, because the setting of the
METHOD switech determines the ratio arm
across which the dissipation-factor eapacitor
is connected.

» A new shielded transformer having smaller
leakage impedances and lower dielectric losses
than those used in earlier instruments makes
operation possible up to 300 kilocyeles.

SPECIFICATIONS

Ranges: Direct reading—ecapacitance, 100 puf to 1 gf at
1 ke; 100 gpf to 1000 puf at 100 ¢, 10 ke, and 100 ke; dis-
sipation factor, 0.00002 to 0.56.

Substitution Method — capaeitanece, 0.1 pgf to 1000 pef
with internal standard; to 1 uf with external standards;

dissipation factor, 0.56 X where 7 is the capacitance

Cr
of the standard eapacitor and Cx that of the unknown,
Accuracy: Direct Reading—ecapacitance, ==2puf X

capacitance multiplier reading (£0.29 of full scale
for each range) when the dissipation factor of the un-
known is less than 0.01; dissipation factor, £0.0005 or
=420 of dial reading, whichever is the larger, for values
of D below 0.1,

Substitution Method—capacitance, =029 or 42 upf,
whichever is the larger: di:&:&i[-uliu:l factor, ==0.00005 or
#429% for change in dissipation factor observed, when
the change is less than 0.06,

A correetion chart for the preeision capacitor is sup-
plied, giving seale corrections to 0.1 puf at multiples of
100 upf, By using these data substitution measurements
can be made to =£0.19 or ==0.5 upf, whichever is the
larger. It is also possible to obtain, at an extra charge,
a worme-correction calibration with which substitution
measurements ecan be made to an aecuracy of £0.19; or
0.2 puf, whichever is the larger.

When the dissipation factor of the unknown exceeds

the limits given above, additional errors oceur in both
capaecitanece and dissipation-factor readings. Corrections
are supplied, by means of which the aceuracy given
above ean be maintained over all ranges of the bridge.
Ratio Arms: The arm which the dissipation
factor eapacitor is normally connected at 1 ke has a
resistanee of 20,000 ohms, The other arm has four values,
20,000 ohms, 2000 ohms, 200 ohms, 20 ohms, providing
the four multiplying factors 1, 10, 100, 1000. Suitable
capacitors are placed across these arms so that the prod-
uet RC 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: Ratio arms, dissipation-factor eapacitors,
and shiclded transformer are enclosed in an insulated
shield. The unknown terminals are shiclded so that the
20T 1‘:|p.'1l'it:u|f-l' across them is not greater than lu,ul".
A metal dust cover and the aluminum panel form a
o rl]l]ill'l\' external shield.

UCrass

Frequency Range: The accuracies given above hold for
operating frequencies from 30 ¢ to 300 ke, provided the
operating  frequeney  does not differ from the range
selector frequency by more than o factor of three, Dissi-
pation-factor readings must be correeted by multiplyving
the disl reading by the ratio of operating frequency to
the range selector frequency.

Type

716-CR
716-CM Cabinet Mounted . . ...... .. ..
Worm-Correction Calibration

cision Capacitor

_Foﬁeluyj!uck ﬁounth_g. -

. S WORMY

Voltage: Voltage applicd at the GENERATOR ter-
minals is fed to the bridge through a l-to-1 shielded
transformer. A maximum of 1 ean be applied,
allowing a maximum of 300 volts at 1 ke, but only 50
volts at 60 c.

witt

Mounting: The bridge is supplied for mounting on a
19-inch relay rack or for eabinet mounting.

Accessories Required: Oscillator and detector. The
Type 1302-A Oscillator (page 120) or, for audio fre-
quencies, the Typre 913-C Beat-Frequeney Oseillator
or Tyre 1301-A Low-Distortion Osecillator (pages 114
and 118) are satisfactory power sources, Type 1231-B
Amplifier and Null Detector (page 100) is recommended
for use as the detector. For aural null indications, West-
ern Iileetric 1002-C Telephones ean be used with the
amplifier, The Tyre 707-A Cathode-Ray Null Detector
(page 95) can also be used as a detector for frequencies
up to 2 ke,

For substitution measurements, a balancing capacitor
is needed. This may be cither an air-dicleetrie model,
Typrr 845, or o fixed mica eapacitor, Tyre 505.
Accessories Supplied: Two Type 2T4-NI Shielded
Connectors,

Dimensions: (Length) 19 x
9 inches, over-ull.
Net Weight: 4215 pounds,

pounds, eabinet model,

(height) 14 x  (depth)

relayv-rack model; 5419

O
PARALLEL
CONDENSER

Prive

$450.00
495.00

Coide Ward

BONUS
BOSOM

50.00
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TYPE 821-A TWIN-T IMPEDANCE MEASURING CIRCUIT

USES: This instrument is used for impedance
mensurements at radio frequencies between
0.46 Me and 10 Me. It is ealibrated in capaci-
tance and conductance and ean be used 1o
measure the eapacitance and dissipation fae-
tor ol capacitors, the inductance and Q of
coils, the resonant impedance of parallel tuned
cireuits, and the magnitudes and phase angles
of high resistances. Through the use of an
external  fixed 1':;}1:1:'“!1!’, low l‘(‘r-'i:ﬂ:lll('!‘,‘-i.
grounded antennas, coaxial transmission lines,
and impedance-matehing networks ecan be
measured. It is particularly useful for measur-
ing impedances having small phase differences
from zero or 90°, such as dielectrie samples,
low-loss ecapacitors, high-Q coils, and r-f
resistors,

DESCRIPTION: The instrument uses a Paral-
lel-"T" null eireuit, as shown in simplified form
in the schematie diagram. Measurements are
made by a parallel-substitution method. An
initial balance of the cirenit is obtained with
the unknown disconnected: the unknown im-
pedance is then connected and the cirenit re-
balanced for a null. The components of the
unknown impedance are determined from the
changes in setting of capacitors Cy and Cg.
The measurement is made in terms of the ad-
mii'l:ml'(' t'nlnpnnvllh of the 11n|<|m\\'n. Sils=-
\'['I”:I“l'(' :l]]|| l'(l“(h“"[:l“("'.-

72

The value of conductance is given by:
, e | 47 AR
G, = C'C"R (" = kw A,

and the dial of Cg is calibrated to be direet
reading at 1, 3, 10, and 30 Mec. For other fre-
quencies, the dial reading is multiplied by the
ratio of the squares of the working and direct-
reading frequencies. For the initial balance,
the conductance dial is set at zero,

The setting of the eapacitor 'y determines
the susceptive balance. The ealibrated eapae-
itor dial 15 direct reading in micromicro-
farads. Capacitance ean therefore be measured
directly. For other types of unknown, it is

NULL
DETECTOR

H-F
POWER SOURCE
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generally more convenient to use the sus-
ceplance,
B = wA('y-

Impedance components, reactance and re-
sistance, can, of course, be caleulated from
the admittance components,

The Twin-T" iz mounted in a shielded, air-
plane-luggage type case and is completely
portable, Tyrr 774 Coaxial Plugs and Jacks
are used for the generator and detector termi-
nals. The unknown connects directly to termi-
nals 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.

» Ilighly 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
impedances.

BRIDGES

CAPACITANCE =pul
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FREQUENCY — Mc

Capaeitance and conductance of a Tyes 119-A
R-F Choke as mensured on the Twin-T.

» The circuit elements themselves are de-
signed to have low residual impedances.
» Krrors inherent in variable resistors at high
frequencies are avoided by measuring sus-
ceptance in terms of an especially designed
variable air capacitor, and conductance n
terms of a variable air capacitor and a fixed
resistor of the 663 type.

SPECIFICATIONS

Frequency Range: 460 ke to 40 AMe,

Capacita nce Ra nge: The dial of the standard n:‘l]):ll'itnr
is calibrated from 100 1o 1100 uupf, and the range of
capacitance measurement by the parallel-substitution
method is therefore 0 to 1000 puf,

Susceptance Range: —6000 gmho to 46000 gmho at
1 Me, The range varies r_llil‘('rll‘\' as the frlf‘lllll'lli'_\'. and at
other frequencies the dial reading must be multiplied by
the frequency in megaeyeles,

Interior view of the Twin-T, with cover plate removed
for adjustments on the stundard eapacitor.

Type
821-A

PATENT NOTICE. See Note 3, page vi.

TWINET - e s il 5adints | LAGER

Conductance Range: Direct Reading:

00— 100 gmho at 1 Me  0—=1000 gmho at 10 Me
00— 300 gimho at 3 Me  0—3000 pmho at 30 Me
Between these direct-reading ranges the range of the con-

ductance dinl varies as the square of the frequency.
Accuracy: =(0.19; 4+ 2uui) for capacitunce. For con-
ductance, 4= (29 of actual dial reading +0.19; of full
scale). At the higher frequencies, corrections for residual
parameters must he .".p!-]il.“i. and the correction data are
included in the instruction book.

A correction chart for the precision capacitor is sup-
plied, giving scale corrections to 0.1 pef at multiples of
100 gef. BBy using these duta, eapacitnnee measarements
ean be made to 20,19, or £0.5upf, whichever is the larger.
Accessories Supplied: T'wo T'ypr 774 conxial cables for
connections to generator and detector,

Accessories Required: A suitable radio-frequency gen-
erator and a deteetor are reguired, The Tyree S05-C
HIH[J(].‘:]WI-?‘]'::IIM CGienerator is a S:Lli:-'f:lt"[m',\' generator, as
are the older T'yre 605-B and the T'ypre 684-A Modulated
Oscillutor. A well shielded radio receiver covering the
desired frequeney range is recommended for the detector.
The eoaxial eable supplied for eonnection to the receiver
is fitted with spade terminals at one end for connecting
to the reeciver il:pl[[ terminals. For best I':',\".I!IF_ how-
ever, it is recommended that the receiver be fitted with
a Tyree 774-G Panel Plug and the eable with a Tyee
T74=-M Cuble Juck. These eoaxial terminals are deseribed
on page 204,

Mounting: The instrument is mounted in a shielded,
airplane-luggage type of ease with carryving handle.
Dimensions: 1733 x 12 x 915 inches, over-all.

Net Weight: 29 pounds.

Codde: Ward Price

$460.00
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TYPE 916-A RADIO-FREQUENCY BRIDGE

USES: The Tyee 916-A Radio-Irequency
Bridge is designed for impedance measure-
ments at frequencies between 400 ke and
60 Me. It can be used to measure directly the
reactance and resistance of antennas, trans-
mission lines, and eireuit elements. Through
the use of an external parallel capacitor,
parallel tuned cireuits, high resistances, and
other high impedances can he measured.

Sehematie cireuit diagram of the Tyre 016-A
Radin-Frequeney Dridge.

This instrument is intended for measuring
low impedances and complements the T'ype
821-A Twin-"I', which is best suited for meas-
uring high impedances.

DESCRIPTION: \ new type of bridge circuit is
used, which is shown schematically in the dia-
gram below, Measurements are made by a
series=substitution method. The components
of the unknown impedance are determined
from the change in settings of capacitors ('
and Cp. The unknown reactance at 1 Me is
read directly in ohms from the dial of ('p, and
the unknown resistance in ohms from the
dial of C'4.

In making measurements the bridge is first
balanced by means of capacitors Cp and 'y
with a short-cireuit across the unknown termi-
nals, The short is then removed, the unknown
impedance connected, and the bridge re-
balanced. The resistance is then given by

(Cte —Cay)
!.l', = 1"1’.!; e e
(0

and the reactance by

g 1 | 1
Xy = = 5
""'(( P ("l)

where the subseripts 1 and 2 denote the dial
readings for the initial and final balances,
respectively.
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Typical measurements made with the Tyre 916-A Radio-Frequeney Bridge, Lefl, reactance and resistanee of an antenna

system. Iight, input reactance and resistance of a transmission line. The solid lines show caleulated values; the eireles,

measured values,

FEATURES: » Resistance is read in ohms,
independent ol frequency, direetly from the
scale of an air capacitor. This feature is made
possible by the use of a substitution method
of measurement in this bridge cireuit.

» Antenna measurements are particularly
easy to make because of the direct-reading
resistance feature and also because the dial
of ('p is calibrated in ohims reactance at 1
megacyvele.

» The resistive component is measured in

terms of a fived resistor (R ), a fixed eapacitor
(C'y), and a variable capacitor (("y). This
feature is an important factor in the high-
frequency performance of the bridge because
residual parameters ean be made much smaller
in a fixed resistor and a variable capacitor
than in a variable resistor.

» Convenience and protection in transporting
the bridge for field work is provided by using
a rugeed lugeage-tyvpe ecarrving case and
cover,

SPECIFICATIONS

Frequency Range: 400 ke to 60 Me,

Reactance Range: 5000 ¢ at L Me. This range varies in-
versely as the frequeney, and at other frequencies the dial
reading must be divided by the frequency in megacyeles.
Resistance Range: () to 1000 €2,
Accuracy: For reactanee, at fre

qicies up to 50 Me,

= (29 + 182 4 (L0008 X R X f), where R i4 the meas-
ured resistanee in ohms and fis the frequeney in Me.

For resistance, at frequencies up to 50 Me, £ (19

- (.1 £2), subjeer to eorrection for residual parameters.

At high frequencies the correetion depends upon the
frequeney and upon the magnitude of the unknown
1it. At low frequencies the correction
equeney and upon the magnitude

resistanee comjpon

th-;frln{.\ upon the

of the unknown reactance component. Plots of hoth these

corrections are given in the instruetion book that is
supplied with the bridge.

1‘!'m;|:|--_'|r'ir._._:

Satisfactory operation can be obtained

up to G0 Me with somewhat poorer aceur: hove
30 Me than ut lower frequencies.,
Accessories Supplied: Two input transformers, one

covering the range from 400 ke to 3 Me, the other from
Tupe

916-A

PATENT NOTICE. See Note 16, page vi.

i Radio-Frequency Bridge .. ..........]|

3 Me to 60 Me; two leads of different lengths (for conneet-
ing the unknown impedance); two Tyere 774 coaxial
ecables for connecting generator and detector.,

Accessories Required: A radio-fregueney gencrator and
a detector are required. The Ty re 805-C Standard-Signal
Generator is o satisfactory generator, as are the older
Trre G05-13 and the Tyre 654-A Modulated Oscillator.
A well-shielded radio receiver covering the desired fre-

quency range is recommended as the deteetor, The conxial

nection to the receiver is fitted with

cable supplied for co

spade terminals at one end for econnection to the receiver
input terminals. For best results, however, it 18 recoms-
mended that the reeciver be fitted with a Tyre 771-G
Panel Plug and the eable with a Tyee 774-M Cable Jack,

These e » described on page 204.

xial terminals
Mounting: Airplanc-lnggage type ecase with earryving
handles, Both ing
ecase, Coaxial
stored in the cover of the instrument when not in use.

ormers are mounted inside the
and instruction book are
Dimensions: 17 x 1314 x 11 25 inches over-all.

Net Weight: 3115 pounds.

Code Word Price

CIvIC | $450.00
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TYPE 650-A IMPEDANCE BRIDGE

USES: The Tyrr 650-A Tmpedance Bridge will
measure the inductance and storage factor, @,
of coils, the ecapacitance and dissipation
factor, D, of capacitors, and the a-¢c and d-c
resistance of all types of resistors.

In the laboratory it is extremely useful
for measuring the circuit constants in ex-
perimental equipment, testing preliminary
samples, and identifying unlabeled parts. In
the shop and on the test bench it has many
applications in routine testing and fault loca-
tion. Thousands of these bridges are in use all
over the world, in government and industrial
laboratories, educational institutions, eleetric
generating stations, and radio broadeasting
stations.

DESCRIPTION: T'yre 650-\ Impedance Bridge
is a4 conventional 4-arm impedance bridge. 1t
is entirely self-contained, including standards,
batteries, and tone source, and is direct read-
ing over wide ranges of d-¢ resistance, a-c¢
resistance al 1000 eveles, capacitance and

T R
dissipation factor D = — at 1000 cycles, and

inductance and storage factor Q@ = = at 1000
cveles. Rk

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 switehes.
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Resistance is measured in terms of a stand-
ard resistance arm; inductance and capaci-
tance are measured in terms ol mica capaci-
tance standards, similar in construetion to the
Tyrw 505 Capacitors,

A built-in galvanometer iz used as the
detector for d-¢ work, and head telephones,
usually preceded by an amplifier, are used
for 1000-cvele measurements.,

FEATURES: » Complete availability, because

of the self-contained standards and power
supply, 1= an outstanding feature of this

BRIDGES

bridge. The only accessory needed is a pair of
head telephones.

» Wide ranges of all kinds ol impedances can
be measured simply and with rapidity.

» Convenience combined with sufficient aceu-
racy for all but very precise work make the
Tyre 650-A invaluable in every electrical
laboratory.

» Direct-reading dials eliminate additional
time and trouble with caleulations. The panel
photograph shows the simplicity of the
controls.

SPECIFICATIONS

Range: The ranges of the instrument are given in the
following table. The numerieal values are the readings of
the ealibrated dials multiplied by the settings of the
decnde selector switehes,

Mintmwm Muximum

| 1 milliochm 1 megohm

Capacilunce | 1 micromiero-| 100 micro-
| farad farads
Inddvetine 1 microbenry | 100 henrys

R
Dissipation Fuctor ( = 002 1
X
. s X
Storage Factor — or () 02 1000
R

Accu racy: The large direct-reading dial covers two dee
ades, the mauin decade being spread out over 12 inches
(three-quarters of the dial), [t may be set to 0.2%.
Accuraey of readings for capacitance and d-c resistance
is 1% for the intermediate multiplier decades: for in-
ductanee, 29, The aceuracy fulls off in the lower ranges
beeause of the extremely small values to be measured, The

errorin :|J::|'Il:i!|l-i>

Rosistanee

reases tn 2°

o for very large values o
and  d-e resistance, and to 109 for large vialues of
inductance,
Accuraey of readin
factor in terms of its reciproeal is either 209¢ or 0.005,

for dissipation factor or for storage
whichever is the larger., For dissipation factors larger
than 0.05 and for corresponding storage factors, the
aceuracy is 100,

I'or capacitances of less than S00 ppf

when measured on the lowest eapacitanee multiplier the

error in dissipation factor inereases as eapacitance de-
creages, reaching about 1009 for 100 pul.

’f'lq e

650-A

*Without telephones, but ineluding bhatveries

Impedance Bridge . .......

The frequency of the microphone hummer is 1000
eveles within £59%,.
Power Supply: I'our No. 6 dry cells for the d-¢ measure-
ments and for driving the microphone hummer are sup-
plied and space for them is provided at the top of the
cabinet.

The Ty
NeXT P
partment and provide inereased a-c and d-c output for
the bridge. In addition it has an amplifier for use in the
detector cireuit and a number of other operating features.
External Generator: Provision has been made for using
an external generator, although its capueitance to ground
may introduce some error. Subject to this limitation, the

G50-11 Oseillator-Amplifier deseribed on the
15 also designed to fit into the battery com-

frequeney may be varied over a wide range from a few
eveles to 10 ke, The effeet of g

can be reduced by using 2 Tyee 5378 Transformer between
generator and bridge. (See page 80.) The reading of the
main dial is independent of frequency, while the reading
of the stor: factor dizl must be multiplied by, and that
of the tli.\\'ip:uirm factor disl divided 1n_\', the penerator
frequeney in kiloeyeles to give the correet values, Provi-
sion is made for adding external resistance if it is neces-
sary to increase the ranges of these dials,

Accessories Required : Heud telephones; Western Elee-
tric No. 1002-C are recommended. To inerease the sensi-
tivity, an amplifier is recommended. (See Tyee 650-P1

1erator ground eapacitance

Oscillator-Amplifier, next page.)
Mounting:
mounted in a shielded walnut eabinet.

Dimensions: (Width) 12 x (depth) 20 x (height) 83
inches, over-all.

Net Weight: 314

Black erackle-finish  aluminum  panel

pounds including batteries,

Code Waord Price

$240.00*

BEAST ]

Schematic diagrams of the eirenits used in Tyre 650-A Impedance Bridee,
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TYPE 650-P1 OSCILLATOR-AMPLIFIER

USES: The Tyre 650-P1 Oscillator-Amplifier
is a useful combination unit designed to fit
into the Typr 650-A cabinet in the compart-
ment formerly housing the batteries. The
Tyre 650-1 operates from the a-¢ power
line and provides a vacuum-tube oseillator
operating at one kiloeyele, a source of de for
resistance measurements, and an amplifier
to be used with headphonesor an a-¢ galvanom-
eter asg the bridge detector,

The Typr 650-P1 is not limited to operation
with the Tyre 650-A Bridge and ean be used
as a compact oscillator-amplifier combination
with other bridge systems.

DESCRIPTION: The vacuum-tube oscillator,
amplifier, and rectifier for providing the de
are all mounted in a compact metal cabinet
with a top control panel which replaces the
wooden cover normally used on the battery

compartment of the Tyrr 650-A, The control
panel has a switch for selecting either the d-¢
or the one-kiloeyele output, and a switeh to
seleet a fat amplifier characteristic or a re-
sponse tuned to one kiloeyele. Both the oseil-
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 Typg
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 inereased.

» Oscillator frequencey 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 distinetly
purer than the output of the bridge hummer
which it replaces.

» Oscillator output is adjustable. This feature
is especially valuable when measuring iron-
cored induetors at low flux densities anpproach-
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 internal
hummer.

» T'yre 650-P1 can be used separately as
oscillator and amplifier or source of de for
other applications,

SPECIFICATIONS

Oscillator:
Frequeney — 1 ke =19,
Harmonies —less than 29 at full ontput,
Open-civenit Voltage — continnously adjustable up to
maximum of 12 to 15 volts,
Internal Impedance — 2000 ohms,
Hum Level — 15 mv.
Amplifier:
Voltage Gain — continuously adjustable up to about
45 db (with average hendphones).
Selectivity — approximately 15 «db  attenuation to
second harmonie when tuned to 1 ke,
Hum Level —inaudible.
D-C Output:
Open-cireuit Voltage — 190 volts, npproximately.
Internal Resistance — 23,000 ohms,
Maximum Current — 5 ma, no adjustment provided,
Can be short-circuited without dumage.

Hum Level —less than 100 my no load.
Power Supply: 105 to 125 (or 210 10 250) volts, 50 to 60
exveles.
Power Input: 10 watts.
Vacuum Tubes: (all supplied).

I —6HG 2 —G3L7-GT
Accessories Supplied: Connector for use between
oscillator-amplifier and bridge, and line cord.
Accessories Recommended : [eadphones or a-c output
meter (such as Ty ek 4583-F ) for use with amplifier on a-e
measurements.

Dimensions: Cabinet— 1014 x 214 x 63 inches.
Punel — 12 x 3% inches.

Net Weight: 9 pounds.

o _T.l‘?p(‘ Code Word ftrfs_
650-P1 | Oscillator-Amplifier ........ ceeeed] BOGUS | $150.00
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TYPE 6 67-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
| 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-¢
resistance can be determined by using a
battery and galvanometer in place of the
usual a-¢ generator and detector.

DESCRIPTION: The schematie diagram of the
Tyre 667-A Inductance Bridge shown on the
next page indieates that it differs little from
the usual inductance bridge. Certain design
features, however, have been introduced to
eliminate residual sources of error and to
make the bridge direct reading. The variable

resistors in both the standard and the un-
known arms are inductance compensated,
identical in construetion with Tyre 668 Com-
pensated Decade-Resistance Units,

The variable inductor, L, in series with the
unknown makes it possible to obtain a final
inductance balance independent of the re-
sistive balance of the bridge. The standard
induetor is wound on a ceramie 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: » High accuracy (within 0.1 gh)
for the measurement of small inductances is
one of the outstanding features of this bridge.
» [rrors 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 mierohenrys can
be measured easily and aceurately,

» An internal standard is provided for con-
venience, but terminals are available for ex-
ternal standards when necessary to extend
the range of the bridge.
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GENERATOR

T upe

SPECIFICATIONS

Range: Inductance, 0.1 microhenry to 1 henry. The
range ean be extended by using Tyee 106 Standard
Inductors ns external standards. When the internal
statdard is used, the bridge will balanee for storage
factors between 0.06 and infinity ot 1 ke,

Accuracy: Inductance, +=00.2% -+ 0.1 gh). The i -
itanee aeross the UNKNOWN terminals ig ahout 90 wd,
This f‘-'ll.::il'it:ﬂn'l' will inerense the value of large induetors
fractionally by the amount w?LC. At 1 ke and 1 h the
increase is 0.36%.

Frequency Range: All ealibration adjustments are made
at a frequency of 1 ke. The bridge ean be used at any
frequencey hetween 60 eyeles and 10 kiloeveles, hut errors

resulting from stray eapacitance increase with frequer

When large values of inductance are measured with
external standurds, the fn:-pil':ll'_\' should be lowered to
avold resonanee effects.

Standards: The standard inductor is o l-millihenry
toroid wound on a ceramie form. Resistanee balunce of
the bridge is made by means of an inductance compen-
sated resistor.

Mounting: The bridge is supplied mounted in a eabinet.
Accessories Required: Oscillator, amplifier, and head
telephones. Tyre 1301-A Oscillntor (see page 1150 and
Tyre 1231-B Amplifier and Null Detector (see page 100)
are recommended.

Accessories Supplied: Two Tyee 271-NC Shiclded
Connectors.

Dimensions: (Length) 1715 x (width) 16 x (height) 915
il:l']ll‘.‘-‘. tl\'l‘l'-.'ll.],

Net Weight: 33 pounds.

Code Ward Price

667-A

Inductance Bridge........ ..

AERIE | $400.00

TYPE 578 SHIELDED TRANSFORMER

USES: These transiformers have been designed
for use in ('ii]‘i»c'l-l’t":nfill_:_" HETH il]'ill_‘.‘_l'\‘ to isolate
the bridge from changes of electrostatic poten-
tial in the external cireuit and to reduce the
effect of the capacitance of this external
circuit to ground, Obviously, the transformer
can be used to isolate the bridge from either
generator or detector. They are also useful in
other applications to isolate measuring cir-
cuits from the generator and to produce a
balanced output from a grounded generator.
DESCRIPTION: The Tyrgr 578 Shiclded Trans-
former is provided with two shields, one
around each winding. A third shield effec-
tively grounds the core laminations. The
accompanying diagram shows the arrange-
ment of shields and the eapacitances between
clements.

FEATURES: » The intershield eapacitance is
only 30 ppt so the total added capacitance
placed across the bridege arms is only 80 puf
in place of the usually large and unknown
generator-to-ground capacitance which exists
when no transformer is used.

» Wide ranges of frequency and load imped-
ance are covered by each model,

» All models ean be used to step up or step

down from generator to bridge and two of
the transformers can be connected directly
to the 60-cycle line.
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SPECIFICATIONS

Turns Ratio: All models have a turns ratio of 4 to 1 and
may be used equally well in either direction, The actual
number of turns for each winding is given in the table
below,

Frequency and Impedance Range: Sce table below.
Capacitance: The direct caparitance between primary
1 (L3 puf; that between
dds is less than 30 guf.
Average values for the eapacitunees in the dingram are:

and secondary windings is less th
the prir ]

iry and sceonda

Cr O G Ca wivvviviinin cvii v cench 200 uul
€' A R P O e ey 0.3 ppl
L P prerraaas s esenae s eieh TO puf
RV S R R TR R S T 30 gl SHIELD

Winding Inductance: The approximate inductance of Cs
any winding is equal to the square of the number of turns

multiplied by 3.5 x 1079 henrys.

Winding Resista nce: The d-e resistance of any \\'imlitu_:

(in ohms) is approximately 30 times the inductance in

henrys.

Applied Voltage: The high-impedance winding of Types
375-A or -I3 may be connected direetly across a 115-volt
) to G0-cvele line if the impedance conneeted 1o the other
windinge equals or exceeds the lowest value given under
“primary impedance” in the table below, The Tyer 5758-B
may be used at 25 eycles under the =ame conditions.

For Types 5758-A or -3, the low-impedance winding
mauy be connected directly to a 115-volt, 50 to 60-cyele
line Irl‘nvi'im! that the resistance neross the high-im-
pedance winding exceods 10,000 ohms. The T'yrr 378-B
muay be used at 25 eyeles under the same conditions.
Insulation: The insulation from winding to winding and
from windings to ease will withstand 1000 volts, pes
Mounting and Dimensions: These transformers :
mounted in Madel I3 eases (see page 140 for dimensions).

Net Weight: 215 pounds.

(Above) This dingram shows a ',::‘ull.'uft't]
bridge supplied through o double-shielded
transformer. When the easze is grounded, the
f-i]):lf']l:&]lfc ]Il,![{'ii ACTORS “\U]l capac l[.l!l"L‘.
arm is 40 puf. This value is known and is con-
S[llt'l'!lil!_\' smualler than the llllklln\\:l rener-
ator-to-ground capacitance which usually
exizts when n transformer is not used.

(FLeft) This shows the winding used in Typre

578 Shielded Transformer. The capacitance

between shiclds is |;v;1r at & low value h_\'
spacing the windings as shown.

Iepedanee R -mm

Tupe Turns Frequency Range* Primary See r-nn‘ura; Code Word Price

578-A | 600 to 2400 |50 eyeles to 10 kel 50 @ to 5k 1 l( Qto 100 kQ| TABLE $20.00
578-B | 1000 to 4000 |20 cycles to 5 ke[ 60 Qto 6 kQ[ 1.2 k2 to 120 k| rTENOR 20.00
578-C 60 to 240 | 2 ke to 500 ke [20 2to 2 kQ| [) +kQ2to 40 k@ reeip 20.00

*I'hese ranges are for transmission within 6 db. At extremes of both mipedance and frequency ranges, the transmission may be down
by 12 db.
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TYPE 740-B CAPACITANCE TEST BRIDGE

USES: The Type 740-B Capacitance Test
Bridge is a 60-cycle 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
particularly useful in testing electrolytic capac-
itors beeause the test conditions approximate
the normal operating conditions 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 Tyre 650-A Impedance Bridge, but
adapted for G0-cvele use. One ratio arm is
variable in decade steps, and the other is con-
tinuously variable and calibrated directly in
capacitance.

Dissipation factor is measured by means of
a dual-range variable resistor in series with
the standard capacitor. The dial is direct
reading in dissipation factor (Rw('). Because
the switching capacitances of the Tyrr 650-A
Impedance Bridge are eliminated in this in-
strument, a considerably higher aceuracy of
dissipation-factor measurement is obtained.

Provision is made for introducing a d-c

polarizing voltage in series with the capacitor
under test.

A visual null indieator is used, consisting of
tuned amplifier and an electron-ray tube (the
so-called magic eve). A sensitivity control is
provided. With this type of null indicator, it is
possible to use the bridge as a limit bridge in
production testing.

Power is obtained from the 60-cycle line
through a shielded isolating transformer.

The complete bridge assembly is mounted
in an airplane-luggage type of carrying case.
Operating instructions  are  conveniently
mounted in the cover of the instrument, and
a complete circuit diagram is attached to the
base of the cabinet.

FEATURES: » The direct capacitance of un-
grounded capacitors is measured by this
bridge.

» Power-line operation and the visual indi-
ator make the instrument desirable for pro-
duction testing, especially in noisy locations
where headphones would be useless.

» The ranges of measurement are wide and
the operation is simple.

» A minimum of capacitance between gener-
ator terminals and ground is insured by
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careful shielding in the power-supply trans-
former,

» An accuracy of 19 for capacitance, and
1.50; of full seale for dissipation factor, has
been obtained over most of the range of the
instrument,

» Normal operating conditions can be repro-
duced when testing electrolytic capacitors by
using a d-c¢ polarizing voltage. The a-c voltage
impressed by the bridge itself is small and
simulates the ripple usually encountered 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.

BRIDGES

I'roduction testing of electrolytic eapacitors with

the eapacitance test bridge,

SPECIFICATIONS

Capacitance Range: 5 puf to 1100 wkf in seven ranges.
Capacitance values are read directly from a logarithmic
dial and multiplier switeh.
Capacitance Accuracy: Within 2419 over the main
decade (1 to 11) of the CAPACITANCE dial for all
multiplier settings cxcept 0001, Within £1.5% or
+3 wuf, whichever is the larger, on the 0001 multiplier
on the main deeade of the CAPACITANCIE dial. Below
100 puf the error gradually increases to =£35 puf us zero is
approached.
Dissipation Factor Range: 0 to 509 in fwo ranges.
Dissipation factor values are read directly from an en-
graved seale and multiplier switeh.,
Dissipation Factor Accuracy: Within £=1.5% of {ull-
seale reading for all capaeitanee multipliers except 0001,
On the 0001 eapacitanee multiplier a correction of 0,395
should be subtracted from the dial reading., When this
correction is made the ealibration is within 42 divisions
on the x1 multiplier and within 41 division on the x10
multiplier (see photograph).
Temperature and Humidity Effects: I'or measure-
montg above 100 puf the seenracey of measureomoent is com-
pletely independent of tepperature and humidity eondi-
tions over the range 65° Fahrenheit to 953° Fahrenheit,

Tupe

0 to 95%, relative humidity. For very small eapacitances
the reading of the dissipation factor dial will be affected
by severe humidity conditions,

Voltage Applied to Unknown: The voltage impressed
aerpss the unknown terminals varies continuounsly with
the bridge setting, For very small capacitances in the
lowest range, this voliage 18 approximately 35 volts,
and it decr s with increusing capaeitanee, 2o that at
100 wf it is approximately one volt,

Polarizing Voltage: Terminals for connecting a d-e
polarizing voltage are provided on the panel.

Power Supply: 105 to 125 volts, 60 eyveles. The power
input is 15 watts,

Controls: Capacitunce dial and multiplier, dissipation
factor control and multiplier, sensitivity eontrol.
Accessories Supplied: A line connector cord.

Vacuum Tubes: One each 6X53GT /G, 6J7, 6I55; all are
supplied with the bridge.

Nlounting: Portuble 1_‘:1|'|‘}'i||;.§' case, of :|'i|‘]||:1rw-|il._';g;!:__fv
construction,

Dimensions: (Length) 1415 x (width) 15 x (height) 014
inches, over-all, il']l‘l'l'.{i[]'.{ cover and handles,

Net Weight: 19 pounds.

Code Word Prive

740-B

BRIDGE

®
UNKNOWN

STANDARD

| Capacitance TestBridge. ............

BABEL $192.50

AMPLIFIER VISUAL

INDICATOR
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TYPE 1611-A CAPACITANCE TEST BRIDGE

USES: The Tyer 1611-A Capacitance Test
Bridge is designed for 60-cycle capacitance
and dissipation factor measurements over
very wide ranges, Tt is suitable for laboratory
or shop testing of all kinds of paper, mica,
and electrolytic eapacitors, 1t also meets the
requirements of the electric power industry
for shop testing of insulators, particularly for
measurement of dissipation factor of bush-
ings, insulators, the insulation of trans-
formers, rotating machinery and cables. It
can be used in such measurements even
where there are adjacent bus potentials of
several thousand volts.

For the wire and cable manufacturer, this
bridge offers a convenient and rapid means
for locating breaks in cable, and for labor-
atory and production tests of dissipation
factor and capacitance on all kinds of cable.

The communications industry will find it
useful not only for routine capacitance and
dissipation factor tests on component capac-
itors but also for checking capacitance to
ground of transformer windings, shields, and
cireuit elements.

DESCRIPTION: The circuit used is the series-
resistance capacitance bridge. One ratio arm
is continuously variable and calibrated to
read directly in eapacitance. 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 apply-
ing an external d-¢ polarizing voltage to the
capacitor under test.

A visual null indicator is used, consisting
of a tuned amplifier and an clectron-ray
tube. The circuit 1s so designed that maximum
sensitivity is obtained at balance, with re-
duced sensitivity off balance. This arrange-
ment greatly facilitates the finding of the
balance point. The detector system can be
made linear and more suitable for limit
testing by changing one tube.

A portable luggage-lvpe carrving case
houses the complete instrument.

FEATURES: » Nine decades of capacitance
values are covered by the Tyrr 1611-A Ca-
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pacitance Test Bridge so that che value
of every capacitor under 11,000 uf falls within
its range,

» No accessories are required and the bridge
is ready for operation as soon as it s con-
neeted to the power line.

» The visual indicator allows the bridge to
be used in noisy loeations where head tele-
phones would be useless,

» The detector system is very sensitive when
the bridge is near balance, but relatively
insensitive when out of balance. This charac-
teristic greatly simplifies the process of locat-
ing the balance point.

» he low test voltage used by the bridge

BRIDGES

makes it possible to save considerably in
size and cost over high-voltage equipment.
Comparative dissipation-factor measurements
on bushings have shown that the magnitude
of the test voltage has practically no effect
on the results when the test voltage is only a
fraction of the operating voltage.

» Moderate electrostatie fields sueh as might
be encountered in laboratories with overhead
voltages of several thousand volts do not
destroy the usefulness of the instrument. In
cases where the overhead voltages are greater
than several thousand volts, the bridge cannot
be used satisfactorily unless sufficient ex-
ternal shielding of the bushings is provided.

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 307 (at 60 cyeles),
covered by one dinl having an approximately logarithmie
5('.'!'('.

Capacitance Accuracy: (17 -+ 1 upf) over the entire
range of the bridge,

Dissipation Factor Accuracy: (2% of dial reading
D

=+ 0.05% dissipation factor ). Power Yactor ——
RVAR T i 2"
where DD = dissipation factor.

Sensitivity: The sensitivity is such that any capacitance
in the range 100 guf to 10,000 gf can be balanced to a
precision of ut least 0.1%,.

Temperature and Humidity Effects: The readings of
the bLridge are unaffected by temperature and humidity
variations over the range of room conditions normally
encountered (63° 17 1o 95° I, 0 to 909, RI).

A-C Voltage Applied to Capacitance under Test:
’J.‘}IL' \'I’l‘.‘l;’_l' ill]]ll'l'.‘:«FI'IJ o |}]“ “HL\]IH“"H f‘-'l}i-'\.'il.'lll('l_‘
varies from a maximum of approximately 125 volts at

Type

100 puf to less than 3 volts at 10,000 uf. The eircuit is
so arranged that a maximum of one volt-ampere of
reactive power is delivered to the sample.

Polarizing Voltage: Terminals are provided for con-
neeting an external d-c polarizing voltage. The maximum
voltage that should be impressed is 500 volts,

One of the terminals is grounded so that any a-¢ oper-
ated power supply with grounded output ean be used.
The terminal capacitances of the power supply do not
affect the bridge cireuit.

Power Supply Voltage: 105 to 125 (or 210 to 250)
vaolts, 60 eyeles,

Power Input: 15 watts.

Accessories Supplied: Line connector cord.
Mounting: Portable carryving case of luggage-type con-
struction. Case is <-ul|1plt'tl>|._\' shiclded to insure freedom
from electrostatic pickup.

Vacuum Tubes: One each 6X5-GT, 63J7, and 6U5. All
are supplied.

Net Weight: 30 pounds,

Dimensions: (Width) 141 x (depth) 16 x (height) 10
inches, overall, including cover and handles.

Code Word Price

1611-A

Schematie diagram of the Type

1611-A Capacitance Test Bridge.

Generator and  detector connec-

tions are interchanged by the

switching when the bridge is used

to measure capacitanees greater
than 1 pf.

DISSIPATION
FACTOR

FORUM |  $375.00

DOUBLE SHIELDED
TRANSFORMER

VISUAL
INDICATOR

TUNED
AMPLIFIER
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TYPE 561-D VACUUM-TUBE BRIDGE

USES: This instrument makes possible accu-
rate measurements of the three fundamental
vacuum-tube parameters: amplification fac-
tor, transconductance, and plate resistance,
over wide ranges of values. The accuracy
is sufficient so that the bridge has found
acceptance among tube manufacturers as a
standard of reference for tube measurements,
particularly whereextreme values of the param-
eters are encountered and where ordinary
measuring cireuits become untrustworthy.

In the field of development and research the
instrument, in addition to providing accurate
measurements of the usual tube parameters,
affords a means of studying the behavior of
tubes used in unconventional and special
cireuits, when any one of the electrodes may
be used as the operating electrode and where
the parameters may have negative values.

The tube circuits have large enough cur-
rent-carrying capacity and sufficient insula-

86

tion so that low-power transmitting tubes
may be tested in addition to receiving tubes.

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-
cients is obtained in terms of the ratio of two
alternating test voltages. A third voltage is
emploved in the capacitance balaneing cireuit,
but its value does not enter into the results.

An extremely flexible arrangement of the
tube control ecircuits makes 1t possible to
measure the tube parameters referred to any
pair of electrodes. Connections from the tube
under test to the measuring circuit are made
by means of concentric cables and jacks, con-
nected to an eight-terminal jack plate,
mounted on the panel. Sixteen concentric
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plugs are mounted on the panel, permitting
a wide variety of interconnections between
the juck plate, the measuring circuit, and
external batteries.

Ten adapter plug plates are provided. Nine
of these carry different standard tube sockets,
and one is a “universal” adapter furnished
with soldering lugs,

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 quan-
tity, multiplier switches are set at the appro-
priate value for the tube being tested, 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 direetly to three significant
figures,
» Independent measurements of the three
main tube parameters are possible, i.c., none
of the balances depends in any way on any
nlhm' Therefore independent cross checks
:an be obtained from the known relationship
involving the three coefficients.
» Negative values of the tube coefficients ean
be measured as readily as positive values.
» Interelectrode capacitance effects are bal-
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.

BRIDGES

STANDARD
RESISTANCE

CAPACITANCE
BALANCE

_ DECIMAL
_~ AT TENUATOR

Simplified diagram of the eireuit employed for the
measurement of transeonduetance with the Tyee 561-D
Vaeuum=-Tube Bridge. The n-e plate current resulting
from the applieation of ¢; to the grid is balunced by an
equal and f}plll'.‘*il(’ current .'1p;n]iv-! to the plate from the
SOUree oy, through the standard resistance. The setting of
the decimal attenuator at the bottom of the panel gives
the significant figures in the result, and the settings of
the step attenuators (¢ and ed) indieate multiplying
factors (Murrery sy and pivioe sy on the panel
switehes).

Any quadrature component through the output trans-
former resulting from the tube interelectrode eapuci-
tances ean be balanced out by the voltage of the extra
split secondary, acting through the double-stutor eapae-
itor, This balance does not affect the balanee conditions

for the in-phase components and consequently has no
effect on the measurement.

The ;Jrli:ll"- of introduction of the test voltages ¢; and
€a are l']l.'ﬂ]"!.‘. }:\ a switeh when the other constants are
measured. Another
when negative values of the coefficients are to be measured,

switeh reverses the :ml:ll:'il,\' of L]

SPECIFICATIONS

Range: Amplification factor (x); 0.001 to 10,000,

Dy namie internal plate resistance (rp); 30 ohms to 20
megohms.

Transconduetance (s, ); 0.02 to 50,000 miecromhos.

Uncler proper f’-JI::{iiIi.f'IIH. th‘ ahove rianges can be ex-
ceeded. The various parameters can also be measured
with respect to various elements, such as sereen grids,
ete. Negative, as well as positive, values can be measured.
Accuracy: Within =29 for resistances (r, switch posi-
tion) from 1000 to 1,000,000 ohms. At lower and higher
values the error inereases slightly.,

The expression g=r,5,, will cheek to 429 when the

qu,mllrnw are all measured by the bridge, and when r,
is between 1000 and 1,000,000 ohms.
Tube Mounting: Socket adapters are provided, as
follows: d-prong, S-prong, G-prong, small 7-prong,
medinm 7-prong, octal, loctal, miniature 7-prong, and
acorn (5- and 7-prong). Thus all standard commereial
receiving tubes can be measured. In addition, a “uni-
versal” adapter, with eight soldering lugs, is provided so
that unmounted tubes, or tubes with non-standard bases,
can be measured conveniently, The panel jack plate and
the adapters are made of low-loss yvellow phenolie, reduc-
ing to a minimum the shunting effect of dielectric losses
on the dynamie resistance being mensured.

T'ype

Accessories Supplied: Two Tyre 274-NE Shiclded
Conneetors for connecting  bridge to  oseillator and
detector, two grid-lead connectors and one special con-
nector,

Current and Voltage Ratings: The tube cireuits have
large enough current-carrying eapacity and sufficient
insulation so that low-power transmitting tubes may be
tested in addition to receiving tubes. Maximum allowable
plate current iz 130 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 tube under test.

Bridge Source: A source of 1000 eveles is required, The
Tyre 813-A Audio Oscillator or the Tyee 723-A Vacuum-
Tube Fork is suitable for this purpose.

Null Indicator: An amplifier in conjunction with a sen-
sitive pair of head telephones is recommended.
Mounting: The instrument is mounted in a walnut
cabinet. A wooden storage case is provided for the plug
plates and leads.
Dimensions: (Length) 18
ill"]ll'.“.

Net Weight:

34 x (width) 1534 x (height ) 11

31 pounds.

Cude Waord Price

561-D

| Vacuum-Tube Bridge..... ..

BEIGE $550.00
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TYPE 544-B MEGOHM BRIDGE

USES: The megohm bridge is very useful for
measuring all tvpes of resistances in the
megohm ranges. These uses include not only
the resistance of cartridge-type resistors used
as grid leaks and coupling resistors in vacuum-
tube eircuits, but also the insulation resistance
of electrical machinery such as generators,
motors, and transformers; of electrical equip-
ment such as rheostats and household appli-
ances; of single conductors, cables, and capac-
itors: of sufficiently long sections of high-
voltage cables; of paper capacitors; and of
slabs of insulating materials. Volume re-
gistivity and its change with temperature
and humidity can be determined. Guard con-
nections 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
insulation of electrical machinery, trans-

formers, and cables. Charging-current curves
can - be easily obtained, over time intervals
from one second to many hours.

DESCRIPTION: The Tyre 54+13 Megohm
Bridge is a combination of Wheatstone bridge
and vacuum-tube voltmeter.

The bridge is composed of the four arms,
A, B, N, P, as shown for the OPERATIS 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. For checking the galvanometer
zero, the tube is isolated from the bridge
voltage as shown in the CHECK position,
with the high resistors, N and P, connected
to the grid exactly as in the OPERATE posi-
tion. The effects of any voltages, alternating
or direct, in the unknown resistor, P, 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
CHARGE position, in which the unknown
resistor, P, 1s placed across the arm, 3. This
is valuable in measuring the resistance of
large capacitors because [ull 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 capacitor.

FEATURES: » The direct 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 accuracy, regardless of
setting, is obtained by using a resistance
scale that is approximately logarithmic over

Schematie cirenit diagram of the Megohm
}5rhiuln

"‘b‘-""‘ UNKNOWN
/ RESISTOR

CHARGE
OPERATE
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one deeade. The effective seale length for the
range from 100,000 ohms to 10,000 megohms
is 35 inches,

» 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-c¢
power supply to prevent surges in charging
current when the leakage resistance of capac-
itors is measured.

SPECIFICATIONS

Range: 0.1 megohm to 1,000,000 megohms, covered by
a dial and a5 position multiplier switel, A vesistance of
1000000 megohms can be distinguished from infinity,

Accuracy:

Jesiatitnen
1 AMQ2— 100 M2 + 39
100 MOQ— 1000 M2 + 69
1000 M= 10,000 M2 -+ 105,

Aecuracy

Above 10,000 megohms, the aceuracy 15 essentinlly that
with which the seale on the MEGOHMS dial ean he read.
Terminals: All high-voltage terminals are insulated as a
protection to the operstor. A maximum of 12 ma can be
drawn on short eireuit.

Power Supply: Two types of power supply are available:
(1) an a-¢ unit delivering d-c test voltages of 500 volts
and 100 volts to the bridge, and (2) a battery power
supply of 90 volis, The p-¢ unit operates from o 105- to
128-valt (or 210- to 250-volt), 40- to GO-cvele line, The
battery power supply consists of 2 No. 6 Dry Cells and
3 Burgess No. 5308 45-volt batteries.

Operating Voltage: l'erminals are provided so that the

bridge voltage ean be obtaine

romn an external souree if
desired. Up to 500 volts ean be applied.
Vacuum Tubes: With battery power supply, a 1D5-GP

BRIDGES

544-B Megohm
tely logarith-
le from 1 to 10.

The meconsms dial of Tyre

Bridge. The scale is approxi

mie over the muin deeac

6I7-0G detector, n 6X5-GT/G rectifier, a 5UA-C rectificr
and, inthe voltage rogulators, o GJ3-GT /G, n 6KG-CT /G,
a 4A1 Ballast Tube, and two Tyre 2LAG-949 neon
lamps. All tubes are supplied.

Accessories Supplied: With a-c power supply, n seven-
foot line-eonnector cord and spare fuses. Batteries are
supplied with the batteryv-operated model.

Mounting: Shielded oak cabinet.

Dimensions: Cuhinet with cover elosed, (width) 814 x
(length) 221, x height) 8 inches, over-all.

Net Weight: With buttery pow

with a-¢ power supply, 262§ pour

supply, 2915 pounds;
- Typee 514-P10, 1414

detector tube is used; the 500-volt power supply uses a pounds; Tyee 544-13, 1115 pounds.
Type Deserintion Code Word Price
544-B Megohm Bridge, with A-C Power |
Supply......... .. i g R g AGRER $295.00

544-B
(Incl. Batteries)

544-P3

544-P10

I A-C Power Supply Unit Only :
| Battery Power Supply Unit Only. .. ..

Megohm Bridge, Battery Operated

215.00
105.00
22.00

ALOOF
AGREEAPACK
ALOOFAPACK |

Tyrr 729-A and Tyre 1861-A Megohmmeters, direct-reading instruments operating
on the ohmmeter prineiple, are deseribed on pages 151 and 152.

These dingrams show the bridge connections for the three positions of the CHECK-OPERATE-CHARGE switeh,

QPERATE

BRIDGE O
GUARD

o)

CHARGE
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TYPE 1614-A CAPACITANCE BRIDGE

USES: Designed for the rapid measurement of
apacitors in industrial plants, the Typr
1614-A Capacitance Bridge finds applications
in both production testing and in the labor-
atory. It is suitable for acceptance tests by
both the manufacturer and the user of the
many types of paper, mieca, and electrolytic
capacitors used in eleetrical equipment, and
in the laboratory it is a handy means of
making rapid checks on the condition of
apacitors used in experimental circuits.

DESCRIPTION: This bridge is portable and
operates from self-contained batteries. The
measuring frequency is 1000 eyeles, supplied
by an internal electro-mechanical oscillator.
A pair of head telephones, internally attached,
are used in indicating balance. When not in
use, the phones are stored in a compartment
in the walnut cabinet. A removable hinged
cover affords protection for the instrument,
and a carrving handle is provided. Operating
instruetions are attached to the inside of the
cover,

The eirenit is that of a conventional 4-arm
bridge, in which the loss component of the
unknown is bhalanced by means of a variable
resistor in series with the standard capacitor.
Provision is made for introdueing a polarizing
voltage, from an external source, in measuring
electrolytic capacitors,

The ecapacitance of the unknown is indi-
ated directly by the setting, at balance, of a
6-inch dial with slow-motion drive. A separate
3-position switeh provides multiplying factors
in steps of 100:1. The second balance control
is a 234-inch dial that reads directly in dissi-
pation factor.

FEATURES: Portability, ease of operation, and
simplicity, combined with wide range and
good accuracy are some of the principle
features of this bridge.

SPECIFICATIONS

Capacitance Range: 10 puf to 100 wf in three steps: 10
el 1o 10,000 wef: 0,01 wf to 1.0 wf: and 1.0 wf to 100 gf.
Accuracy: =29, except on the lowest range, where,
after the zero eapacitance is subtracted, the accuracy is
4= (297 of the dial reading +2uuf).

MULTIPLIER “&UNKNOWN

MICRO-
FARADS

Type

Dial Calibration: Approximately logarithmic (uniform
fractional accuraey ) over two main decades, with a com-
pressed lower deeade which is used only for measurements
below 100 uuf.

Dissipation Factor: Range, 0 1o 43%. Aceuracy: On
the lowest capacitance range, the error, expressed in
pereent dissipation factor, is ==(0.1 X dial reading
4 21%; on the other two ranges, ==(0.1 X dinl read-
ing -+ 0.2)9%.,

Frequency: The internal osecillator furnishes the neces-
sary bridge power at a frequeney of 1000 eyeles =59,

Power Supply: G-volt dry battery. Two Burgess F2BI
units connected in series are recommended, and are sup-
plied with the instrument. Space for these is provided in
the eabinet.

Accessories Supplied: Head telephones and batteries.
Accessories Required: When o d-¢ polarizing voltage is
used, a 2 uf hy-pass capacitor is required. This capacitor
is not supplied with the instrument, but space for a
Genernl Electric 55X-620 is provided in the cabinet.
Mounting : Walnut eabinet with removable hinged cover.
Dimensions: 1314 x 8la x 7 inches, over-ull,

Net Weight: 134 pounds.

Cadde Weord Price

1614-A

Capacitance Bridge. . . .. .. ..

LAPEL $140.00
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TYPE 1631-A INDUCTANCE BRIDGE

USES: This bridge, a companion instrument to
the Typr 1614-A Capacitanee Bridge, is de-
signed for the rapid measurement of the in-
ductance and storage factor (Q) of inductors
over & range of 100 gh to 100 h. Less aceurate
measurements can be made of inductors be-
tween 10 gh and 100 gh, Tt is suitable for pro-
duction testing or for routine laboratory use.
Lron-cored inductors ean be measured at an
arbitrary value of impressed a-e voltage which
is substantially in excess of the value corre-
sponding to initial permeability.

DESCRIPTION: T.ike the Tyre 1611-\ Capac-
itance Bridge, this bridge is portable and
operates from self-contained batteries. The

same type of ozeillator and head telephones
are used, and the bridge is housed in a similar
cabinet. The circuit is that of the Maxwell
bridge, in which a fixed capacitoris used as the
standard, and the loss component is balanced
by a variable resistor shunting the standard.
The inductance ot the unknown is indicated
directly by the setting, at balance, of a 6-inch
dial with slow-motion drive. A 3-position
switeh provides multiplying factors in steps of
100:1. The second balanee control is a 28 -inch
dial calibrated dirvectly in storage factor .

FEATURES: Sce Tyrr 1614-A Capacitance
Bridge on preceding page.

SPECIFICATIONS

Inductance Range: 10 uli to 100 h in 3 steps: 10 ph to
10,000 gh: 0.01 h 1o 1 h: and 1 h to 100 b,

Accuracy: =+=2.57 of dial reading beiween 100 gh and
10 h. Below 100 gh the error varies inversely as the nugeni-
tide of the unkoown, Above 10 I the error inereas
= 107 of dinl reading at 100 b,

Dial Calibration: Approximately Togaritlhunie (uniform
fractional accuraey ) over two main deeades, with a come-

5 (o

Ty e

pressed lower decade which is used only for measurements
below 100 uh.
Q: Range, 1 to 45, Aeeuraey, £109; of dial reading for
values of € between 2 and 10, For higher values the error
inereases progressively to =159 at o @ of 45, For lower
values, the error inereases to =209, at o) of 1.

Other specifieations are identical with those for Tyre
L614-A Capacitanee Bridge, preceding pugre.

Cade Word

Price

1631-A

| Inductance Bridge. .. .. ... .

LARYVA $150.00
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TYPE 1612-A R-F CAPACITANCE METER

FLF, CAPACITANGE METTN

USES: The Tyrer 1612-A R-F Capacitance
Meter is a device for conveniently measuring
capacitances up to 1200 ppf. It can also be
used for comparing the losses in dielectric
samples,

DESCRIPTION: The principle of operation is
illustrated by the functional eireuit diagram
below, The main elements are a one-mega-
cycle oscillator and a measuring circuit.
The oscillator is !uu:-‘(']_\' {'nll|)|(':] to the
measuring cireuit, which incorporates a cali-
brated capacitor, an inductor, and a erystal
rectifier and microammeter. Manual control
ol 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 alfter the unknown capacitance is
connected to the X terminals.

The instrument operates directly from a
115-volt, a-c or d-c line.

FEATURES: » Ilase and speed of measurement
are outstanding characteristics.

» The range of the instrument covers capaci-
tors commonly used in r-f cireuits,

» Comparative measurements of dielectrie
losses are readily made.

» The meter is simple and accurate and has
no complieated eireuits,

» Ac or de can be used to furnish the neces-
sary power,

SPECIFICATIONS

Capacitance Range: U 1o 1200 guf in two ranges—> to
80 puf and 0 to 1200 puf. Ranges are switched auto-
matically a8 capacitanee dinl is rotated,

Capacitance Accuracy: Low Range: From 0 to 50 gpuf,
(39, 4+ 0.3 puf), Between 30 and S0 guf, £69. High
Range: From 0 to 1200 gpuf, =039 + 5 wuf).

056,
ouTPUT

T e

Dielectric Losses: Relative meter indieations with
different dielectrie samples give o comparative measire
of dieleerrie loss,

Oscillator Frequency: | megaeyvele +197 adjusted at
factory, Preguencey  ean be readjusted if necessary by
means of o movable dust core.

Resonance Indicator: A N34 ervstal rectifier is used
with a microawmmeter to indieate resonance.

Tube: A 1ITNT-GT tube iz used in the oseillator eireuit,
and is supplied,

Power Supply: 115 volts, 50 to 60 eveles ae, or de.

Power Input: 12 watis nt 115 volts, ae.
115 volts, de.

11 watts at
Dimensions: (Length) 12 x (height ) 63€ x (depth) 714

iII{'ili'\“. l"\'l'l"il”..

Net Weight: 11 pounds, 10 ounces.

Clade ”.'f.rrrf_ - Price

1612-A

| R-F Cépucitunce Meter, . .ioc0sseinans

 AFTER | ) $155.00
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TYPE 1670-A MAGNETIC TEST SET

MAGRETC TEST $ET
L o

SENEAAL RADID 00
b st

USES: This equipment is designed to furnish
convenient and rapid 60-cyele measurements
of the permeability and core loss of small sam-
ples ol laminated ferromagnetic material,
such as might be eut from transformer lam-
inations, Such samples may have a width up
to #¢ inch and any length in excess of 214
inches, and may be measured individually or
in parallel combinations. They can be cut in
any desired direction,

DESCRIPTION: The method of measurement
uses a Maxavell bridge in conjunction with a
phase-sensitive null detector. The measure-
ment consists essentially of the determination
of the inductance and the loss component of
a solenoid built into the test yoke in which
the sample is clamped. These parameters
are interpreted as the permeability and core
loss of the specimen material. Values of
normal induction, B, (flux density) are di-
rectly caleulable from these data. The test
voke is designed to have sufficient permea-
bility and cross secetion so that its reluctance

is negligible compared to that of the specimen,
up to medium permeabilities. Corrections
can be made when measuring high-permea-
bility materials.

The measurement is made under known
conditions of 6G0-cvele normal magnetizing
foree, H, with provision for adjusting this
parameter over a wide range. The magnet-
izing ewrrenl s sinusoidal. Measurements
close to initial permeability (// = one mil-
liversted) ean be made, and a steady blasing
magnetizing foree (de) ean be superimposed,
it desired, for incremental measurements.

The detector system consists of (1) a
degenerative selective amplifier, (2) a phase-
shifting network, which permits either of
two phases, 90 degrees apart, to be selected,
(3) a modulation bridge in which the zero-
center galvanometer is connected. and (4) an
amplitude-limiting network, which gives max-
imum sensitivity at balance, but prevents the
galvanometer from going off seale.

A complete theorefical treatment of the
method of measurement will be found in a
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paper by H. W, Lamson, entitled “A NMethod
of Measuring the Magnetic Properties of
Small Samples of T'ransformer Laminations,”
published in the Proceedings of the I'nstitute of
Radio Ingineers, December, 1940,

FEATURES: » Small rectangular strip samples
are used for measurements with the Tyre
1670-A Magnetie Test Set. Thus it is not
necessary  to  prepare  special  ring-shaped
samples or fo use the amount of material
required to construet the standard Epstein
test core.

» Iudependent indications of balanee for the
two main bridge controls are provided by
means of the phase-shifting network. This
feature eliminates the imconvenience of the
shding balance that is characteristic of the
bridge when a conventional null detector is
used.,

> Dircet comparison of the permeability of

aarious samples can generally be made from
the bridge dial readings without the ne-
cessity of ealeulating absolute values.

» The direction of off-balance is indicated by
means of the modulation bridge.

» Measurements analagous to Epstein values
for power purposes can be made on 72-grade
silicon steel or higher-permeability materials
at Bmax cqual to 10,000 gauss,

» The high gain necessary for measurements
at low values of magnetizing foree is fur-
]|i,~'}1(_'1.| b.\‘ the tf(_‘_‘.rt‘llvt':lii\'v s(‘]m'l e :1111;)““:»[’.
which also eliminates the effect of harmonic
response af high values of magnetizing force.
» The limiting ecirenit  prevents off-scale
deflections of the meter, which is made to
respond exponentially to the amount of off-
balance. This arrangement eliminates the
need of a gain control or adjustable galva-
nometer shunt.

SPECIFICATIONS

Range of Magnetizing Force: T'he 60-cvele normal
magnetizing foree is adjustable from one milliversted to
6 oersteds (gilberts per centimeter) for a line voltage of

115 wvolts. A biasing magnetizing foree (de) up to 2

oersteds ean also he |IF'“I'I[. The N eessiry d-c prower,
up to L3 oersteds, ean be obtained from the internal

THwWer supply of the test sei,

Permeability and Core-Loss Range: The range for
}u‘i'll]l'.‘z]-i'il_\‘ and core-loss measurements varies with the
cross-gection area. Por a sample eross zection of 10 sq.

mni, full seale on the g dial is 25,000, The permeahbility
and eore loss of any ferromagnetie =ample ean be moeas-

ured if o =ample of proper eross seetion i= chosen, It may

sometimes be necessary to ealeulate corrections for high-

permenbility materials,

Accuracy of Measurement: The aceurney of data
obtained with this instrument 15 chicfly determined by
the ];r'l-l'isiun with which the cross-section of the Spee-

Tt

1670-A | Magnetic Test Set

AMP. GAIN
Low.

MAXWELL BRIDGE

PHASE SHIFT NETWORK \ /

POLARIZING”
CONTROLS

imen is known. Similar samples of  identical  cross
section ean be compared, gt owny given ff, with an

aceuracy of 1 to 2 percent.

Power Supply: 115 volts, G0 eveles; by o change of
connections on  the power transformer primary, the
in:-:rnrm-nr ¢ he r-]u'l'.‘ll-'ll from :
Power Input: 00 warts,

Tubes: 2 6O8-G, 1 6NS3-Gr, and 1 0D/ VRR1A0.
Accessories Supplied: Test voke and line cord.
Accessories Required: When o d-¢ magnetizing foree
is applied, & milliammeter and a rheostat for varying the
de are required. The Tyer 371-A 50,0002 Rheostat is
suituble when the internal voltage souree is used,
Mounting: The test set, exelusive of the test voke, is
honsed in o walnut eabinet with sloping front panel.
Dimensions: Test =ct, (width) 16 x (depth) 18 x
(height ) 10 inches over-all; test yoke, 8§ x 4 x 51 inches.

MNet Weight: Test set, 44 pounds; test voke, 10 ]mmnl:&_

J0-volt line.

Clode Word Price

J AFIRE | $585.00

. ® HIGH

GPush
T T POLARIZING TEST
SWITCHES

LIMITER NETWORK
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CATHODE RAY
NULL DETECTOR
TOPLTOT-A BUBLAL WO M
GENERAL RADIO CO.
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BELECTIVITY

BRIDGES

TYPE 707-A CATHODE-RAY NULL DETECTOR

USES: Thix visual null indicator is intended
for use as a balanee detector in bridge and
other null-method measurements at power-
line and audio frequencies. When ealibrated
for a given frequency, it can be operated as
a limit indieator. It can also be used for com-
paring frequencies by means of  Lissajous
figures or, when calibrated, used as an a-c
millivoltmeter.

DESCRIPTION: The output of the bridge is ap-
plied through an 80-db highly selective ampli-
fier, operating on the degenerative principle,
to the vertical deflecting plates of a one-inch
cathode-ray tube. The bridge generator volt-
age is applied thraugh an adjustable phase-
shifting network to the horizontal plates. The
tilted ellipse o formed is reduced to a horizon-
tal straight line at balance.

FEATURES: » Independent indications of the
effect of balancing either the reactive or the
resistive bridge control are given.

p Lither hridge control can be balanced aceu-
ratelv without necessitating an accurate bal-
ance of the other. This arrangement makes
rapid and convenient routine bridge measure-
ments possible,

» Indication of the dircetion of off balance
of cither one of the bridge controls, chosen at
will, is also given.

» Response and recovery are instantaneous
and the null indicator cannot be injured by
overloading.

» In noisy locations visual balaneing is much
less fatiguing than head telephones.

SPECIFICATIONS

Input Impedance: One megohn,

Sensitivity: 150 pv at 60 eyeles; 200 to 300 pv at 1000
eyeles.

Selectivity: 40 decibels against second harmonie,
Frequency Range: Plug-in units tune the amplifier for
the desired operating frequency. See next page. Con-
tinuous thuning range 359 for each unit.,

Temperature and Humidity Effects: When this in-
strument is operated under severe conditions of temper-
ature and humidity some deerease in sensivity and selee-
tivity may be expected, For the low frequency tuning
units the sensitivity may be reduced by as much as 6 db,
while for all units the seleetivity to the seeond hurmonie
may be reduced by 5 db. The above figures are for a
relative humidity of 809, at 95° Fahrenheit.

Controls: Panel controls are provided for adjusting the
foeus und brillinnee of the eathode-ray pattern, the phase
and amplitude of the horizontal sweeping voltage, and
the zain, selectivity, and tuning of the amplifier.

Type

Accessories Supplied: A 7-foot line conneetor cord.
Accessories Required: One plug-in phasing circuit is
used at any frequeney below 400 eyeles; one plug-in
tuning unit for each operating frequency used. These
are not inclnded in the price of the instrument. (See price
list on next page. )

Power Supply: 105 to 1235 volts, 40 to 60 eycles.
Power Input: 20 watts at 60 eyveles.

Vacuum Tubes: One 6IK7-G pentode, one 6F8-G twin
triode, one 6J53-G7T /G triode, one 913 eathode-ray tube,
and one 6 X3 rectifier; all are supplied with the instrument,
Mounting: Stundard 19-inch relay-rack panel. Walnut
end brackets are supplied for table mounting,
Dimensions: Panel, 19 x 7 inches; depth behind panel,
9 inches.

Net Weight: 29 pounds.

Code Word Price

707-A

PATENT NOTICE, See Note 24, page vi.

| Cathode-Ray Null Detector™®

NULTY | $285.00

! .- pe - P
*Less Phasing Unit and Tuning Unit (see next page).
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BRIDGES

PLUG-IN UNITS FOR TYPE 707-A CATHODE-RAY
NULL DETECTOR

These units are required for use with T'yvrn
707-A Cathode-Ray Null Detector and are
not included in the price of that instrument.

A phasing unit is necessary for operation at
any frequency below 400 eycles. At 400 cyeles
and above, none is required. A tuning unit is

required for each operating {requency. The
tuning range is 439, of the nominal fre-
quency of any tuning unit.

All units plug into mounting jacks provided
inside the null detector,

PHASING UNITS
_'.f-_':'.fu ) Deseription I (el H‘r-rf_." e Pri
707-P1 | For Frequencies Below 100 cycles . .. NULLTECANT $8.00
707-P2 For Frequencies Between 100 and 400
EVEIBE) . e e e R e | NULLTECBOY 8.00
AMPLIFIER TUNING UNITS
Ty e B _f"h queney o oy Lum" B . _J"r i -
707-P50 50 cycles NULLTECDOG $30.00
707-P60 60 cycles NULLTECEYE 30.00
707-P100 100 cycles NULLTECTAP 30.00
707-P400 400 cycles NULLIECFIG 30.00
707-P1000 1000 cycles NULLTECGUM 30.00
707-P2000 2000 cycles NULLTECHIM 30.00

Amplifier Tuning Units for special frequencies between 30 and 2000 eyeles
can be obtained on special order.

Sechematie diagram for Type T07-A Cathode-Ray Null Detector.,

INPUT STAGE

SELECTIVIT
CONTROL
LINE
OR

EXTERNAL
GENERATOR
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AMPLIFIERS

The Type T15-A1 Direct-Current Amplifier with a 5-Mu Recorder.

TYPE715-A DIRECT-CURRENT AMPLIFIER

USES: The Tyrwr 715-A Direct-Current Am-
plifier is designed primarily for use with the
Iisterline-Angus 5-milliampere recorder. This
combination of amplifier and recorder is
capable of accurately recording small d-c
voltages and ecurrents. In addition to its
obvious use as o recording d-¢ milliammeter
or millivoltmeter, it has a number of applica-
tions in process control and in measuwrements
in physical and chemical laboratories.

Since the introduction of this amplifier, 1t
has found application to a wide variety of
industrial and research problems. It has been
used for the recording of frequency and for
recording the modulation level of broadeast
transmitiers. Other applications include the
recording of the insulation resistance of
clectrical machinery during dehydration, the
measurement of the emf of electro-chemical
cells, the recording of life tests on vacuum

98 GENERAL

tubes, and the recording of sound and vibra-
tion intensities. The instrument may equally
well be used to operate from photoclectric
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 ecircuit employs three pentode tubes
for the amplifiers in a degenerative cirenit
arrangement giving high stability of ealibra-
tion. A bridge-type balancing network using
a voltage regulator tube provides for balane-
ing out the steady plate current in the meter,
so that the meter indicates current change.
Both fine and coarse zero adjustments are

RADIO COMPANY



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: » Iligh 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.

AMPLIFIERS

» Variations in the temperature of the
cathode of the first amplifier tube, a ecritical
point, have been overcome very effectively
by using a regulating transtormer and a fila-
ment ballast lamp. This system maintains
the heater voltage constant for line voltage
changes from 105 to 125 volts.

» A-¢ 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 switeh, giving 5 milli-
amperes linear output in the recorder ecircuit of 1000
ohms, for input voltages of 0.1, 0.2, 0.5, and 1.0 volt
applied at the input terminals with either polarity. The
rain is best expressed as o transconduetance; the maxi-
mum value is 50,000 micromhos.

Accuracy: As o enlibrited voltmeter, the aceuracy of
calibration is approximately 197 of full seale, this aceu-
racy heing maintained over a considerable period of time.
Input Circuit: Means are provided for selecting any
one of & number of input resistances, so that the instru-
ment not only has an adjustable inpur resizstance, but can
serve as a calibrated millivoltmeter or mirroammeter.
The input resistances range in powers of 10 from 100
ohms to 10 megohms. Short-cireuit and open-cvireait
pusititlnﬁ are also Su]:pﬁt'd on the selector switeh.

IFor those applications where velative values only arve
of interest and where the voltare availuble exceeds | volt,
one of the switch positions connectg the input to o 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 ohins.
Grid Current: The grid current in the input eireuit is
less than 0.002 microsmpere.

Qutput Circuit: The output circuit is designed 1o oper-
ate o S-millismpere meter mounted on the panel and an
externnl meter or deviee sueh as the Esterline-Angus
Semillinmpere recorder, and is provided with o manually
adjusted  compensating  resistunee, The compensating
resistance is adjusted to allow for the resistance of the
external deviee, =0 that the instrument always works
into 1 normal resistance of 1000 olims. Although the
instrument  funetions perfectly when operating into
resistances from 0 to 2000 ohms, its calibration is affected
slightly if the total impedanee deviates materially from
the 1000-0hm value.

Temperature and Humidity Effects: Over the range
of room vonditions normally encountered (65° Fuhren-
heit to 057 Falirenheit: 0 to 95% relative humidity ), the
operation and stability ave independent of ambient con-
ditions.

Power Supply: The instrument is intended for oper-
ation directly from 105 to 125 (or 210 to 250) voltg, GO
eyveles. Other voltages or other frequencies can be supplied
on special order only.

Power Input: The power drawn from the G0-cyvele line
iz approximately 35 watts. No batteries of any kind are
employed.

Vacuum Tubes: The tubes used are: two 6J7-G, one
61°G-G, one 6X3-G, one 0C3 /VI105, one 4A1. All are
furnished with the instrument.

Mounting: The amplifier is mounted in & cast metal ease
identical with that used on the Esterline-Angus recorder,
or in walnut cabinet, as desired.

Accessories Supplied: Seven-foot line conneetor cord.
Dimensions: Tyre T15-AM, (height) 15 x (width)
9 x (length) 8Ls inchos, over-all; Tyewr 715-A10 (height)
15 x (width) 814 x (length) 8% inches, over-all.

Net Weight: With cast metal case to mateh ISsterline-
Angus recorder, 25% pounds; with walnut cabinet, 2214
pounds,

The Tyre T15-AM Direct-Clurrent Amplifier.

————— Tupe Coddee Werd Price
715-AE In Cast Metal Case ................. ASIDE $345.00
715-AM In Walnut Cabinet. . ................. ALOFT 300.00

PATENT NOTICE. See Note 1, page vi.
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AMPLIFIERS

TYPE 1231-B AMPLIFIER AND NULL DETECTOR

USES: The Tyre 1231-B Amplifier and Null
Detector can be used as a high-gain amplifier
for general laboratory use or as a sensitive
visual null deteetor for bridge measurements.
For an aural indieation of the null point the
amplifier can be used with head telephones.
It may also be used as a pre-amplifier for
ervstal microphones, vibration pickups and
cathode-ray osecilloscopes. With a suitable
ervstal detector it can be used as a sensitive
indicator for amplitude-modulated high-fre-
quency voltages (for example, as a standing-
wave indicator for a slotted measuring 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 pancl
meter indieates the amplifier output in two
ranges, serves as o null indieator, and is also
used to check the condition of the battery.
The null-detector response is approximately
logarithmic over a 40-db range. A 30-db
input attenuator is provided for attenuation
of high input voltages. Either a BAUS battery
pack or the Tyrr 1261-A Power Supply can
be placed within the cabinet to operate the
instrument, but over-all performance is <ome-
what better with the battery. Blocking capac-

100

itors at both input and output jacks izclate
the instrument from dircet current m the
external eireuits to which it may be con-
nected. A filter jack on the panel of the
instrument  permits insertion of an  anti-
resonant filter, such as the Tyrr 1231-P,
in the grid circuit of the last stage for modity-
ing the frequency characteristic,

FEATURES: » Plainly labelled push button
controls make the operation of the amplilier
simple and convenient.

» Input and output terminals are arranged
to take either Tyer 274 Plugs or Tyre 771
Coaxial Connectors.

» The self-contained meter makes the instru-
ment a very convenient detector for bridge
measurements.

» [Tarmonies or noise outside the operating
frequency range are easily and effectively
climinated by the insertion of filter units.

B0c  W00s B00s 800
FREQUENCY
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FILTER

AMPLIFIERS

ANPLIFIER

SPECIFICATIONS

Input Impedance: 1 megohm in parallel with 20 miero-
microfarads,

Maximum Gain: Greater than 83 db at L ke with 1
megohm load.
Meter Scales: NORM scale: This seale is the one

normally used to monitor the amplifier output voltage.
It is ealibrated approximately in volts with an aceuracy
of reading of 459 of full scale.

SENS seale: This seale is used for determining ratios
of voltages :-tt-'r'--r-':-i\'l-l_\ :1]-;l]iml to the iu;n:t terminals,
in standing-wave . It is calibrated
approximately in decibels with an arbitrary zero. Thus
n ratio I'\;IT'I'.‘“*t‘Ii in decibels is obtained ll)' rililllT:U‘li.II!_{

measuremen

one meter reading from another. Ratios so obtained are
within 309 of the eorrect value in deeibels,

provided at least one of the readings is above half scale

accurnte

on the meter.

No separate seale is provided for NULL DET oper-
ation, since actual readings are not needed.
Null Detector Sensitivity: Less than 100 microvolis
input is required to give 109 indication on the meter
at 1 ke
Amplifier Sensitivity: Less than 25 microvolts input
1 ke iz required to give 109 indication on SENS

nt
range of the meter,
Qutput Impedance: Approximately 30,000 ohms,

Ty

1231-B

A;'-nplifier and Null Detector. .

Maximum Output Voltage: 5 volts into 20,000 ochims;
20 volts into 1 megohm.

Noise and Hum Level: The open circuit noise level is
less than 0.5 volt at full gain., When the Tyes 1261-A
Power Supply is used, the open cireuit noisge and hum
level is less than 1 volt.

Frequency Response: Sce curve on preceding page.
Tubes: The instrument requires two Tyee 114 and one
Tyre 1DS-GT Tubes, which are supplied in the instru-
ment,

Power Supply: Burgess 6TAGO (Signal Corps BA4S)
Battery Pack is supplied in place in the instrument.
When a-¢ supply is desired, the Tyee 1261-A Power
Sll]i[l]_\' isee next page) can he used.

Battery Life: Between 200 and 250 hours at 8 hours
per day.

Accessories Available: Tyrs 1231-P2 (400 and 1000
eveles) and Tyee 1231-P3 (60 eveles) Tuned Cirenits are
for providing selectivity below ). For
facilitating conneetions to the input and output, two
Tyre 274-M Plugs are supplied. Tyre 271-NC or Tyre
274-NE Shielded Conneetors may be used., Where com-
plete shielding is required, Type 774 Coaxial Connectors
(page 204) are
Dimensions:
Net Weight: :

available (2pe

recommended,
1214 x 8 x 1035 inches, over-all.
43 pounds, ineluding batteries.

Word Priee
$195.00

ol

VALID

TYPE 1231-P TUNED CIRCUITS

&/

GENERAL RADIO COMPANY

USES: These tuned-cireuit filters are primarily
designed for use with the Tyrw 1231-B Ampli-
fier and Null Detector for suppressing har-
monics, noise, and hum in single-frequency
measurements, such as the balancing of a
ill'il];.'_t‘_

DESCRIPTION: The Tyre 1231-P Tuned Cir-
cuits are parallel resonant eireuits. The J00-
and 1000-cyele cireuits are mounted in the
same case, and a togele switeh 1s installed
for selecting the desired frequency. A plug
and a length of shielded cable are furnished
with all units,

FEATURES: » Harmonies as well as noise and
other components outside the pass band are
l'!JIi\‘l'llil‘II”_\' eliminated from the detector
cireutt of a bridee.

» Amplifier gain iz not sacrificed appreciably
the insertion the filters i

because loss ol I8
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POWER SUPPLIES

o
ATTENUATION IN DECIBELS
= fe
|
1
|
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)

Attenuation characteristies of T'ypr 1231-P
Tuncd Cirenits,

small and can usually be tolerated for most

uses because of the high gain of the amplifier.

Tupe Frequency

1231-P2
1231-P3

TYPET1261-A

USES: The
is an a-¢ power pack for use in place of bat-
teries in battery-operated instruments where

Tyrr 1261-A Power Supply

continuous operation, such as production
testing, makes it desirable to operate the
instrument from an a-¢ power line. The
power pack is designed to be the equivalent
of a BAIS (Burgess GTAG0) combination
bhattery in voltages, current capacity, size and
shape, so that it is interchangeable eleetrically
and mechanieally with that battery. It can be
used in the following General Radio instru-
ments:

Tyre 720-A ”l-ivr’ntll\‘lw |"I‘|'t|ll(‘11(“\_‘ Meter

Tyre 759-A or -B Sound-Level Meter

Typr 1231-A or -B  Amplifier and
Detector

Null

400 and 1000 cycles . . . ... ..
00 BYelas . s annnn emien S e

» The frequency characteristic of the Typg
1231-B Amplifier and Null Detector when
the Tyre 1231-P Tuned Cireuits are used
with it is independent of the terminating
impedances ordinarily encountered.

SPECIFICATIONS

Frequency: 1'wo units are listed, one for 60 exeles and
the other for hoth 400 and 1000 eveles. The aceuracy of
tuning is =29, Units for other frequencies can be made
on special order.,

Attenuation: See anceompunying curves. Note that the
Tyre 1231-P2 is effective in removing 60-evele hum as
well as harmonies of the resonant frequeney.

Mounting: Stundard drawn-steel case, Model C (see
page 140 for dimensions), A plue and 24 inches of shielded
eable are provided for connecting to the Tyrr 1231-B
Amplifier and Null Deteetor,

Net Weight: -"57. ].'lrlllltl.*'. hoth lll“lll.'l.“-

o Cade Ward — Price
,,,,, AMBLE $20.00
AMPLE 15.00

POWER SUPPLY

DESCRIPTION: This power supply is a light
compact unit that fits into the battery com-
partment of General Radio instruments which
use the BA4S battery block.

A selenium rectifier and L-C filter with two
flashlight cells floating across the output pro-
vide a low-impedance well-filtered and regu-
lated d-¢ filament supply. A conventional
vacuum-tube rectifier and R-C filter provide
the plate supply. A four-terminal output
socket fits the plug on the battery cable of
instruments which use the BA48 battery.

Octal Selector Plugs inserted into a socket
on the top of the power supply make it
possible to select filament and plate voltages
for various needs,

FEATURES: » Filtering action equivalent to
that of a large capacitor is obtained by
floating two flashlight cells across the output
filament supply.

» ssentially constant filament voltage is
maintained by means of these small batteries.
When the power supply is in operation,
normal line voltage variations cause the cells
either to charge slightly or deliver small
amounts of power to the load.

» The filament output voltage can be set at
any time and checked against the battery
voltage.

» The life of the flashlight cells is practically
equal to their shelf life. A small relay, built
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as part of one of the filter chokes, opens the
circuit when the instrument is turned off, so
that the cells will not run down.

» Quick interchangeability with the BA48
battery block is possible. No rewiring or
circuit changes are required in new instru-

POWER SUPPLIES

ments  purchased with the Tyer 1261-A
Power Supply, or purchased since the power
supply has become available, Older instru-
ments may require a minor change in the
wiring of the battery cable, and full instruc-
tions are furnished for such cases.

SPECIFICATIONS

OUTPUT:

Filament Supply: 1.5 volts or 3.0 volts; maximum
eurrent 350 ma. Normal eurrent needed through filter
choke to operate relay is 300 ma. A bleeder resistor is
necded in the selector p]ll;_' if the load current is less
than this value.

Plate Supply: When the power supply ig operated from
a 115=volt G0-cyele line and the normaul filament eurrent
of 300 ma is drawn, the plate supply has the following
characteristies:

133 volts open cireuit
107 volts at 3 ma
S0 volts at 5 ma
72 volts at 7 ma
Maximum output current 8 ma

Selector Plugs: One of the following is furnished. Please
specily type wanted.

Selector Plug 1261-P1 — Provides proper voltages
for Tyre 759-A Sound-Tevel Meter, Battery Plate of
Sound-Level Meter must be replaced by four-terminal
plug to fit output socket of Tyre 1261-A Power Supply.
Full sensitivity of instrument eannot be used. Attenuator
gettings below 30 db on B and O weighting networks and
below 40 db on the A weighting network are not recom-
muended,

Selector Plug 1261-P2 — Trovides proper voltages
for Tyre 759-B Sound-Level Meter.

Tupe

1261-A | PowerSupply...............

Selector Plug 1261-P3 — Provides proper voltages
for Tyre 720-A Heterodyne Irequency Meter.

Selector Plug 1261-P4 — Provides proper vollages
for Tyre 1231-A or -B Amplifier and Null Detector. On
Null Detector use, the plate supply regulation eauses
the meter to overshoot somewhat upon rapidly approach-
ing a null.

Selector Plug 1261-P5 — To be wired by eustomer
to meet his own requirements,

Hum and Noise Level — Sufliciently low to assure
satisfactory operation of instruments listed under eondi-
tions specified.

Input Voltage: 105-125 (or 210-250) volts, 40 to 60
eyeles.

Input Power: Approximately 10 watts,

Tube: One 6HG is used, and is supplied with the in-
strument,

Batteries: I'wo Burgess No. 2 uni-cells which are floated
across the output of the Filament Supply are furnished.
Accessories Supplied: Line connector cord with ON-
OFF switch.

Terminals: A four-terminal output socket fits the plug
on the hattery eable of the T'yee 7349-B, T'ype 720-A, and
Tyre 1231-A or -B.

Dimensions: (Length) 10 x (width) 21 x (depth) 5
inches.

Net Weight: 714 pounds,

Code Waord Price

$95.00

NUTTY

When ordering, specify type of scleetor plug desived and type number and serial number of instrument
with which power supply is to be used. Ixtra selector plugs can be supplied ot a price of 3.75 each.

ouTPUT
SOGKET
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POWER SUPPLIES

TYPE 1260-A VARIAC-RECTIFIER
0-10 VOLTS, 4 AMPERES, DC

USES: Type 1260-A Variac-Rectifier is in-
tended for general laboratory use as a depend-
able substitute for storage batteries. It is a
convenient source of filament and bias volt-
ages for vacuum tubes in  experimental
circuits.

DESCRIPTION: The clements of the power
supply unit are a transformer, a selenium

rectifier and an output filter. The output
voltage is controlled by a Variac feeding the
transformer primary, and is indicated by a
panel meter.

FEATURES: [lase of voltage control from zero
to maximum, low hum level, and low internal
resistance are the important features of this
power supply.

SPECIFICATIONS

Output Range: 4 amperes at 0-10 volts, de; maximum
power, 40 watts; maximum current, 4 amperes; no load
voltage, over 15 volts,

Meter: The output voltage is indieated by a voltmeter
mounted on the cabinet. A panel knob controls the out-
put voltage,

Power Supply: The unit will operate from o 1035- to 125-
volt, 80- to Gi-cyvele line,

Power Input: When the unit is operating at the full
10-watt load, the power input from the a-¢ line is about
75 watts.

Internal Resistance: The d-c internal resistance is
0.6 ohum.

Tupe

1260-A
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Hum Voltage: At 10 volts, 4 amperes, the hum voltage
is less than 100 millivolts or 19, of the ontput voltage
when the instrument is operated on a G0-cyele line, At 2
volts, 4 amperes, the hum voltage is less than 60 milli-
volts or 39 of the output voltage when the instrument
is aperated on a S0-cyele line, For lower lond currents,
the hum deereases.,

Accessories Supplied: Line conneetar eable.

Mounting: The instrument is mounted in a metal
eabinet suitable for table use.

Dimensions: (Length) 16 x (depth) 7 x (height) 915
ill('}ll‘!\. LERY 1.'I"—:|“.

Net Weight: 265 pounds.

Coele ﬂ"_arrf Price
$125.00

GENERAL RADIO COMPANY



These unit instruments are flexible, nex-
pensive deviees for general laboratory use.
The three units listed are designed to be as-
sembled in combination as required for a
particular application. They are especially
useful in the school or college laboratory both

UNIT INSTRUMENTS

for teaching and for use in experimental work
by students. They provide, at low cost,
indispensable laboratory instruments — a
wide-frequeney-range  power source and
an amplifier capable of delivering  three
watts.

(Left) Tyre 1206-A Unit Amplifier, and (Right) Tyee 1207-A Unit Oscillator connected to the
Tyre 1205-A Unit Power Supply.

TYPE 1205-A UNIT POWER SUPPLY

This power pack is designed primarily for
use with the Type 1206-A Unit Amplifier and
the Tyrr 1207-A Unit Oscillator. Connections
to the oscillator or amplifier are made through
multipoint connectors mounted in the ends of
the instruments. When so assembled, the com-
bination of units is very compact, occupying
a minimum of bench space. The power supply
can also be used separately as a general-pur-
pose source of heater and plate power for other
electronie equipment.,

Type

Output Voltages: 6.3 volts, ac, at 2.5 amperes, maxi-
mum. 300 volts, de, at 50 milliamperes maximum, No-
lond voltage is about 390 volts, No regulation is provided,
Hum Level: (L5 volt at 300 volts and 50 millinmperes.
Input Power Supply: 113 (or 230) volts, 50 to 60 eyeles.
Input Power: Approximately 12 watts, no  load;
approximately 50 watts, full load.

Rectifier Tube: One GXH-CGT /G which is supplied.
Qutput Terminals: A standard multipoint conneetor
is arranged for plugging directly into ecither the Tyre
1206-A Unit Amplifier or the Tyee 1207-A Unit Oseillator.,
A muating plug is provided for use with other cquipment,
and a line eonnector cord is supplied.

Dimensions: (Width) 33 x (height) 5% x (depth)
574 inches over-all, Net Weight: 634 1bs,

Code Waord Price

1205-A

TYPE 1206-A UNIT AMPLIFIER

USES: This amplifier is designed for maximum
utility in the laboratory. Its maximum gain
is sullicient for use in the detector ecireuits
of impedance bridges, while its output power
is adequate for driving many low-power lab-
oratory deviees. The normal operating range
covers both audio and supersonic frequencies.
DESCRIPTION: The amplifier circuit contains
two triode voltage-amplifier stages and an
impedance-coupled output stage. Cathode de-
generation is emploved on the input stage,
and additional degeneration is included be-
tween the second amplifier and the output
tube. Power supply connections plug divectly
into the Tyre 1205-A Unit Power Supply.
FEATURES: » A voltage gain of 45 db com-
bined with a maximum output of 3 watts.

» Wide frequeney range — flat up to 100 ke.
> lixcellent gain stability, low distortion, and
good phase-shift characteristie, resulting from
the use of inverse feedback,

GENERAL RADIO COMPANY

| Unit Power Supply.......covviriiunnnnssnnnnns | APPLY

| Price on Request

» Wire-wound volume control insures low

noise level as gain is changed.

SPECIFICATIONS

Voltage Gain: Continuously adjustable from 0 to 45
decibels,

Load Impedance: 7500 ohms optinnm.
cupaeitor is 1 uf,

Blocking

Maximum Output: 3 watts into 7500 ohms =an be
obtained with less than 5% distortion.

Input Impedance: The input resistunee is 200,000
ohms, Blocking eapacitor is 0,05 uf,

Frequency Response: lissentially constant from 100
eveles to 100 ke, Response drops 6 db per octave above
2000 ke, Response at 20 ¢ is down 6 db.

Distortion: The distortion when delivering 1 watt into
a loud of 700 ohms is less than 290 at frequencies ubove
100 eveles, At lower frequencies the distortion inerenses,
bt i= less than 39 at 40 eveles. At an output of 3 walts,
total distortion iz under 530 above 1000 eyeles,

A-C Hum: The 60-cyvele hum level in the output is
about 125 millivolts.

Power Supply: The Tyes 1205-A Unit Power Supply
plugs direetly into the amplifier.
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UNIT INSTRUMENTS

Tubes: One 65SN7-GT and one 6V6-GT are supplied.
Terminals: Jack-top binding posts on #3-inch spacing.

Tg{pe

Dimensions: (Width) 1014 x (height) 57% x (depth) 614
inches over-all. Net Weight: §34 pounds.

Code Word Price

1206-A

TYPE 1207-A UNIT OSCILLATOR

USES: The ability of this oscillator to produce
a test signal at frequencies ranging from 400
eyeles to 80 megacycles makes it a most useful
instrument in the laboratory. It fills the need
for a simple wide-range power source for
measurement and testing, without expensive
refinements, but quickly adaptable to a wide
variety of uses.
DESCRIPTION: A conventional Hartley eir-
cuit is used in this oscillator. Seven plug-in
coils are available, which collectively cover
a continuous frequency range from 70 ke to
80 Me. Plug-in coil forms are available and
can be used to meet special requirements.
Three plug-in circuits are available to operate
at fixed frequencies of 400, 1000, and 20,000
cycles, respectively. Jacks across the tuned
circuit permit extending the range of any
coil by plugging in external capacitors or
inductors.

The output circuit is coupled inductively to
the tank circuit and the output is adjustable
by means of a voltage divider. The assembly
plugs directly into the Tyrr 1205-A Unit
Power Supply.

FEATURES: » Designed for versatility in
operation and in application.

» Controllable output up to 14 watt maximum.
» Very wide frequency range.

» Good frequency stability through the use
of high-Q coils.

» Jacks facilitate connecting external capac-
itors and induetors, to obtain any specific
frequency within the range from 100 cycles to
100 Me.

SPECIFICATIONS
Frequency Range: Seven plug-in coils are available to
cover the range from 70 ke to 80 Me, and a plug-in coil
form, also available, may be wound to meet special re-

| UkitAmplifer: i socosimmiienmtss s l ARBOR

| Price on Request

quirements. Three plug-in units are listed to provide
within #4=29% fixed audio frequencies at 400, 1000, and
20,000 eyeles. Coils, coil forms, and plug-in units must be
ordered separately (see price list).

Frequency Control: With the seven tunable coils, con-
tinuous frequency adjustment is provided by a variable
air eapaeitor, having a uniform seale from 0 to 100.

The audio frequeney units are inductor-capacitor
combinations, and the internal variable air capacitor has
little effect on the frequency. The frequency can be
changed, however, by connecting a suitable capacitor or
inductor to the jacks provided.

Frequency Stability: The frequency stability is ade-
quate for most laboratory applications, except those
involving highly zelective tuned ecireuits. Variations of
load impedance cause some shift in frequency.

Qutput Impedance: Approximately 75 ohms at full
output for the coils (70 ke to 80 Me) and 750 ohms for
the tuning units (400, 1000, and 20,000 cycles). A 2000-
ohm voltage divider at the output terminals provides an
output eontrol.

Output Power: At least a half watt into a matched load
up to 5 Me, and 10 milliwatts at 80 Me.

Modulation: Jacks are provided for connecting a modu-
lating audio source in series with oscillator plate supply.,
The oscillator ean be amplitude modulated to 509
from 0.5 to 15 Me. The maximum modulating frequency
is 10 ke over this carrier range. The modulating audio
oscillator must be capable of delivering about 115 volts
to yvield 509, modulation.

Terminals: Jack-top binding posts with standard #*4-
inch spacing are provided for the output connection.
Power Supply: The Tyre 1205-A Unit Power Supply
plugs directly into the oscillator.

Tube: One 6C4 is used and is supplied.

Accessories Supplied: One extra plug-in coil form;
multipoint eonnector.

Accessories Available: Tuning units, coils, and coil
storage rack are listed in price list below.

Dimensions: 1207-A: (Width) 10 x (height) 57¢ x
(depth) 624 inches over-all.
P1, P2, and P3: 414 x 214 x 3 inches each over-all.
P4, P5, P6, P7, P8, P9, and P10: 235 inches diameter
x 314 inches over-all.
Net Weight: Coils: 5 oz, each; Tuning Units: (P1, 134
Ibg) (P2, 114 1bs) (P3, 1151bs.); 1207-A: 514 1bs.

Type Code Word Price
1207-A Unit  Oscillator: ..o vs s sadansess ARGON
1207-P1 Tuning Unit, 400 €........00i0viieniiinnnsrinsnns ARGONSAWAY
1207-P2 Tuning Unit, T ke ...........oiviniurnnnrnnnnn ARGONSAFIT
1207-P3 Tuning Unit;, 20 ke. . ...cvvvnerivnimsnmnsvn s ARGONSAPIS Prices
1207-P4 Coll, 7O ke 10 IBD k. viiviiiiva v is s vanin e wiomiin v a7 ARGONSALOE
1207-P5 Coil, T80 ke 10 500 ke, . . i vvvvvvevannnivnensnnann ARGONSABLE
1207-P6 Coil, 0.5 Meto 1.5 Me. .......0ciciiiinninnanans ARGONSACRE on
1207-P7 Coil, 1.5 Mcto 5Me. .........oiiiiiiiinnirnians ARGONSANTY
1207-P8 Coll, 5 Mc 20 18 MC. . i vnvinmsvswumisvssmnims ARGONSARTY
1207-P9 Coil, IS5Mcto BOMe, . iuviivivivinvevbasineenss ARGONSAQUA Request
1207-P10 Coil, 50 Mecto BOMe. .. ... ... . .. .. .iiiiiiiaians ARGONSAYAH
1207-P11 Coil form withease. .. .................... 3 i ARGONSAXLE
1207-P12 | TSI g e REEK . 5oty e s B oty ARGONSASHY
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OSCILLATORS AND GENERATORS

In electronics and electrical communica-
tions laboratories, few instruments are as
essential as oscillators. A source of power or
test voltage is a prerequisite to nearly all
types of measurements — impedance, trans-
mission, waveform, sensitivity, and many
others. Since 1919 the General Radio Com-
pany has been supplying laboratory oseil-
lators for this purpose and has always
pioneered in new designs and new circuits.

Functionally, oscillators can be grouped
under the following classifications:

(1) Resonant-circuit (I-C) types — where
the frequency of oscillation is determined by a
tuned circuit having inductive and capacitive
elements.

(2) Beat-frequency types — where the
output frequency is the difference between
the frequencies of two oscillators, one variable
and one fixed. This type permits a wide fre-
quency range to be covered with a single
control.

(3) R-C types (degenerative)—where the
frequency is determined by a filter cireuit
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 — where the
frequency is determined by a vibrating me-
chanical system.

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 wavelorm, fre-
quency stability, or wide frequency range.
While any one of these characteristics, or in
many cases, two, can be achieved, it is not,
in general, economical to combine all four in
a single instrument.

The General Radio Company manufac-
tures all of the functional types listed above,
and the characteristics of available models are
tabulated in convenient form on the next page.

The tuned-L-C oscillator is little used
now for audio-frequency measurement and
testing, because ol the relatively expensive
array of inductors and capacitors necessary
if a wide range of frequency is to be covered.
For audio-frequencies, it has been superseded
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by beat-frequency and R-C types. At radio-
frequencies, however, where tuning can be
accomplished by air capacitors, the L-C cir-
cuit remains the best and most economical
frequency-determining system. General Radio
standard-signal generators use tuned-circuit
oscillators to cover frequency ranges as large
as 10,000:1. The Type 857-A UHF Oscillator
is a tuned-circuit instrument using the butter-
fly circuit as the tuning element.

The first commercial beat-frequency oscil-
lator was produced by General Radio in the
middle 1920’s. As the development of tubes
and circuits has progressed, increasingly
better models have been developed, culmi-
nating in the present Typre 913-C.

The R-C degenerative type is a General
Radio development, covered by a basic
patent, under which other manufacturers
have been licensed. Two models are offered,
the Type 1301-A, whose primary character-
istic is low distortion, and the Type 1302-A
designed for a wide frequency range. The
former finds its greatest use as a test tone
source for distortion measurements, and the
latter as a power source for bridge measure-
ments.

The General Radio Company manufac-
tures 2 number of electro-mechanical oscil-
lators. Quartz-crystal-controlled types, for use
as frequency standards, are listed in the
FREQUENCY section of this catalog, as are
two low-frequency tuning-fork types. Listed
in the following section are two audio-fre-
quency tuning-fork models, the Type 813
and the Tyre 723. These are useful as low-
power sources for continuous operation, as in
modulating beacon transmitters. A micro-
phone hummer, the Typr 572-13, uses a tuned
reed as the frequency stabilizing element, and
is a convenient, low-priced device for building
into bridges and other equipment.

The first commercial standard signal gen-
erator was produced by the General Radio
Company in 1927. Improved designs have
been offered every few years since that time.
At present, two types are listed, the Typrr
805-C, suitable for use as a laboratory stand-
ard, and the new Tyre 1001-A, a versatile,
lower-priced instrument. Both are amplitude
modulated.

The pulse generator, while nominally listed
in the OSCILLATOR section of the catalog,
is primarily a wave-shaping device, requiring
excitation from an external audio oscillator.

GENERAL RADIO COMPANY
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Frequency Maximum Open-Clir- Oulput Harmaonde Power See Page
Type No. Name Class Range Output euil volls Impedance Distortion Supply Number
P Beat-Frequeney . N e s SR GO0 ohms, balanced 0.25% T
913-C Oaciatos Beat-Frequeney 20-20,000 eycles 0.3 watt 25 BE enkaliraad 1% A-C Line 114
Wide-Range Beat- = : 50 eveles to 40 ke -
T00-A Frequency Oscillator Beat-Frequeney YA e s 0.15 watt 10-15 1500 ohms, unbalanced <3% A-C Line 116
s . 20~ 15,000 eps . die 600 ohms, balanced
1301-A {)‘g;ﬁ?; :urtmn R-C Degenerative (27 fixed IllJ?Il ::::::::;:::g 0‘3 or unbalanced 0.19%  A-C Line 118
frequencies) f ; 5000 ohms, unbalanced
10-100.000 40 milliwatts 10 600 ohms, balanced
1302-A Oseillator R-C Degenerative el * 20 milliwatts 5 300 ohms, unbalanced 1% A-C Line 120
oycies S0 milliwatts 20 5000 ohms, unbalanced
857-A U-H-F Oscillator Tuned Cireuit 100-500 Me 0.5 wartt Coaxial Line A-C' Line 122
o " § . 400, 440, or 1000 . e 1 - o =g A-C Line or &
723 Vaeuum-Tube Fork Electro-Mechanical cydies. (3 models) 50 milliwatts 31 max. 50, 500, 5000 ohms 0.5% Batteries 126
813-A Audio-Oseillator Fleetro-Mechanieal 1000 eyeles 30 milliwatts 24 max. 50, 500, 5000 ohms 1% Batteries 127
572-B Microphone Hummer Electro-Mechanical 1000 eyeles, 2109, 15 milliwatts 4.2 max. 10, 300 ohms Batteries 128
Frequency Clutput Output Power See Page
Type No. Name Modulation Range Valts Impedance Supply Number
A-M, 0-100%,: ol e
805-C Standard-Signal Generator internal, 400 and 1000 eycles; 16 ke to 50 Me ﬂ'l, iy ‘_’h 3 fa 7.1 and A-C Line 110
P to 2.0 volts 0.75 ohms
external, 50-15,000 eyeles.
A-M, 0-80%,: 0.1 microvolt 10, 50, and
1001-A Standard-Signal Generator internal 400 eveles; 5 ke to 50 Me 1o 0.2 volts; Eieet A-C Line 112

external, 20-15,000 cycles.

2.0 volts

500 ohms




SIGNAL GENERATORS

TYPE 805-C STANDARD-SIGNAL GENERATOR

USES: The Tyrr S805-C' Standard-Signal Gen-
erator is designed primarily as a precision
laboratory instrument for rapid and aceurate
testing of radio receivers. Because of its
accuracy, wide frequency range, and high
voltage output, it is a valuable instrument for
laboratories engaged in research and design
on radio receivers and allied apparatus, while
its speed and simplicity of operation make it
well adapted to production testing,

DESCRIPTION: [Munctionally this instrument
consists of (1) a earrier-frequeney oscillator,
(2) a tuned radio-frequency amplifier, (3) a
resistive output attenuator and a voltmeter
to read the output level, (4) a modulating
oscillator (100 eveles and 1000 cycles) with
a voltmeter for reading percentage modula-
tion, and (5) a well-regulated power supply.
The oscillator and amplifier assemblies are
virtually identical in construetion, 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 cach assembly. An
eighth coil position is also provided. =o that
an extra set of coils may be installed if de-
sired. The dises arve 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 eircuit through silver-
overlaid contact blades, which firmly engage
silver alloy brushes, mounted on the tuning
capacitor. The contacts are mounted on
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polystyrene strips, insuring both low capaci-
tance and low dielectric losses.

The main tuning capacitors are exeeption-
ally rugged, utilizing the cast frame type of
construetion, with ball-bearing supports for
the rotor. The plates are shaped to give a
logarithmie variation of {requency with angu-
lar rotation. The two capacitors are driven
through .4 set of gears, which also drive the
direct-reading frequency dial.

The output system consistg 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. 1t pro-
vides, in addition to the normal output at
37.5 ohms, outputs reduced by factors of 10
amd 100, with  corresponding  output im-
pedances of 7.1 and 0.75 ohms. A standard
dummy antenna output is also provided.

FEATURES: » Signals of accurately known in-
tensity are provided at the end of a properly
terminated low-impedance cable. Thus the
voltage is known at the point of application
and the necessity for computing lead effects
ix eliminated.

» Radio-frequency leakage and stray fields
are reduced by careful filtering and shielding
to such an extent that measurements can be
made at levels as low as 0.5 microvolt.

» Reaction of the output cireuit on the
arrier frequency is lessened by use of o
tuned amplifier stage. Sideband cutting is
kept at a minimum by heavy damping of the
tuned plate cireuit.

GENERAL RADIO COMPANY



» A precision of setting of 0.019; is obtained
by the use of a gear-reduction vernier drive.
Backlash in the gear trains is kept to a
minimum by automatic take-up springs.

» The elfect of ordinary line-voltage fluctu-

SIGNAL GENERATORS

ations over the range from 105 to 125 (or
210 to 250) volts is eliminated by electronie
stabilizer circuits in the plate power supply
and a ballast tube in the filament supply of
the vacuum-tube voltmeters.

SPECIFICATIONS

Carrier Frequency Range: 16 kiloeyeles to 50 mega-
eveles, 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 to 16 Me, 16 to 50 Me. A spare range
position is provided so that a special set of coils can be
installed if desired.

Frequency Calibration: Lach range is dircet reading
to an accuracy of 1% of the indicated frequencey.
Frequency Drift: Not greater than =0.059% on any
frequeney range for a pericd of 5 hours' continuous
ﬂiu"r:ntil:ll.

Incremental Frequency Dial: A slow-motion vernier
drive dial is provided, by means of which frequency
small us 0.019% may be obtained.

Output Voltage Range: Continuously adjustable from
(.1 microvolt to 2 volts, The output voltage (at the
termination of the 75-ohm output eable) is indicated by
a panel meter and seven-point multiplier.

Output System: The output impedance at the panel
jack is 75 ohms, resistive. A 73-ohm output cable is
provided, together with a termination unit that furnishes
constant output impedances of 37.5, 7.1, and 0.75 ohms.
The ealibration of the panel voltmeter-multiplier comn-
bination is in terms of the actual voltage aecross the
37.9-0hm output, When the 7.1« and 0.75-0hm positions
are used, the indicated output voltage must be divided
by L0 and 100, respectively. 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 attenuastor and voltmeter errors listed below.
Maximum Voltmeter Error: £5% up to 25 mega-

eveles. Above 25 megacyeles

inerements as

an additional frequeney

error occeurs, amounting to £79% at 50 megacycles. At
1 /10 full seale and 50 Me, there is also a transit-time
error of —3%; in the volteter tube.
Maximum Attenuator Error:

Below 3 Me, =379 -+0.1 microvolt)

3 to 10 Me, (5% 0.2 microvolt)

10 to 30 Me, 2 (10%40.4 microvolt)

30 to 50 Me, 4= (15%:+0.5 microvolt )

There is no attenuntor error for the l-volt multiplier
:-'n-!lilu_:.
Modulation: Continuously variable from 0 toe 1007,
The percentage of modulation is indicated by a panel

meter to an accuracy of =109 of the meter reading up

Tupe
805-C

PATENT NOTICE, Sece Note 1, page vi.

AUDIO OSC, MOD. CONTROL MODULATOR

Slundard-Sig-r;l Generator . ..

to 809, for carrier frequencies below 16 Me; +15%, for
higher carrier frequencies,

Internal modulation is available at 400 eyeles and 1000
eyeles, accurate in frequency within 2=5%.

The generator can be modulated by an externul oseil-
lator. Approximately 10 volts aecross 500,000 ohms are
required for 5309, modulation. The over-ull modulation
characteristic is as follows:

Carrier Frequency Awdio Range Level
0.5—50 Me S0Aaa—15,000~ <+ 1dh
0.1—0.5 Mc S0me—=10,000~ 4 1.5 db

16—100 ke H~~—10% of Carrier = 1.5 db

Frequeney

Frequency Modulation: On the highest carrvier fre-
queney range the frequeney modulation is about 0,05%
for 1009, modulation, and 0.029; for 309 modulation.
At lower earrier frequencies the frequency modulution is
less than these percentages.

Distortion and Noise Level: The envelope distortion at
a modulation level of 809 is less than 49, at 1 Me
carrier frequency, Carrier noise level is at least 10 db
below 509% modulation,

Leakage: The magnetic induction leakage iz less than 5
microvolts per meter at o distance of 2 feet from the gen-
erator. The 3-foot output cable permits the receiver
under test to be ]-u'pt ill"\tlt!li this limit. Radiation fields
are negligible,

Power Supply: The instrument operates from any 40 to
G0 eyele, 115-volt (or 230-volt) line. An eleetronic voltage
regulator compensates for line voltage Auctustions from
105 to 125 volts (or from 210 to 250 volts). A maximum
input power of 140 watts is required.

Tubes: Supplied with instrument:

1—608-G 1—0D3 [VR150
3—6L6 1—455

1—57T4 1—61H6

2—2A3 I—Amperite -4
1—681°5

Accessories Supplied: Seven-foot line connector cord,
and shielded output eable and termination unit,

Mounting: The panel is finished in black erackle und the
cabinet is black wrinkle finizh.

Dimensions: (Height) 16 x (width) 33 x (depth) 12
i“f'il{.‘:\. over 'il“.

Net Weight: 117 14 pounds.
ode Word Price

| $1350.00

LEPER
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TYPE 1001-A STANDARD-SIGNAL GENERATOR

USES: The Tyre 1001-A Standard-Signal
Generator is a laboratory instrument for use
in determining the performance of receivers
and other equipment at radio and supersonie
frequencies. Its sturdy construction and sim-
plicity of operation make it also well adapted
for production testing. Because of its small
size, low weight, and low power consumption,
it can be adapted for portable use in field
strength measurements. Among other appli-
cations is its use as a power source for bridges
and other measuring circuits where complete
shielding and a wide frequency range are
required.

DESCRIPTION: The welded aluminum cabinet
of the Tyrr 1001-A Standard-Signal Gener-
ator houses three separate groups of eircuits.
The power supply is at the top, the com-
pletely shielded radio-frequency portion in
the middle, and the modulation and control
circuits at the bottom.

The carrier-frequency oscillator uses a
Hartley circuit and covers in eight ranges the
frequency spectrum from 5 ke to 50 Me. The
plates of the main tuning capacitor are shaped
to give a logarithmie variation of frequency
with angular rotation. The precision of fre-
quency setting, therefore, is constant, and the
vernier dial is calibrated directly in percentage
frequeney 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
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percent. Loose coupling between the oscillator
and the amplifier minimizes incidental fre-
quency modulation. The attenuator system
and the output meter are coupled to the
amplifier through a high-pass filter, which
climinates voltages of modulation frequency
from the output.

The output voltage is determined by estab-
lishing a fixed earrier level at the attenuator
input and by setting two attenuator controls.
The earrier 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 con-
sists of a continuously adjustable l.-network
controlled by the output dial and a six posi-
tion decade ladder-network attenuator.

The modulation circuits inelude a 100-cycle
R-C" oscillator for internal modulation and a
germanium  ervstal rectifier to  determine
modulation percentage. Percentage modula-
tion is read on the same panel meter that
indicates the ecarrier output level.
FEATURES: » The Typr 1001-A Standard-
Signal Generator provides accurately known
output voltages at two output jacks on the
front panel, which are convenient for use at
low frequencies, or at the end of a terminated
cable for higher accuraey at high frequencies.
The termination resistor can be removed for
matching into a 50-ohm system.

» Residual output voltage and leakage are so
low that accurate measurements can be made
on even the most sensitive receivers,

GENERAL RADIO COMPANY



» The use of an aperiodic amplifier as a buffer
and modulator practically eliminates side-
band cutting and reaction of attenuator
setting or of load on carrier frequency.

» Iigh stability and low drift are assured by
the use of ceramic coil forms and tuning
capacitor insulators, and by the low power

SIGNAL GENERATORS

consumption of the complete instrument.

> All critical power-supply voltages are
regulated.

» Simplicity of design and construction has
resulted in an unusually sturdy instrument
of small size and weight, which should give
trouble-free operation for a long time.

SPECIFICATIONS

Carrier-Frequency Range: 5 kiloeyeles to 50 mega-
eyveles covered in eight direct-reading ranges as follows:
5 to 15 ke, 15 to 530 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: The accuracy of calibration
is 41 percent. The dial calibration is logarithmie up to
15 Me, but departs slightly from the logarithmic scale
at higher frequencies,

Inecremental-Frequency Dial: The slow-motion
vernier-drive dial is calibrated to indicate inerements of
0.1 percent of frequency per division up to 15 Me.
Output Voltage Range: The open-cireuit output volt-
age at the attenuator jack is continuously adjustable
from 0.1 microvolt to 200 millivolts. For use at high
frequencies, a 3-foot, 30-ohm concentric cable and
terminating resistor to mateh its characteristic im-
pedance are supplied. When the eable is terminated at
both ends, the output voltage is continuously adjust-
able from 0.05 microvolt to 100 millivolts. The open-
eireuit output voltage at the 2 VOLTS panel jack is meas-
ured directly by the output meter and is 2 volts if the
meter is set to the reference mark. This voltage is avail-
able up to at least 15 Me.

Qutput Impedance:* The output impedance at the
attenuator jack iz 10 ohms (50 ohms when the series
unit is used) except for the highest output position of
the attenuator, where it is 50 ohms.

The output impedance at the end of the terminated
cable is 25 ohms. The output impedance 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 by using the Tyrr
1001-P3 Voltage Divider, not supplied with the instru-
ment, but listed separately below.

An output impedance equivalent to that of the Dummy
Antenna specified in the LR.E, Standards ean be obtained
by using the Tyre 1001-P4 Standard Dummy Antenna,
not supplied with the instrument, but listed separately.

A known induction field for testing loop receivers can
be obtained with the Type 1001-P10 Test Loop, not
supplied with the instrument, but listed separately below.
Accuracy of Output Voltages: The absolute accuracy
of the open-cireuit output voltage at the attenuator jack
is determined by the accuracy of the output meter and
of the decade attenuator. In addition, it varies with
both the output dial setting and the earrier frequency.
At frequencies below 10 Me, when the output dial is set
at about full scale or at about one-tenth full scale, the
output voltage iz correctly indicated to 4= (69 4 0.1 uv).
With the output dial set in the mid-seale region, the
error may be greater or smaller by 4%. At frequencics
above 10 Me, when the output dial is set at about full
*Hee “'Output _S{,'slems' of Signal Generators,” General Radio
Experimenter, \ XXI, Number 1, June, 1946,

seale, the output voltage is correctly indicated to an
acceuracy of ==(10% -+ 0.3 wv) and the error may be as
much as 109, larger or smaller at other output dial
settings.

The aceuracy of the open-circuit output voltage at
the 2 VOLTS panel jack is 439 up to 15 megacyeles.
Amplitude Modulation: Adjustable from zero to 80%.
Modulation percentage is indieated on the panel meter
and is accurate within £109% of the indieated value.

The internal modulation frequency is 400 eyeles per
second 5%,

The external modulation characteristic is flat within
=41 decibel from 20 eyecles to 15 kilocyeles. To provide
509% modulation, the external audio oscillator must
supply 12 volts into a 4000-0hm load (36 milliwatts).
Incidental Frequency Modulation: At 509, ampli-
tude modulation, the incidental frequency modulation
varies from about 10 to 100 parts per million over cach
earrier-frequency range except for the highest frequency
range (15-30 Me) where it may be three times as great.
Envelope Distortion: About 69 at 809, amplitude
modulation.

Noise Level: Carrier Noise Level corresponds to about
0.1% modulation.

Leakage: Stray fields are substantially less than one
microvolt per meter two feet from the generator.
Terminals: Type 874 coaxial terminals are provided for
the attenuator output and for the constant 2-volt output.
Power Supply: 105 to 125 {or 210 to 250) volts, 40 to
60 eyeles. Power input is approximately 65 watts,
Tubes: Supplied with the instrument.

1—6C4 i
1—6L6 2—0C3/VR105
1—6ALS 1 — 6SN7-GT

Accessories Supplied: Tyee 874-IR110 3-foot Coaxial
Cable, Tyre 1001-P1 50-chm Termination Unit, Type
1001-P2 40-0hm Series Unit, Type 874-Q2 Adaptor, Tyre
1001-215 Adjustment Tool, and a power cord.

Other Accessories Available: Not supplied, but avail-
able on order are the Tyre 1001-P3 Voltage Divider, the
Tyre 1001-P4 Dummy Antenna, and the Tyee 1001-P10
Test Loop.

Mounting: The instrument iz assembled on an alum-
inum panel finished in black crackle lnequer and mounted
in an aluminwm eabinet with a black wrinkle finish. The
cabinet is provided with carrving handles, A recessed
compartment is built into the top of the cabinet for
storing the accessories.

Dimensions: (Height) 143§ x (width) 204 x (depth)
10%5 inches over-all.

Net Weight: 52 pounds.

Type Code Word Price
1001-A Standard-Signal Generator . .......... ARGUS $535.00
1001-P3 100:1 Voltage Divider .. ............. ARMOR 15.00
1001-P4 DummyAntenna.................... ARROW 15.00
1001-P10 TaSHLOOP oo wiivosimivmsniam sromsaalizen i ARRAY 30.00

PATENT NOTICE. See Note 1, page vi.

GENERAL RADIO COMPANY
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QUTPYT CONTROL

TYPE 913-C BEAT-FREQUENCY OSCILLATOR

USES: This is a general-purpose beat-fre-
(ueney 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 souree for bridge measure-
ments and for modulating signal generators
and test oscillators. The oscillator ean be
used on  either balanced or unbalanced
svstems.

DESCRIPTION: The Tyre 913-C Beat Ire-
quency  Oscillator utilizes the conventional
beat-frequency oscillator design, but has a
number ol unusual design  features that
contribute to improved performance and case
of operation, T'wo radio-frequency oscillators,
one fixed and one variable, feed a pentagrid
converter. The resulting difference frequency,
after passing through a low-pass filter, is
amplified in a balanced, degenerative ampli-
fier. The output level is controlled by a con-
stant-impedance  attenuator that is cali-
brated in decibels with respeet to an output
of one milliwatt into a 600-ohm line.

For permanent or relay-rack installation,
duplicate output terminals are provided at
the rear of the instrument, through standard
multipoint connectors.

A neon lamp beat indicator is provided to

assist in standardizing the frequencey ecalibra-
tion of the oscillator by setting to zero beat.
The frequency dial earries a logarithmic scale,
and is driven by a slow-motion gear-reduction
drive,

FEATURES: » The output voltage of this
oscillator is practically constant over the
entire frequency range. Because of this fact
and beecause the output control is ealibrated
directly in decibels, it is possible to take
frequency characteristics directly without a
dummy generator resistance and oscillator
voltmeter.

» 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.

» Power-supply hum is reduced to a very
low level by eareful design of the power-
supply filter.

» Good waveform is achieved by means of
careful oscillator ecircuit design in conjunc-
tion with degeneration in the audio amplifier.
» Small size and light weight make the oscil-

lator conveniently portable and contribute
greatly to its general utility.

SPECIFICATIONS

Frequency Range: 20 to 20,000 eycles.

Frequency Control: The main control is engraved from
20 to 20,000 exeles per second and has a true logarithmie
frequency seale. The total seale length is approximately
12 inches. The effective angle of rotation is 240°, or 80°
per deeade of frequency.
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Frequency Calibration: The calibration can be stand-
ardized within 1 evele at any time by setting the instru-
ment to zero beat, The ealibration of the frequency eon-
trol dial can be relied npon within + (19 + 0.5 eyvele)
after the oscillator has been correctly set to zero heat.

GENERAL RADIO COMPANY



Zero Beat Indicator: A neon lamp is used to indicate
zero heat.,

Frequency Stability: Improved design of the oscillator
circuits and the use of highly stable capacitors and
inductors result in an unusually high degree of stability,
The drift from a cold start is less than 7 eyeles in the
first hour and is cssentially completed within two hours.

Qutput Impedance: The output impedance iz 600
ohms, either grounded or . balunced-to-ground, and is
:‘:i.‘r‘rn'l.'\]'l} constunt regardless of the output control
setting. With load impedances of 2000 ohms or less, the
outpit is balanced for all setrings of the output control.
With higher load impedances, unbalance may oeeur at
low settings of the output eontrol.

Output Voltage: Approximately 25 volts open eirenit.
For a matched resistive load the out put voltage varies by
less than 40025 db between 20 and 20,000 eyeles. The
open-cireuit output voltage is approximately 40 volts
with the output switeh in the HIGH position.

QOutput Control: The output eontrol is ealibrated in db
referred to 1 milliwatt into 600 ohms, The total range is
from =15 to —20 db.

Output Power and Waveform: NORMAL output 0.3
watt maximum when operated into a matehed load, with
totul harmonic content approximately 0.259; between
100 and 7500 eveles. Below 100 eveles the harmonie
eontent inereases, and may reach 0.59, at 50 eyeles. A
panel switeh allows an inerease in the output power to
a muximum of 1 watt. For this HIGH position of the
OUTPUT switeh the distortion is less than 19, hetween
100 and 7300 eveles and inereases to 29 at 30 eyveles.
With the OUTPUT control turned fully on, the har-
monie content  is approximately  doubled when the
oscillator iz operated into a very low impedance. If,

Tupe
913-C

PATENT NOTICE. See Notes 1, 25, page vi.

| Beat-Frequency Oscillator . ..

OSCILLATORS

however, the OUTPUT control is turned 3 db or more
below the maximum setting, the load impedance hos
very little effect upon the waveform.

A-C Hum: For NORMAL output the a-¢ hum is less
than 0.19 of the output voltage. Sinee the volume con-
trol is in the output cireuit, the hum percentage does not
inerease for low output voltages. The hum may be
slightly greater on the HIGH output range.
Temperature and Humidity Effects: L.
ambient temperature and humidity necessitate a read-
justment of the zero-beat setting. High temperatures and
humidity eause a slight inerease in distortion and a slight
deerease in output.

Terminals: Jack-top hinding posts with standard %-
inch spacing and standard Western lectric double
output jack are provided on the panel. A standard multi-
point socket and plug provide duplieate output terminals
on the back of the instrument for relay-rack installation.
Mounting: The punel is designed for mounting on a 19-
inch relay rack, but removable wooden ends are supplied
g0 that iv may be used equally well on a table.

Power Supply: 105 to 125 volts, 50 to 60 eyeles a-e. A
simple change in the connections to the power transformer
allows the instrument to be used on 210 to 250 volis. The
total consumpltion is about 100 wautts,

Tubes:

ree changes in

3—68LT7-GT 2
1—6SAT 2
1—5V4-G 1
All are supplied with the instrument.

Accessories Supplied: A seven-foot line connector

cord, and a multipoint connecior.

Dimensions: 1935 x 1414 x 71 inches, over-all.

Net Weight: 41 1% pounds.

HV6-GT
03 /VIR150
G991

Cade Word Price

$450.00

CAROL

OTHER BEAT-FREQUENCY OSCILLATORS
Other types of beat-frequency oscillators are deseribed on pages 116 and 172. Tyeg
700-A (page 116), with an upper frequency limit of 5 Me, is designed for wide-band
measurements. Type 1107-A (page 172) has a linear scale from 0 to 5000 eyeles, and is
used as an interpolation device in frequency measurements,

FIXED OSCILLATOR

VARIABLE OSCILLATOR

GENERAL RADIO COMPANY

PHASE
INVERTER

AMPLIFIER

DEGENERATION
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OSCILLATORS

TYPE 700-A WIDE-RANGE BEAT-FREQUENCY OSCILLATOR

TN A S
SENLRAL RASED CO
P T Y

USES: "T'his oscillator is useful for taking selec-
tivity curves on tuned eircuits over a wide
range of frequencies, for measuring the trans-
mission characteristics of filters, and for test-
ing wide-band systems such as television
amplifiers and coaxial eables. 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-frequency oscil-
lators, one fixed and the other variable, feed
a detector from which the difference fre-
quency 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 box to assure uniform
heat distribution and practically perfect
shielding. Two ranges are provided for by
changing the frequencies of both the oscil-
lators by a factor of one hundred. A single
switch on the panel changes from one range
to the other.

Degeneration is emploved in the amplifier
to minimize hum and distortion, and to
equalize the frequency response. Low-pass
filters are provided to maintain a high ratio
of desired output voltage to beating voltage.
A pentagrid mixer tube and a buffer ampli-
fier are used to isolate the two oscillators
electrically.

FEATURES: » A very wide range of frequen-
cies is covered with a single direct-reading
control dial.

» The frequency variation with dial setting
is approximately logarithmic,

» An incremental frequeney 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 cireuit, which also helps to eliminate
variations caused by line voltage fluctuations.

SPECIFICATIONS

Frequency Range: Two ranges are provided: 50 cycles
to 40 kiloeycles, and 10 kilooyeles to 5 megacyeles.

Frequency Control: The main dial is direct reading in
frequency and earries two approximately logarithmic
frequency seales covering the ranges specified above. A
frequency range switeh is provided for rapidly changing
from one range to the other, There is also an ineremental
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frequeney control whieh is ealibrated between — 100 and
+ 100 eyeles on the low range and —10 and 10 kilo-
eyveles on the high range. Any frequeney change made
with this control adds algebraically to the frequeney of
the main control.

Frequency Calibration: The calibration may be stand-
ardized at any time by setting the instrument to zero

GENERAL RADIO COMPANY



beat with the zero adjustment control, This adjustment
can be made within 3 cyeles on the low range or 500
cyeles on the high range.

After the oscillator has been correctly set to zero beat,
the ealibration of the main frequeney-control dial ean be
relied upon within (2% +5 eycles) on the low range
and == (29, 4800 eyeles) on the high range. The ealibra-
tion of the incremental frequency dial is within 24=5 eycles
or #4500 eyveles on the low and high ranges, respectively.
Frequency Stability: Through careful design adequate
thermau! distribution and ventilation are provided for
minimizing frequency drifts. The oscillator ean be aceu-
ely reset to zero beat at any time, thereby eliminating
errors eaused by any small remaining frequency drift.
Output Impedance: The output is taken from a 1500-
ohm  Ayrton-Perry-wound potentiometer. One output
terminal isg grounded.

Output Voltage: The maximum open-circuit output
voltage of the oscillator is between 10 and 15 volts,
Beeause of the automatic volume control circuit, this
voltage remains constant within 4= 1.5 decibels over each
entire frequency range.

Waveform: The total harmonie content of the open-
cireuit voltage is less than 39 for frequencies above 300
eyeles on the low range and above 30 kiloeyeles on the
high range.

A-C Hum: When the oseillator is operated at any supply
frequency from 40 to 60 eyeles, the power-supply ripple
is less than 19, of the output voltage on either range.

Valtmeter: A vaenum-tube voltmeter eirenit is nsed in
the oscillator for measuring the output voltage. The indi-

Type

OSCILLATORS

cating meter on the panel is calibrated directly in volts at
the output terminals.
Controls: In addition to the main frequency-control dial
and the incremental frequeney 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 *4-inch spacing. The lower terminal
is grounded to the panel and shields.
Mounting: The instrument is normally supplied for
table mounting, but ean be easily adapted for relayv-rack
mounting by removing two walnut frames at the ends of
the panel.
Power Supply: A-C power supply, 103 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 isapproximately 85 watts.

Tubes: The following tubes are used:

2—6J5-GT /G 2—-2516-G'1/G

1—6J7 1—6H6

1—6L7 1—5U4-G

1—Tyre 2LAG-949
All tubes are supplied.

Accessories Supplied: A seven-foot power cord, spare
Tyre 2LAG-949 neon lump, and one Type 274-ND
Shielded Plug.
Dimensions: Panel, {(width) 19 x (height) 104; inches,
over-ull; depth behind panel, 11 inches.
Net Weight: 57 14 pounds.

Cade Waord Price

700-A

PATENT NOTICE. Sec Note 1, page vi.

| Wide-Range Beat—-Fr:;u;cy Oscillator |

ORGAN | $700.(E}_

TYPE 700-P1 VOLTAGE DIVIDER

The Tyrr 700-P1 Voltage Divider extends
the readable range of the output voltmeter-
potentiometer combination of the Tyre 700
Oscillator down to 100 microvolts. The volt-
age divider consists of a ladder-type resistive
network, mounted in a metal container,
which is connected to the oscillator output
by means of a shielded plug and cable.
Multiplying factors of 0.1, 0.01, 0.001, and
0.0001 can be selected.

Measurements on high-gain, wideband sys-
tems are possible because the frequency
characteristic of the divider is flat within
109, for all settings at frequencies up to 5
megacycles.

SPECIFICATIONS

Accuracy: The aceuraey of attenuation is =37,
Impedance: The input impedance iz 2000 ohms; the
output impedance is 200 ohms,

Dimensions: (Height) 4 14 x (diameter) 415 inches.
Net Weight: 115 pounds.

Type

VOLTAGE OIVIDER
RN

Cade Word Price

~ 700-P1

GENERAL RADIO COMPANY

| Voltage Divider |

OTTER [ $50.00
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7 FREQUENDY 1M GYOLES PER BECOHD

4 B 80 16 100
= S

OUTPUT IMPEDANCE

TYPE 1301-A LOW-DISTORTION OSCILLATOR

USES: The Tyrr 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. Beecause of the large number of
frequencies that can be obtained from this
oscillator, it is also satisfactory for measuring
frequency characteristics and for use as a
general-purpose laboratory oscillator.

The output frequencies include those ree-
ommended by the I'CC for distortion
measurements  on  broadeast transmitters.
This oscillator is thus ideal for use with the
Tyre 1932-A Distortion and Noise Meter for
rapid distortion meagurements.

The unusually pure waveform delivered by
this oscillator at low Irequencies makes dis-
tortion measurements possible at consider-
ably lower frequencies than has hitherto
been practicable.

DESCRIPTION: The oscillator is of the resist-
ance-tuned type and operates on the inverse
feedback principle developed by the General
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 is obtained by means of a
parallel-T network including mica capacitors
and wire-wound resistors. The regenerative

network includes an automatic 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 switch
selects the output impedance. A control is
provided for adjusting the output voltage.

FEATURES: » Low distortion and a high
degree of frequency stability are the important
features of this instrument.

> Instant selection of any one of 27 fre-
quencies from 20 to 15,000 eyeles per second
can be made by means of the convenient
push-button control.

» External resistors can be plugged into jacks
in the instrument, thus making possible oper-
ation at any frequeney within the normal
operafing range. In addition, satisfactory
operation can be obtained at [requencies
outside of this range and as low as 2 cyeles
per second, at some sacrifice in purity of
wavelorm.

» An external range-extension unit, the Tyre
1301-P1, is available which plugs into the
oscillator and provides a multiplying factor
of 0.1 for all frequencics. The frequeney
range is thus extended downward by a full
decade to cover from 2 to 15 eycles per
second.

SPECIFICATIONS

Frequency Range: 27 fixed frequencies between 20 and
15,000 eveles.

Frequency Control: The [requency is controlled by
two push-button switches. The first provides frequencies
of 20, 25, 30, 40, 50, 60, 75, 100, and 150 eyeles, while the
second multiplies these frequencies by 1, 10, and 100, The
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frequencies ineluded cover practieally the entire andible
range in approximately logarithmie increments.

The Tyrr 1301-P1 Range Extension Unit i available
to provide a multiplying factor of 0.1 (see price list on
next page.) This range extension unit plugs direetly into
jacks provided inside the oscillator.

GENERAL RADIO COMPANY



Frequency Calibration: Each instrument is adjusted
within 2= (1% + 0.1 cycle).

Frequency Stability: The internal voltage regulator
eliminates frequency changes resulting from changes in
plate supply. Changes in load have no effect upon the
frequency. The frequeney drift is not greater than 0.029
per hour after the first 10 minutes of operation.
Output Impedance: Three output eircuits are provided.
Selection among them is obtained by means of a push-
button switch on the panel. The output impedances are
as follows:

. 600-ohm balanced to ground

600-ohm unbalanced.

3. 5000-0hm unbalanced.

bo =

The volume control is a4 potentiometer in the 5000-0hm
cireuit. The actual output impedance of the 5000-ohm
cireuit will vary between 1000 and 6000 ohms, depending
upon the setting of the volume control. Suitable resistance
pads keep the impedance of the 600-ochm output circuit
essentially constant, regardless of the volume control
getting., The GOU-ohm balanced output eiveuit is balanced
at all frequencies when operating into a balaneed load of
any impedance.

Output Power: 18 milliwatts into 600-ohm load, or 6.6
volts open eireuit; 100 milliwatts into 3000-chm load, or
30 volts open circuit. The output voltage, for cither im-
pedance position, will remain constant within 41 db
throughout the frequency range.
Waveform Distortion:
5000-ohm output: — Not more than 0.19% between
40-7500 ey cles,
Not more than 0.15% at other
frequencies.
600-0hm output: — Not more than 0.1% hetween
40-7500 eyeles.
Not more than 0.25% between
20-40 eyeles,

OSCILLATORS

Temperature and Humidity Effects: The operation
of the instrument is substantially independent of elimatic
changes in temperature and humidity. Under extremely
high temperature and humidity the two highest fre-
quencies may be affected somewhat during the warnm-up
period of the instrument.
Power Supply: 105 to 125 (or 210 to 230) volts, 25 to 60
eveles ae, The total power consumption is approximately
45 watts,
Tubes:

1—6Y6-G
1—68J7
1—6SK7
1—GSQ)7
I—NE-17
I—6X5
1 —6B4-G
1 —65L7-GT
1—O0D3 J[VR150
Terminals: Jack-top bhinding posts with standard 24-
inch spacing and standard Western  Electrie  double
vutput jaek are provided on the panel. A ground ter-
minal is also provided. A standard multipoint conneetor
provides duplicate output terminals on the rear of the
instrument for relay-rack installation, These terminals
are disconnected when a plug is inserted in the Western
Electrie-type panel jack.
Accessories Supplied: Line connector cord, and multi-
point connector,

Mounting: The instrument iz relay-rack monnted.
Wilnut end frames are available to adapt the instru-
ment for table mounting., (See price list below, )

Panel Finishes: Standard General Radio black erackle.
Certain standard grays which can be processed in quan-
tity ean be supplied at a price inerease of $11.00.

Dimensions: Puncl (length) 19 x (height) 7 inches;

Not more than 01560 ahove depth behind panel, 12 inches,
7500 exeles. Net Weight: 311% pounds.
Type Code Word Price
1301-A Low-Distortion Oscillator . . .......... OZONI $395.00
1301-P1 Range Extension Unit (2 to 15 c.p.s.) OVATE 70.00

ZFRI-412-P1

PATENT NOTICE. See Note U, page vi,
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OSCILLATORS

TYPE 1302-A OSCILLATOR

USES: The Tyrr 1302-A Oscillator has been
designed as a convenient source of power for
bridges and other networks especially where
the frequency range needed extends beyvond
the normal limit of audio oscillators into the
supersonic range. The entire audio spectrum
is covered down to 10 eveles and the upper
frequency limit of 100,000 ¢yeles 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 resist-
ance-tuned oscillator employing the inverse
feedback prineciple. The frequency-determin-
ing network uses a Wien bridge eireuit, 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, with
a non-linear resistance inserted in one arm
of the bridge. A bulfer amplifier is inserted
ahead of the output level control to minimize
reaction on the oscillator frequency.

The output amplifier is arranged to provide
balaneced-to-ground output for 600-ohm loads
as well as unbalanced output for 300- or

5000-ohm loads. The cireuit design is such
that considerable variations in load values
from these nominal outputs can be tolerated
without appreciably inereasing the distortion.
The output terminals are arranged so that a
completely shielded coaxial connection can
be made.

FEATURES: » The wide frequency range, ex-
tending from 10 eveles to 100,000 eveles, is
an important feature of the Tyrr 1302-A
Oscillator,

» 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,

» Coaxial shielded output terminals are avail-
able for use in bridge measurements and
other applications where stray fields are un-
desirable.

» Internal voltage regulation in the power
supply removes effects of line-voltage tran-
sients and allows the instrument to operate
from a wide range of supply voltages.

SPECIFICATIONS

Frequency Range: 10 to 100,000 eveles, in four ranges.
Each range covers a decade (10-100 exeles, 100-1000
eyveles, 1000-10,000 exeles, and 10,000-100,000 cyeles)
continuously variakle,
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Frequency Control: The main control dial is engraved
from 10 to 100 eyeles over o seale length of approxi-
mately 824 inches. Four multiplier switches multiply the
seale frequencies by 1, 10, 100, or 1000.

GENERAL RADIO COMPANY



Frequency Calibration: Fach instrument is adjusted
within == (1169 + 0.2 eyvele).

Frequency Stability: The warm-up drift is less than
19, in the first ten minutes and is less than 0.29; per
hour thereafter.

Output Impedance: T'wo output cireuits are provided,
balaneed 600 ohms and unbalanced 5000 ohins,

The internal impedance of the 600-ohm output is
constant at 550 ohms unless the LOW output terminal
is conneeted to ground by means of the strap provided
on 1'|u_- 1»:1::1'1. '|']:v ot put imjwii::lu'v is then Il:ll\'l.’d :lml
the output is unbalanced to ground.

The 3000-ohm output position is intended for 5000-
ohm loads, unbalanced to ground, although the effective
internal impedance of the oscillator averages about 400
ohms in this position.

Output Voltage: Approximately 20 volts open cirenit
on 5000-ohm output, and 10 velts open cirenit on 600-
ohm output. The output voltage is constant within
=+ 1.0 db over the entire frequeney range.

Output Power: A maximum power output of 80 milli-
watts ean be obtained into an unbalanced 5000-0hm
lond, A maximum of 40 milliwatts ean be obtained into
a balaneed-to-ground 600-ohm load (20 milliwatts into
an unbalaneed 300-olhm load ).

Waveform: Huarmonie content is less than 19 for all
output values and at all frequencies within its range.

’)"H;J»-

1302-A
ZFRI-412-P1

PATENT NOTICE. See Notes 1, 9, and 25, page vi.
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A-C Hum: 50008 output, 24 millivolts, maximum,
GOOS? output, 12 millivolts, maximum,
Terminals: Juck-top bhinding posts with standard
d4-inch spacing and standard General Radio Tyre 774
couxial terminals are provided on the panel. The separate
ground terminal has a strap which can be used to ground
the LOW output terminal,
Mounting: The instrument is normally supplied for
l'l.'lu_\'-t‘:lt‘]i Jlmlllllill!_',. but ean be l-usi]_\' ;1Ii:l[11l'f! for I:l'l]l}
mounting by the addition of two walnut frames at the
ends of the ]r:l::rl \see }‘r'if't' list below ).
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
60 eyveles.

Total power consumption is ahout 90 watts,
Tubes: The following tubes are used and are all supplied
with the instrument.

2—G68 L7-G"1 1—6V6
2—6B4-G 1—6J5
I—GAKG 1—aV4-(
1—616 1-—0D3; VR150

Accessories Supplied: A line conncetor cord, coaxiul
output connector, Tyer 274-M Plug, and multipoint
connector.

Dimensions: (Length) 1924 x (height) 715 x (depth)
14 Y3 inches, over-all.

Net Weight: 30 pounds.

Code Waord Price

$365.00
16.50 Pair

FINAL
ENDFRAMDIG |

The Tyre 700-A Wide-Range Beat-Fre-
quency Oscillator, deseribed on page 116,
has a frequency range extending from 50
['_\'['l('.“i to -5 I'Il('l‘_’::l.(’_\'(’h'\“.

The Tyre 1207-A Unit Oscillator, de-
seribed on page 106, is a small and conven-
ient instrument which uses a conventional

OTHER WIDE-RANGE OSCILLATORS

Hartley circuit to cover a wide frequency
range with several plug-in coils. Three fixed
audio frequencies are available in addition
to seven continuously tunable ranges which
completely cover the range from 70 kilo-
cycles to 80 megacycles.

Schematie cireuit diagram of the Tyrg 1302-A Oseillator.
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OSCILLATORS

TYPE 857-A U-H-F OSCILLATOR
100 Mc to 500 Mc

USES: The Tyrr 857-A U-I-I" Oscillator is
a power source for measurements and testing
in the frequeney range between 100 Me and
500 Me,

DESCRIPTION: The oscillator consists of a
butterfly-type tuned ecireuit and a W, E.
316-A Vacuum Tube, enclosed in a metal
housing that provides a moderate amount of
shielding. The a-¢ power-supply unit is in
a separate cabinet,

Output is obtained at a coaxial jack on the
side of the cabinet. Output coupling is in-
ductive and can be varied continuously from
maximum to practically zero.

The main dial is calibrated directly in meg-
acveles, The vernier dial earries 100 uniform
divisions and covers the tuning range in
about 10 revolutions. An auxiliary seale
indicates revolutions of the slow-motion dial.

Iilament and plate power are supplied by

the Tyri 857-P1 Power Supply. A 3-con-
ductor shielded cord of 6-foot length, per-
manently connected to the oscillator, plugs
into the power supply unit.,

FEATURES: » A moderate amount of power
is delivered by the Tyre 857-A U-11-I" Oscil-
lator over a wide frequency range.

» Single-dial frequency control, with a slow-
motion drive, makes it possible to vary the
oscillator frequeney in small inerements.

» Output fluctuations from erratic cleetrical
contact are eliminated by the use of the
butterfly ecircuit as a frequency-determining
element, since no eleetrical connections to
the rotor are needed.

» Backlash is extremely low. and the insu-
lated rotor shaft is mounted in ball bearings.
» The entire assembly is small, compuaet,
and light in weight.

SPECIFICATIONS

Frequency Range: 100 Me to 500 Me,
Frequency Calibration: The frequency dial reads
direetly in megaeyveles with an aceuracy of £19%. Re-

placement of the vacuum tube may eanse a shift in the
calibration. A trimmer eapaecitor is provided to eompen-
sate for variations in tube capacitance.
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OSCILLATORS

Qutput Power: The oscillator will deliver a maximum
of approximately 0.5 watt at the highest frequeney. At
lower frequencies, the output increases.

Output Coupling: By rotating the output jack, the
orientation of the small output coupling loop can be
varied (rom zero to maximum coupling. By serewing the
jack in or out, the spacing between Lhe oscillator tuned
cirenit and the loop can be adjusted in addition. The
ot pt terminal is o coaxial ]:llt[:.

Output Impedance: The output system, with its
.'Lli,ill:-il:l'!'ni\' i'HIJ|rliJl1_’,, = Zld-'l[.'lrl’(i for se with t'u:lxiill
lines. Maximum power ean be delivered to load imped- f
ances in the range normally encountered in coaxial ¢

SVSTems.,

Power Supply: Filwment and plate power is furnished by \“_'\-

the Tyrre 857-1°1 Power Supply, which is mounted in a

separate eabinet with connecting cord and plug. The .
-

plate voltage supplied by this unit is fixed at the maxi-
mum value for sale operation of the tube. [Loperates [rom
a 1056- to 125-volt (or 210- to 250-volt) a-¢ line, 40 to GO
eveles, The power input is about 60 watts,

Oscillation Indicator: An electron-rav tube is provided
in the Typr 8537-P1 Power Supply to indicate grid eur-
rent and thus furnish an indieation of oscillation.
Tubes: 316-A (oscillator); 61535, 3Y3-GT (power supply ).
All are supplied.

Accessories Supplied: A line connector cord for power
supply and a Tyere 774-M Cable Jack for the coaxial
outpat of the vseillator are .-su;r;\!i (

Mounting: Both escillator and the power supply unit
are mounted in metal enbinets,

Dimensions: Oscillator, 67 x 73 x 714 inches, over-all;
power supply, 51l x 63g x 674 inches, over-all,

| eivenit of the Tyee 857-A Oseilla
he output coupling loop and sutpuat
pounds, jack in approximately their norm:

View of the tune
Net Weight: Oscillator, 61 pounds; power supply, 914 tor, showing also

il 1Bl sition.

Type Cade Waord Price

857-A | U-H-F Oscillator (with Power Supply) | OFTEN $285.00

PATENT NOTICE., See Note 10, page vi.

OUTPUT
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TYPE 8 69-A PULSE GENERATOR

USES: The pulse generator is intended for use
in tests on eireuits designed to pass short elec-
trical pulses. It generates pulses of cither posi-
tive or negative polarity, whose width can be
set to any value between 0.3 and 70 micro-
seconds and whose repetition rate can be con-
trolled between 20 and 4000 cyeles per second
from an external a-¢ source. Complete shield-
ing of the entire instrument makes it useful
for pulsing standard-signal generators and
similar apparatus, where extremely low volt-
age levels are encountered.

DESCRIPTION: The microsecond pulses are

generated in an output amplifier stage by
driving the control grid between the limits
of plate-current cutoff and plate-current
saturation. Either positive or negative output
pulses are provided by switching the load
resistance into the eathode or plate circuit.
The amplitude of the pulse is continuously
adjustable by means of a screen voltage
control. A negative bias voltage applied to
the grid of this tube maintains the tube in
a cutoff condition between pulses. During
the pulse period a high positive bias is applied
to the grid.

The positive pulse, used to control the
output amplifier, is derived from a cireuit

124

employing two gas-triodes. The output ampli-
fier grid is coupled fto the center point of
these series-connected gas-triodes which are,
in turn, placed across a capacitor. A positive
d-¢ potential is developed across the capacitor
ferminals by charging it from the power
supply through a suitable series resistance.
When the first gas-triode becomes conduet-
ing, the positive capacitor voltage appears
across both the output amplifier grid and the
other gas-triode. Conduection in the second
gas-triode removes the positive voltage from
the amplifier grid. Simultaneously, the two
gas-triodes now present a low-impedance path
across the capacitor and discharge it. When
the capacitor terminal voltage falls below a
eritical value, both gas-triodes deionize and
resume their normal non-conducting state.
The capacitor then recharges through the
series resistor and the circuit is ready for a
second pulse operation.
FEATURES: » A continuous range of adjust-
ment on pulse width is obtained by using
variable circuit elements in the simple R-C
cireuit that controls the time delay between
the conduction periods of the two gas-triodes.
» An output voltage is provided for control-
ling a high-speed sweep circuit.

GENERAL RADIO COMPANY



» A limited phase adjustment is provided
between the output and the internal syn-
chronizing amplifier. This permits adjustment
of the timing of the pulse with respect to
the high-speed sweep circuit of an external
ll.“l'i“ll.‘*('(!}ll'.

» The timing of the pulse and the sweep

OSCILLATORS

circuit can be maintained within a fraction
of a microsecond, even at the lowest repeti-
tion rates, by means of the synchronizing
circuit, which has a }Li;:h tf{‘;:l‘i_'(’ ol control.
This condition if
pulses are to be visible elearly on cathode-ray

is microsecond

necessary

screens.

SPECIFICATIONS

Repetition Rate: 20 to 4000 eycles. Pulses longer than
10 microseconds are limited to a maximum frequency of
1000 eveles.

Input Voltage: Between 5 and 10 volts are required for
normal control. For improved stability at the lowest fre-
quencies, this may be inereased to a maximum of 30 volts,
Input Voltage Waveform : This is not eritical, and may
vary from a sine wave to a triangular wave, Care must
be taken, however, to keep this signal reasonably free
from power gupply hum voltage.
Synchronizing OQutput: A clipped
imately 160 and +50 peak volts appears across the
synehronizing output terminals, This may be used to
control the high-speed sweep cireuit of an oscillograph

sine wave of approx-

that has been provided with suitable triggering amplifiers.
Pulse Amplitude Control: A panel control permits the
pulse amplitude to be adjusted from zero to maximum,
gible effect upon the pulse waveform,

with a neg
Pulse Waveform: The pulse is essentially flat-topped,
and has an effective rise time of 0.1 microsecond for pulse
widths less than 10 microseconds. For longer pulses, the
rise time is less than 109 of the pulse width.

Output Selector: A panel switch permits any one of four
impedances to be inserted in the output amplifier, and
alzo provides either positive or negative pulses,

Pulse Widths: The output pulse is continuously adjust-
able over three ranges. These are 0.3-3.0, 3-10, and 10-70
microseconds, respectively. The ealibration of these con-

trols is approximately correct over the entire frequency
range.

Output Amplitude: See table bhelow,

Phasing Controls: Panel
permit adjustable phasing of the output pulse over a
limited range, with respect to the voltage obtained at
the H}'I](']ll'l“li'}‘;i“‘.{ output terminals.

Power Supply: 115 (or 230) volts, 50-60 cycles. A varia-
tion of =107 in the supply voltage will eause 8 minor
varintion in the output pulse amplitude, and will gener-
:||[}' tend to change the |>Li].-‘l- width. For n:}-lilul:lu per-
the 115- or 230-volt value is
recommended. Power input is 60 watts,

Accessories Required: To drive the generator an a-e
source i8 needed. The General Radio Type 913-C Beat-

controls are provided to

formanee, operation at

Frequeney Oscillator is recommended.

Accessories SLIpplied: A seven-foot line eonnector cord
and one Tyre 774-R2 Pateh Cord are supplied.

Tubes Supplied with Instrument:

2—6H6 2—884

1—6ACT 1—6SCT

1—6X5 1—6AYS

1—0D3 /VR150 1—00C3 105

1 —O6SNT7-GT 1—6LG
Mcunting: Metal enbinet,
Dimensions: (Length) 19 x (height) 934 x (depth) 1214
inches, over-all,

Net Weight: 29 pounds.

PEAK OUTPUT VOLTS — OPEN CIRCUIT

‘“”'f"'_" Positive Vegative
Polarity d | Crperating
Ouil puet - " m l 1 & | Frequency®
ks 20 K2 1000 €2 a00 €2 100 £2 100 €2 H00 £ | 1000 Q 20 K2 -
Settengg |
Runge A a0 S0 70 20 | 18 S0 ‘ 150 300 500 wm
Range B 100 a0 st 20 1= 1] 170 300 500 wn
Runge C 100 S0 S0 20 | Is 90 : 1=0 300 | S00 e~

"I

outpm

voltages will be within appr
1¢ pulse width and operat

her operating frequencies, the
age will tend to decrease a

1 Wpe

imately 20°
12 frequency increase

of the values given above, In general, the open eireuit

Code Word Price

869-A | Pulse Generator ..

OFFERENTIAL AMPLIFIERS

CONTROL

PULSE RANGE =
SwircH

GENERAL RADIO COMPANY

$330.00

OLIVE |

PLLSE
CENERATING TUBES

QUTRUT POLARITY 8
IMFEDANCE SWITCH

—® ouTPuT
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OSCILLATORS

TYPE 723 VACUUM-TUBE FORK

USES: The Tyrr 723 Vacuum-Tube Fork is
a compact, stable, fixed-frequency oseillator.
It is |):11‘li('111:n'l_\' useful as a I'm_ullll;llill_f_{
source for standard-signal generators and
beacon transmitters, as a power source for
impedance  bridges and  for transmission
measurements on lines and eables, and as a
test-tone generator for communication sys-

tems. Its waveform is sufficiently pure to
permit its use as a test-signal source for many
types of distortion measurements. It is an
excellent source of timing pulses for oscillo-
grams, The 440-eyele model is a source
pitched at International “A."

DESCRIPTION: This instrument is an electro-
mechanieal oseillator whose frequency is de-
termined by a vacuum-tube driven tuning
fork. The driving and pickup coils are so
arranged as to load the tines of the fork
equally and to allect only slightly its free
vibration,

Space is provided in the cabinet for mount-
ing batteries or an a-¢ power-supply unit.
(Sce price list on next page.)

FEATURES: » [xcellent accuracy and stabil-
ity of frequency are the outstanding features
of this oscillator.

» Low harmonie content is obtained by the
use of a filter, and an output transformer
is used to provide three output impedances.
» A-c operation and constant output make
this fork especially valuable where long
periods of operation are necessary.

SPECIFICATIONS

Frequencies: Three frequencies are available, 400, 440,
and 1000 ey eles.

Frequency Stability: T'he temperature coefficient of
frequency is approximately —0,008% per degree Fahren-
heit. The frequency is entirely independent of load
impedanee, When the a-e power supply is used an initial
downward drift of |II'I"{|I.I'H1'I\' oeeurs as the temperature
of the fork is affected by heat generated in the power-
supply nnit, The total frequency drift is of the order of
0159 to 0,25, Maost of this dreift, howoever, oceursin the
first 30 minutes of operation,

The voltage coefficient of frequency is negligible over
the normal range of battery or a-c =upply voltages.
Accuracy: The stabilized frequency is adjusted to
within £0.05% of its specified value, at a room ambient
of 77° Fahrenheit.

OQutput: The output to o matched load i approximately
50 milliwatts,

Internal Output Impedance: Output impedances of
a0, H00, and 5000 ohms are provided.

FILTER -

DEGENERATION

126
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TRANSFORMER

Waveform and Hum Level: The total harmonie con-
tent is less than 0.59,. The hum is negligible.

Terminals: Binding posts {or the output cireuit are
mounted on the panel. Battery terminals are brought out
to sunken gerew heads on the punel to ]'1'i'llli1 measure-
ment of the battery voltages,

Power Supply: The instrument is available for ecither
hattery operation or for operation from 103- to 125-volt
40- to 60-cycle line. For battery operation ane Durgess
AI'H (1 Va=volr) and two Hurgess Z30N X (45-valt) are
required, The batteries and n-¢ power supply are inter-
changenble, The power supply, Tyre 723-P1, is available
sepurately. (See price list,) The ON-OFF switch is
arranged to control the a-v line or the hattery current.

Vacuum Tubes:
For battery supply: 1 —1A5-GT/G
For a-¢ supply: 1—1A3-GT /G
1—00C3/VR105

The necessary tubes are supplied,

Sehematie wiring dingram of

Tyre 723 Vacuum-Tube Fork.
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Accessories Supplied: A seven-foot line connector cord
is supplied with the a-c operated model.

Mounting: The oscillator assembly is mounted on a
phenolie panel and is enclosed in a walnut cabinet.

OSCILLATORS

Dimensions: (Length) 1034 x (width) 6% x (height)
734 inches, over-all.

Net Weight: 11} pounds, including batteries; 914
pounds, with a-¢ supply; a-¢ power supply alone, 14
pounds.

Tipe Frequency Power Supply® Conde Word Price
723-A 1000 cycles Batteries SNAKE | $115.00
723-C 1000 cycles 105 to 125 volts, SOLID 140.00

40 to 60 cycles
723-E 440 cycles Batteries SOBER 125.00
723-F 440 cycles 105 to 125 volts, STUDY 150.00
40 to 60 cycles
723-B 400 cycles Batteries STORY 115.00
723-D 400 cycles 105 to 125 volts, SULKY 140.00
40 to 60 cycles
723-P1 A-C Operated Power Supply Only . ... SNAKEYPACK 40.00
723-P2 Set of Replacement Batteries . ....... | SNAKEYBATT 5.39

*Included in price.

TYPE 813-A AUDIO OSCILLATOR

USES: The Tyrre 813-A Audio Oscillator is
intended for the same general applications as
the Typre 723 Vacuum-Tube Fork, but where
the requirements of waveform, stability, and
output are not s0 severe.

DESCRIPTION: This instrument is a battery-
operated electro-mechanical oscillator in
which the frequency is determined by a
tuning fork. Two microphone buttons, one
for the driving circuit and one for the output
circuit, are mounted at the side of the fork
in such a manner as to load the tines equally
and to affect only slightly the free vibration
of the fork. .

The fork itself is mounted rigidly at the
heel beneath a metal base panel, which earries
the driving electromagnet. This base panel is
suspended from the phenolic panel with four
resilient mountings.

A filter and output transformer are placed
inside the cabinet underneath the fork. A
battery compartment is also provided al-
though external batteries may be used, if
desired.

Schematie wiring diagram of Tyre 513-A Audio Oseillutor

FILTER
AND
TPUT

ou
TRANSFORMER

GENERAL RADIO COMPANY

FEATURES: Good waveform and frequency
stability are among the features of this con-
venient tuning-fork oscillator. The mechan-
ical construction is rugged and the fork is
protected from dirt and external injury.

SPECIFICATIONS

Frequency: 1000 cycles.

Frequency Stability: The temperature coefficient of fre-
quency is —0.008% per degree Fahrenheit, The voltage
coefficient is less than 0.01% per volt. The frequency is
entively independent of load impedance.

Accuracy: The frequency is adjusted within 0.5% of its
specified value. The actual frequeney is measured, at a
stated temperature between 70 and 80 degrees IPuhiren-
heit, and recorded on the base of the cabinet to an
acenracy of 0.19.

OQutput: The output to a matched load impedance is 20
to 30 milliwatts with G-volt drive and 10 1o 15 milliwatts
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with 4Y-volt drive. When the oscillator is operated
continuously for seversl hours, the output may drop
helow these values.,

Internal Output Impedance: Output impedances of
50, 500, and 5000 ohms are provided.

Waveform: The total harmonie content is approximately
0.757 with 4 a-volt drive and approximately 19 with
G-volt drive,

Power Supply: For intermittent operation with a moder-
ate power output, an internal 4 la-volt battery ean be

T].Fjr!' f“i'i'q ueney

used. For greater output or eontinuous operation,
an external battery of 44 to 6 volts should be used.
Batteries are not supplied.

Terminals: Binding posts for external butteries, if used,
and for the output ecircuit are provided on the panel.
Mounting: The fork is suspended from a metal plate on
a phenolic panel and is enclosed in a walnut eabinet.
Dimensions: (Length) 9 x (width) 3 x (height ) 6 inches,
over-all.

Net Weight: 814 pounds,

Code Waord Price

813-A | 1000 cycles

$70.00

ANGEL |

TYPE 572-B MICROPHONE HUMMER

USES: The hummer is intended for use as a
low-power a-¢ source for bridge and other
measurements where extreme purity of wave-
form and frequency stability are not essential.
This type of oscillator is used in the Tyre
650-A Impedance Bridge as the 1000-cycle
internal generator.

DESCRIPTION: \ tuned reed determines the
frequency of this electro-mechanical oscil-
lator. A microphone button is mounted near
the reed to pick up energy for continuing
the oscillations,

FEATURES: The Tyer 572-B Microphone
Hummer is extremely compact, convenient,
simple to use, and inexpensive.

SPECIFICATIONS
Frequency: 1000 eyeles 4109,
Output Power: Approximately 15 milliwatts with
4 '-‘_»-\'nlf drive.
Internal Output Impedance: Two impedances are
available, 10 or 300 ohms.

Waveform: In this type of oseillator, distortion varies
considerably with mechanical adjustment, driving volt-

Tupe

apge, and other n||i-r:rtinu parameters. Consequently, no
definite specifieations can be given.

Power Supply: The hummer is designed to operate from
a4 a-volt battery. A G-volt drive ean be used if more
power is desired.

Terminals: Soldering lugs are provided,

Mounting: A cast-aluminum mounting base is used.
(See photograph, )

Dimensions: (Length) 31y x (width) 215 x (height) 13¢
illl'}ll'r‘_ over-all.

Net Weight: 9 ounces.

Code Word Priee

572-B | Microphone Hummer .......

........ | APHIS I

$12.50

LOW-FREQUENCY TUNING-FORK OSCILLATORS

suitable for use as frequency standards are deseribed on pages 191 to 193.
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WAVEFORM

TYPE

736-A

WAVE

ANALYZER

USES: The wave analyzer is used to measure
the amplitude and frequeney of the compo-
nents of a complex electrical waveform. These
include not only the components of harmonic
distortion, but also those of intermodulation
distortion, noise, and hum.

Specific uses of the Tyre 736-A Wave
Analyzer include the measurement of dis-
tortion components in audio-frequency equip-
ment, broadeast receivers and transmitters,
telephone  systems, public address equip-
ment, oscillators, amplifiers, and vacuum-
tube circuits in general; harmonic studies on
electric power systems and electrical ma-
chinery; hum measurement in a-c¢ operated
communication equipment; noise analysis;
and induction studies on telephone lines.
As a sharply tuned voltmeter, it is invaluable
in the measurement of the transmission
characteristics of electric wave filters.

DESCRIPTION: The Tyrre 736-A Wave Ana-
lyzer is a heterodyne type of vacuum-tube
voltmeter, The intermediate-lrequency ampli-
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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  fixed-
frequency filter.

The output of the loeal 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 loeal oseillator carrier frequency is sup-
pressed in the output beeause of the two-tube
balanced modulator employed.

The 50-kilocyele 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
adjustable gain control of the amplifier makes
it possible to measure a wide range of voltages.

GENERAL RADIO COMPANY



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 seale — can be accommo-
dated directly.

» Self-contained calibrating svstems make it
possible to standardize the voltage and tre-
quency calibrations easily at any time,

> The input impedance is constant at |
mezohm, but a built-<in 100,000-0hm poten-
tiometer is provided as an alternate input
system where absolute voltage levels need
not be determined.

» [xternal magnetie fields cause no trouble
because the balanced modulator is fed by
a phase inverter tube, rather than by a
transformer.

WAVEFORM

Transmission characteristic of the crystal filter in the
Tyre 736-A Wave Analyvzoer.

» Humidity effects are minimized by hermet-
ically sealing all critical parts including the
erystals.

SPECIFICATIONS

Frequency Range: 20 to 16,000 exe

Selectivity: Approximately 4 eyeles “flat top” band
width. The response is down 15 db at 5 eveles, 30 db at
10 exeles, GO db at 30 cyeles from the peak. The selee-
tivity is constant over the frequency range.

Voltage Range: 300 microvolts to 300 volts full seale,
The lowest division on the meter corresponds to 10 uv,
The over-all range is divided into four major ranges:
SO0 v to 300 mv, 3mv tod v, 30mv to 30 v, 0.3 v to 300 v,
Fach of these ranges is divided into seven scale rangoes;
for example, the 0.3 v 1o 300 v range has the following
full-seale ranges: 0.3 v, 1 v, 3 v, 10 v, 30 v, 100 v, 300 v,
A direct-reading deeibel seale is also provided.

Voltage Accuracy: Within 3% on all ranges. Spurious
voltages from higher order modulation produets intro-
duced by the detector are suppressed by at least 70 db,
Hum is suppressed by at least 75 dh.

Input Impedance: Oue megohin when used for direet
\'|||'|.'J'..'l' mensurements. \\ !ll'|l 1[:“('1' \\'iTh !lll' i['li]!IT Ppoten=-
tiometer it is approximately 100,000 shims.

Type

Accuracy of Frequency Calibration: (29, - 1
[’_\'l‘]{‘ ),

Vacuum Tubes Required:

3—606 1

2—6K6-GT /G 1

3—6J7 1—6F5-G°1 /G

1—iGBs 3—Tyre 2LAG-949 ncon lamps

These are supplied with the instrument.

Power Supply: A-C'line, 105 1o 125 volrs, 40 to 60 eyeles
A change in the power rransformer couneetion permit
the use of 210 to 250 volts, 40 to G0 eveles. A voltage
stahilizing circuit is included. Power input is about 67
wialts,

Accessories Supplied: Spare neon lamp, one Tyrer
274-NE Shielded Connector, and a line connector cord.
Mounting : Shielded oak cabinet,

Dimensions: (Width) 1915 x (height) 2515 x (depth)
1074 inches, over-all,

Net Weight: 5613 pounds.

Code Ward Price

_;36-A | Wave Analyzer

PATENT NOTICE, See Notea 19, 27, page vi,

$920.00

ASKEW ‘

The Tyrre 760-A Sound Analyzer and the Tyrr 762-13 Vibration Analvzer, analvzers
having a constant percentage band width, and designed primarily for sound and vibra-
tion analyses, are deseribed on pages 13 and 17.

NPT VOLTAGE (]
CONTAINDNG COMPOMINTS
BETWEEN O & H,000 CTCLES

\

T SOLAANDS (74 04D (88
CAmmh SUPPRLISO

30,000 CYCLESIOMY

CALMRATID METERGOTNRG OSCLLATOR

APPLYING CARRRON
OF 50000 CTCLES MRS FREQUENCY
oF COMFCNENT OF

AT MouEwcY
@7 DO AMALTES

ﬁ MOUNT OF CARREIR [,
R SOLRAND (-G, AND
P220, P30, KTC, NIGLGIBLE
R
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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. 1 he Type
1931-A Modulation Monitor performs the
following specific 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.
5. Measurement of transmitter audio-fre-
quency response.

DESCRIPTION: Tyre 1931-A  Modulation
Monitor consists of three essential elements:
(1) a linear diode rectifier which gives an
instantancous output voltage proportional
to the carrier envelope, (2) o semi-peak volt-
meter which gives a continuous indication of
the peak modulation, and (3) a trigger cireunit
which flashes a light whenever the negative
modulation peaks momentarily exceed any
previously set value.

T'he linear rectifier is designed for operation
at a low power level, which greatly simplifies
the coupling to the transmitter. In the output
of the linear rectifier is a d-¢ meter, which
indicates the earrier level at which the instru-
ment is operating and also shows any carrier
shift during modulation,

i
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In addition, two auxiliary audio output
cirenits operating from a separate diode
rectifier are provided. One of these, at 600
ohms, is intended for audible monitoring;
the other, a high-impedance cireuit, gives a
faithful reproduction of the carrier envelope
with less than 0.197 distortion and can be
used for distortion and noise-level measure-
ments,

FEATURES: » Speed and simplicity of opera-
tion, essential for monitoring instruments,
are available in this instrument. It operates
over a wide carrier-frequency range, and a
tuned input ecircuit is provided to [acilitate
coupling to the transmitter.

» The r-f power input is only a fraction of
that required by older models.

» 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 flushing circuits are so designed that
the indication is unafiected by moderate
changes in carrier amplitude.

» Terminals are provided so that remote per-
centage modulation indieators can be con-
neeted to the instrument externally.

» I, C. C. Approval No. 1555 has been
issued for this monitor.

GENERAL RADIO COMPANY
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SPECIFICATIONS

Range: Modulation percentage, 0 to 1109 dieated by
meter on positive peaks, 0 to 1009 on negative peaks.
The flushing lamp is adjustable to operate from 0 to

1007 on negative penks,

Carrier-Frequency Range: The monitor will operate
at any earrier frequeney from 0.5 to G0 megacyeles. A
single set of coils (either 0.5 10 5 megaeyvcles or 3 10 GO
ch instrument, unless

megacveles) is supplied with es
both sets are speeifically ordered.
Carrier-Frequency Input Impedance: About 73
ohms in the broadeast band, inereasing slightly at higher
carrier freguencies and varying somewhat with input
tuning.,

Accuracy: The overall aceuracy of measurement at 400
eveles is =29 of full scale at 0% and 1009, and =19
of full seale gt any other modalation pereentage.
Detector Linearity: The distortion in the diode detector
is very low for frequencies up to 7500 eyeles. Above this
frequency, i smull amount of negative peak clipping
oeceurs, reaching 5% ot the extreme high end of the
at 15,000 eveles and 1009 modulation,

audio range

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:

2—HINT-0] 1—2050
2—6SJ7 2—0D3 VRS0
1—GALS I—6X35

Warning Lamp Circuit: The OVERMODULATION
lamp will flash whenever the negative modulation peaks
exeeed the setting of the MODULATION PEAKS dial
by approximately 290 modulation, for audio frequencies

between 30 and 7500 excles, For higher audio frequencies,

the pere 1ge overmodulation required to flash the
lamyp inereases slightly,
The accuraey of the dial calibration is approximately
- 2% of full seale.
Meter Circuit: The response of the PERCENTAGE
MODULATION meter eireuit is flat, within 220.25 db,
between 50 and 15,000 eyveles, and within £0.1 db be-
tween 100 and 10,000 eveles.

Either pozitive or negative modulation peaks may be
read. Calibration in db below 1009 modulation is pro-
vided.

The meter dynamic characteristic meets FCC speceifi-
eations for modulation monitors,

Audio Monitoring Output: The audio output wmpli-
fier is flat, within == 1.0 db, from 30 to 45,000 eveles, The
internal impedance is GO0 ohms. Distortion is less than
0.2%.. Open-cireuit ontput voltage is about 300 millivolis.

Fidelity-Measuring Output: Ilat within <+ 1.0 db

between 30 15,000 exeles with Typr 1932-A Distortion
and Noise Meter connected.

Output level varies inversely with setting of MODIU-
LATION PEAKS dial, thus providing reas
form input to distortion meter at all modulation levels.

mabily uni-

Average output level, approximately 1.5 volts.
Residual noise and hum level will not exeeed —s0 db.

Auxiliary Qutput: A multipoint connector at the rear
of the instrument provides @ means of connecting:

1. A remote Percentage Modulation Meter,
2. To u 600-0hm output for andio monitoring.
3. The Type 1932-A Distortion and Noise Meter.

Power Supply: 103 to 125 (or 210 to 250) volts, 50 to
GO exveles. Power input is approximately 30 witts,
Accessories Supplied: Multipoint connecetor, line con-
nector cord, and one set of input tuning ecoils (speecify
frequency range desived ).

Mounting: The instrument is relay-rack mounted.
Walonut end frames are available for table mounting.
(See price list helow.)

Panel Finishes: Standard General Radio black crackle.
Certain standard grays which can be processed in quan-
tity enn be supplied at a price increase of $11.00,
Dimensions: Panel (length) 19 x (height) 5% inches.
Depth behind panel, 10 inches,

Net Weight: 32%; pounds.

Tine Code Waord Price
1931-A Modulation Monitor, 0.5to 8 Mc. . ... .. TARRY $395.00
1931-A Modulation Monitor, 3to 60 Mc ... .. TOPIC 395.00
1931-P5 Extra Tuning Coils, 0.5tc 8 Mc ........ TABBY 16.50
1931-P6 Extra Tuning Coils, 3to 60Mc ........ TOTEM 16.50

EndFrames........... ENDFRAMEAT 16.50 Pair

See Notes 1, 13, 21,

ZFRI-510-P1
PATENT NOTICE.

ELEMENTARY SCHEMATIC DMAGRAM
LNTaE ANLIEER Prass DIODE RECTIFIER
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TYPE 1932-A DISTORTION AND NOISE METER

USES: The Tyer 1932-A  Distortion and
Noise Meter measures distortion, noise, and
hum level in audio-frequeney civeuits. In con-
junction with the Tyrer 1931-A Modulation
Monitor, it can be used to measure these
quantities directly in the output of radio
broadeasting transmitters. It finds many uses
in the communiecations laboratory and in the
production testing of radio receivers as a
wide-range, highly sensitive voltmeter for
such measurements as signal-to-noise ratio,
AVC characteristics and hum level.

DESCRIPTION: The principal elements of the
distortion and noise meter are a high-gain
amplifier with an R-C interstage coupling
unit. that balances to a sharp null, a cali-
brated attenuator for adjusting the sensitiv-
ity, and a vacuum-tube voltmeter. Degener-
ation maintains a high degree of stability in
amplifier gain and also a flat transmission
characteristic except within an octave of the
null frequency. The null frequency is con-
tinuously variable and is controlled by a dial
on the panel. The function of the null net-
work is to eliminate the fundamental of the
audio-frequency signal, leaving only the dis-
tortion products, which are indicated directly
on the panel meter.

The null network is switched out of the
circuit for noise and hum measurements, and
the instrument then operates as a highly
sensitive voltmeter. Two input circuits are
provided: (1) a transformer for bridging a
600-ohm line; and (2) a direct connection to
the 100,000-ohm gain control. The latter is
used when measurements are made on the
modulated output of a radio transmitter in
conjunction with the Tyre 1931-A Modula-
tion Monitor.

FEATURES: » Clontinuous adjustment of fre-
quency over the entive audio range is provided
in this instrument.

» Any frequency can be selected quickly since
there is only one main tuning control, with
an auxiliary trimmer.

» I'requencies up to 45,000 cyveles are passed
by the amplifier circuits so that distortion
measurements can be made on fundamental
frequencies up to 15,000 eycles,

» Distortion values as low as 0.197 can be
measured, since the lowest range is 0.3,
full seale.

» The auxiliary dbm calibration on the range
switch adds considerably to the usefulness of
the instrument.

SPECIFICATIONS

Distortion Range: Distortion is read directly from a
large meter. A multiplier allows full-scale deflections
for 0.3%, 19, 3%, 109 or 329 distortion.

Noise Measurement Range: The range for earrier
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noise measurements extends to 80 db below 1009, modu-
lation, when the distortion meter is operated from the
Tyee 1931-A Modulation Monitor, or S0 db below an
andio=frequency signal of zero dbm level,

GENERAL RADIO COMPANY



Audio-Frequency Range: 50 to 15,000 eyeles (funda-
mental ), for distortion measurements:; 30 to 45,000 eveles
for noise and hum measurements.,

Dbm Range: The power-level range is from -+ 20 to — G0
dbm. Full seale values of 420, 410, 0, — 10, =20, —30,
and —40 dbm ave provided. The geale is calibrated in
terms of a reference level of one milliwatt in 600 ohms.
Input Voltage Range: The input signal level should be
between 1.2 and 30 volts for the 100-kilohm inpuat, and
betwoeen 0.5 and 30 volts for the 600-0hm beidging input.

Accuracy: lor distortion measurements, £5% of full

seale for each range = residual distortion as noted

below: for noise and dlm measurements, =359 of full

seale,

Residual Distortion Level:
100-Wilohn Input: 0.05%, maximum, below  7.500
-'_\'l‘]l‘:‘

0109, maximum, above 7,500
eveles

0.10%9%, maximum, between 50 and
70 eveles

0.05% ., maximum, between 70 and
7,500 exveles

010% .,  maximum, above 7,500
eveles

Residual Noise Level: Less than —=0 db,

Input Impedance: Two input impedances are provided,

100,000 olims unbalanced, and GOD-ohm bridging input

10,000 ohins

Bricdging Input:

. balaneed or unbalanced,
Meter: A large meter with an easily read, illuminated
seale is provided. Percentage and decibel ealibrations
are ineluded,
Vacuum Tubes:

1—643 1—GHG

1 —68SN7-GT 1—6X5

l—GI06-GT G 2—-0D3 /INR150
Accessories Supplied: Line connector cord and cable
for connecting to the Tyee 1931-A Modulation Monitor,
Other Accessories Required: For
tortion in oscillators and other andio-frequency sourees,

neasuring the dis-

no additional equipment is required. For measurements
on amplifiers, lines, and other communieation networks,
a low-distortion oseillator is required to furnish the test
tone, Tyre 1301-A Low-Distortion Oscillator (see page
1I8) is recommended. When the modulated output of
a radio transmitter is to be measured, a linear roetifier to
produce the audio envelope is necessary, The Tyee
1931-A Muodulation Monitor is recommended for this
purposge. (See page 132.) However, any detector system
having minimum undistorted output of 1.5 volts rms
eatr be used,

WAVEFORM

A relav-rack assembly of hros

showing, from top to bottom, Tyee 1931-A Amplit

Modulation Monitor, Tyre 1932-A Distortion and Noise
Meter, and Tyee 1301-A Low-Distortion Osecillutor,

Terminals: Input terminals ave provided at the rear of
the instrument for direet vonnection 1o the modulation
monitor. A Western Eleetrie jack is provided at the panel
also, as an auxiliney ililllll cirenit. Plugging into this
jack :\l]Tulu::lil‘:l“_\' diseonnects the rear connectors,

Power Supply: 103 to 123 (or 210 to 250), v L, ol) to 60
eveles, The line input power is 65 watts. The power

r‘]l!illll\' is voltage l'l':.{kl].‘:!m!. Line surges have no Hprpre-

cinble effect,

Mounting: The instrun is relay rock mounted.
Walnut end frames are available to apt the instra-
ment for table mounting. (See price list below,

Panel Finishes: Standard General Radio blaek erackle.
Certan standard Eriys which ean be [-r'-u-u-.\wnl in junn-
tity ean be supplied at a price inerease of $11.00,
Dimensions: Pauel Uength) 19 x (height) 7 inches;
depth behind panel, 12 inches,

Net Weight::

30 pounds,

Code Word Pric

1932-A
ZFRI-412-P1

PATENT NOTIC

Distortion and Noise Meter

See Note 25, page vi

GENERAL RADIO COMPANY

EndFromes. .. o ivenle s s

| taBoo $575.00

TABOO
ENDFRAMDIG 16.50 Pair

CALIBRATED
AT TE WLrOR

AMPL (RS
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TYPE 651-AE OSCILLOGRAPH RECORDER

USES: This device is suitable for recording the
trace of a cathode-ray oscillograph to obtain
an accurate record of transient phenomena.
Typieal applications are the study of the re-
sponse of electrical networks to suddenly ap-
plied voltages, the recording of switching
transients, and the study of the instantane-
ous variations of voltages and currents in
clectrical machinery under arbitrary load
variations.

DESCRIPTION: In the Tyrr 651-Al Oseillo-
graph Recorder the film is driven continuously
past the aperture, so that the trace of the
cathode-ray spot is recorded as a continuous
line.

The accompanying photograph shows the
internal construction of the recorder. The
large central driving sprocket and the bottom
take-up reel are driven by separate motors.
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The torque characteristics of the motors are
such that the proper film tension is main-
tained as the film passes from the loading reel
to the take-up reel, Focusing is accomplished
by viewing the image through the focusing
evepiece when the two apertures in the
driving sprocket are aligned as shown. The
image forms on a small piece of translucent
film which ean be located on the sprocket.

FEATURES: » A wide range of film speeds.
extending up to 35 feet per second, can be
obtained by varying the voltage applied to
the driving and take-up motors. With speeial
motors very slow 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.

GENERAL RADIO COMPANY



SPECIFICATIONS

Film: Any 335-mm film or paper with standard perfora-
tions can be run. Daylight loading and unloading with
neeligible waste,

Film-Speed Range: When the motors are operated af
the voltages mentioned below, film speeds between 3 and
35 feer per second are obtainable. At the highest recom-
mended operating voltage, higher speeds will sometimes
be obtained.

Muotors geured for lower speed ranges can be supplied

on special order.
Lens System: Lens must be purchased separately, A lens
of aperture { /1.3 and 2-ineh foeal length is available inan
adjustabile mounting that permits foeusing for distances
between 8 and 100 inches. (See price list.) The image for
foensing is observed direetly on the equivalent of o
wround glass in the plane of the film. The lens i cquipped
with an iris diaphrugm.

This lens is sufficiently “fast” to permit the recording
of traces from a eathode-ray oscillograph on supersensi-
tive panchromatic film at a speed of 35 feer per second,
when the ratio of total length slong the trace 1o length
of film is less than 5 to 1.

Oscillograph Screen: A low-persistence actinie blue
sereen, such as one with a P53 or P11 phosphor, should
he used for best results.

Reels: Specially made reels for loading and take-up are
supplicd. Capacity of reels, 100 feot.

Drive System: Both the film-drive sprocket and the
take-up reel are driven by universal {(a-e or d-e¢) motors.,
The film speed is vavied by applying voltages between
50 and 230 volts 1o these motors,

Speed Control: When 115-volt or 230-volt, 50- to G0-
evele serviee is available, & Tyere V-5HMT or Typre
V=-5H Variae may be used to vary the voltage applied to
the motors. For d-e serviee, resistance methods of voltage
control must he used.

Starting Characteristics: Full operating speed is
reached in approximately 10 feet of film travel, at

WAVEFORM

Interior view aof recorder showing Al sprocket, take-up
reel, and foeusing evepicee.

maximum specd. At lower speeds less [ilm is consumed
in reaching operating speceds.

Dimensions: (Length) 11735 x (width) 614 x (height)
16 1y inches, over-all.

Net Weight: 52 pounds.

Class Deseription Code Word Price
*651-AE Oscillograph Recorder . .............. DINER $550.00
651-P5 Lens, $/ VB2 2.0Y cuwommmmma sar ven s DIARY 165.00

*Without lens,

PATEXNT NOTICE. See Note 135, page vi.

STROBOSCOPIC RECORDERS

A it il ke e e

SsapLnocOsRAEEOROUERBERREROERDDNS

GENERAL RADIO COMPANY

IFor recording high-speed phenomena by
means of stroboscopic light, the Tyre 651-AG
Camera is available. This differs from the
conventional motion-picture camera in that
no shutter is employved. A commutator is
provided on the sprocket to trip a stroboscope
at single-frame intervals, so that the photo-
graphic record is properly framed for pro-
jection. Although the film is continuously in
motion, the stroboscopic flash is so short in
duration that no blur of the image is notice-
able. Speeds up to 1500 frames per second ean
be obtained. A complete deseription of the
Typrr 651-AG Camera and the Tyer 1533\
High-Speed  Motion-Picture  Assembly  is
given on pages G and 7.

Oscillograms taken with the Tyee 651-AF Oscillograph
Recorder,
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TYPE 830 WAVE FILTERS

MURIDGE MASE. LK

GENERAL RADIO CO. i

USES: Electric wave filters are widely used
for the elimination of harmonies from dis-
torted waveforms, for the isolation of specific
components of complex waveforms, and, in
general, to remove voltages of undesired
frequencies from measuring and communi-
cations cireuits.

DESCRIPTION: Tyre 830 Wave Iilters are
compact, two-scetion filters having excep-
tionally good characteristies, They are avail-
able in low-pass, high-pass, and band-pass
models. The seetions co-operate to give hoth
a sharp cut-off and high diserimination against
frequencies outside the pass band.,

The band-pass model, Tyre 830-R, is
sharply tuned to pass 1000 cveles and dis-
criminate against other frequencies, the de-
sigh being such that a maximum of attenua-
tion is provided for the second harmonic at
2000 cyeles. The input and output coils of
this unit are tapped so that the filter ean be
used with high or low terminating imped-
ances, or to replace the combination of a
filter and transformer to work between dif-
ferent impedances.

The attenuation characteristics arve the
same for either connection on the two-imped-
ance side, but differ somewhat for different
connections on the four-impedance side. From
the plot at the right, it will be scen that
greatest attenuation to harmonies is obtained
on the 5000-ohm output tap. An attenuation

peak at the second harmonie occurs when the
a00- and 5000-ohm taps on the four-im-
pedance side are used. This peak is not
present with the other two taps.

Ninee either side may be used as input or
output, two different connections are possible
when working between 500 and 5000 ohms.
From the curves shown, it is evident that
somewhat better characteristies will be ob-
tained il the 500-ohm connection is made at
the two-impedance side.

FEATURES:» The attenuation at the cut-off
frequency is less than 3 decibels for the high-
pass and low-pass models, and for the band-
pass model the attenuation at the desired
[requency i only 5 or 6 decibels. (See accom-
panving curves.) The curves also show that
a diserimination of at least 40 decibels is
maintained for all frequencies greater than
1.5 times the cut-off [requency for the high-
pass tvpes,

» An excellent band-pass filter covering one
octave may be obtained by using the 500-
cyele high-pass and the 1000-cvele low-passin
tandem. The ceurve of attenuation vs. fre-
queney for this combination is shown on the
next page.

» The combinations of input and output im-
pedances available with the Typr 830-R are
such that this filter may be worked from either
a 500-ohm line or a vacuum tube (plate rve-
sistance approximately 5000 ohms) into a eir-
cuit of almost any impedance with satis-
factory results,

Attenuation churncteristies of Typr N30-1R
Band-Pass Filter for the various terminating
impedanees,
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ATTENUATION IN DECIBELS
ATTENUATION IN DECIBELS

FREQUENCY IN CYCLES PER SECOND FREQUENCY IN CYCLES PER SECOND

Characteristies of 1000-cyvele low-pass and The d0-cvele high-pass and 1000-exvcle low-pass

n to 1:i'~'1‘ a4 one-octave

acteristic.

1000-eyele high-pass filters. models ean be used in

band-pass char

SPECIFICATIONS

Attenuation Characteristic: Sce accompanying eurves, Mounting: All models exeept Type 830-B are mounted
Voltage Limit: Voltages up t proximuately 3 volts at in Model C eases. Tyerr 530-B is mounted in a Model
any frequency ma I to the 300-ohm filter ) ease.

10 volts f ut terminals without

and Maodel D

t be allowed 1n

Dimensions: Sce dimensi
enses on next page. An

+ eurves. At higher

the depth for the projection he terminals on all

models exeept Tyre S30-R.

Terminals: Tyres 830-A to 830-H ineclusive are pro-
vided with both soldering lugs and jack-top hinding Net Weight: Tyre 830-B, 714 pounds; all others, 3)4
posts, Tyre 830-R has soldering lugs only, pounds.

Cul-0ff

Type - ;.-'r_.lf,,“ nel _‘T””""f”ﬂ - Cod H'.,.w.l’__ Priet -
830-A 500 cycles 500 @ I Low-Pass FILTERGOAT $30.00
830-B 500 cycles 500 @ High-Pass FILTERGIRL 30.00
830-C 500 cycles 5000 Low-Pass FILTERSHOE 30.00
830-D 500 cycles 5000 © I High-Pass FILTERSEAT 30.00
830-E 1000 cycles 500 @ Low-Pass FILTERTOAD | 30.00
830-F 1000 cycles 500 Q@ High-Pass FILTERMUSH 30.00
830-G 1000 cycles 5000 © Low-Pass FILTERSIGN 35.00
830-H 1000 cycles 5000 © High-Pass FILTERPIPE 35.00
(5000, 500 ©
830-R 1000 cycles f 50,000, 5000, 500, \- Band-Pass FILTERROTE 35.00
500

OTHER FILTERS

A 400-cycle band-pass filter, Tyrr 530, for use in distortion measurements, is deseribed

on the next page.
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TYPE 530-A BAND-PASS FILTER

View of Tyere 530-A Filter.

This filter is designed for use with a 100-
eyvele oscillator to provide a very pure signal
for distortion measurements, and for other
applications where only an extremely small
harmonie content can be tolerated. It may
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FREQUENCY IN CYCLES

Transmission characteristies of Tyer 530-A
Band-Pass Filter.

be used with fundamental frequencies from
375 to 425 eyeles, providing an attenuation
of at least 50 decibels to all harmonies. In
addition considerable attenuation to power-
line frequencies is provided.

SPECIFICATIONS

Attenuation Characteristic: (See accompanying
eurve. ) A peak of maximum attenuation is set for rejee-
tion of the 800-cyvele second harmonie,

Voltage Limit: Voliages up to approximately 3 volts at
any frequeney may be applied to the filter input ter-
minals without significantly altering the response curve.
At higher voltage levels slight shift in the location of
the attenuation peak may be expected.

Type I'mpedanee

FPuass Band

Mounting: Iilters are mounted in stundard drawn
steel, wax-filled Maodel 1) eases,

Dimensions: Case, (width) 3% x (height ) 54 x (depth)
514 inches, over-all. (See also  dimensioned  drawing
below. )

Net Weight: 8 pounds.

Code Ward Price

530-A | 600 ohms

375 to 425 eycles

GENERAL RADIO

FOCAL | $35.00

DIMENSIONS OF FILTER CASES
MODEL B MODEL C MODEL D

B ooty 24 Cinches 305 inches 5% inches
L JE e —— 315 inches 4 inches 3' inches
Cimiaaagas {115 inches ' inches 5%y inches
| B 30 inches 31, inches 4y inches
Jrrr—— 234 inches 31 a inches 44 i inches
| [ TR e 17% inches 275 inches ' inches
[ & 54 inch % inch b5 ineh

COMPANY
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METERS

Direct-reading instruments for the meas-
urement of voltage, current, power, resist-
ance, and other quantities are indispensable
items in the electronics laboratory. The
General Radio Company has always pio-
neered in the development and manufacture
of specialized types for radio and electronic
measurements, Its earliest products in this
field were hot-wire ammeters and high-sensi-
tivity galvanometers.

When suitable vacuum tubes became com-
mercially available, the first General Radio
vacuum-tube voltmeter, the Tyre 426, was
designed. In 1937, the first commercial peak-
indicating type was announced, a develop-
ment stemming from similar circuits used
earlier in modulation meters. For radio-fre-
quency voltage measurement, development
has been pointed toward higher and higher
frequencies, as new and betfer vacuum tubes
became available. The new Tyrr 1800-A
which represents the best performance avail-
able from present-day commereial tubes, oper-
ates at frequencies up to 500 megacycles. Tt
also measures d-c¢ voltages, and, with capaci-
tance shunts, can be used for r-f current
measurement. [ts accuracy specification of
+ 29 is considerably better than has hitherto
been dchieved in vacuum-tube voltmeters.

Beyond this frequency, similar cireuits
using a crystal diode instead of a vacuum
tube have made possible the Tyre 1802-A
Crystal Galvanometer, which operates up to
1000 Mec. A pioneer instrument, this volt-
meter is not as accurate as the vacuum-tube
types used at lower frequencies, but fills a
definite need in the radio laboratory for a
voltage measuring device up to 1000 mega-
cycles.

Combining the vacuum-tube voltmeter
with the simple ohmmeter circuit has made
possible the direct-reading megohmmeter, a
convenient aid for rapid testing of high-
valued resistors, insulation and capacitors.
The Tyre 1861-A Megohmmeter can also be
used as a high-resistance d-¢ voltmeter, a
feature which adds considerably to its utility.

Early recognizing the utility and simplicity
of oxide-rectifier-type instruments for audio-
frequency work, General Radio engineers de-
veloped assemblies using resistive networks
as constant impedance multipliers, such as
the Type 483-I" Output Meter.
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Another adaptation of the rectifier tyvpe
indicator is the direct-reading output-power
meter with adjustable impedance input,
represented in the current General Radio
line by the Type 583-A and Typr 783-A
Output-Power Meters. With these meters,
the power available from an audio-frequency
source as a function of impedance can be
quickly measured. When the meter impedance
is adjusted for maximum power, the source
impedance can be determined.

For portable use, the 727, 728, 729 series
is available for measuring a-¢ volts, d-e
volts and megohms. These are all battery-
operated instruments, ideal for field use, but
capable of laboratory accuracy. The Typrr
728-A Vacuum-Tube Voltmeter is an un-
usually versatile instrument, measuring d-c
voltages from 0.05 to 3000 volts, and having
an input resistance between 1000 and 5000
megohms for all scales.

For low-level voltage standardization, the
audio-frequency microvoltmeter can be used.
Thig instrument consists of a voltmeter for
standardizing the input at a level of a few
volts, followed by a calibrated attenuator to
produce output voltages down to 0.1 micro-
volt. Tt is particularly useful in sensitivity
and gain measurements on audio-frequency
equipment.

FFor use in the rapidly developing radio-
activity feld, the new Typr 1500-A Counting
Rate Meter with its associated Geiger-
Mueller counters is listed, the first of a new
line of GR instruments for nuclear meas-
urements.

Meters for measuring other quantities are
listed in other sections of this catalog. The
INDUSTRIAL section includes the Type
759-BB Sound-Level Meter, for industrial noise
measurements, and the Tyrr 761-A Vibra-
tion Meter, for the measurement of accelera-
tion, velocity and displacement in mechanical
systems, In the WAVEFORM section will
be found the Tyre 1931-A Modulation
Monitor for measuring percentage modula-
tion in radio transmitters; the Typr 1932-A
Distortion and Noise Meter, for over-all dis-
tortion and noise level measurements in
transmitters and audio equipment; and the
Type 736-A Wave Analyzer, a sharply tuned
voltmeter operating over the range of 20
cyceles to 16 kiloeyceles.

GENERAL RADIO COMPANY
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METERS

TYPE

USES: The crystal galvanometer is a direct-
reading voltmeter for use at frequencies be-
tween 30 and 1000 megacyeles. It can also be
used as an indicator of voltage at frequencies
up to 4000 megacyeles. Although it reads
directly in voltage, its absolute aceuracy is
not as good as that of General Radio vacuum-
tube voltmeters, and for this reason it is cata-

Schematic diagram of
Tyre 1802-A Crystal
Galvanometer.

1802-A CRYSTAL GALVANOMETER

loged as a galvanometer rather than as a volt-
meter. Laboratories engaged in ultra-high-
frequency measurements will find this instru-
ment invaluable, sinee it extends by about
three to one the upper frequency at which
rapid, direct-reading voltage measurements
can be made.

DESCRIPTION: [Functionally, this instrument
consists of a crystal rectifier and a d-e¢
vacuum-tube amplifier. The erystal rectifier is
built into a small shielded probe, and a cable
carries the rectified voltage to the d-¢ ampli-
fier and indicating meter in the cabinet. The
probe is provided with a number of removable
fittings, including 10:1 and 100:1 multipliers,
a coaxial adapter, and a 50-ohm terminating
resistor. The d-¢ amplifier uses a triode in
a degenerative cathode-follower cireuit.

(lathode and plate power is obtained from
self-contained batteries. The cabinet has a
storage compartment at the top for housing
the probe and accessories.

FEATURES: » The voltmeter scale is approxi-
mately linear.

» Voltages up to 100 volts can be measured
by using the convenient multipliers that are
provided.

» The normal variations in tube character-
isties and battery voltages do not appreciably
affect the meter indication.

» The variety of probe terminations make the
voltmeter adaptable to many types of
measurement.

» Batteries have an operating life of approxi-
mately 200 hours.

» The calibration can be checked and ad-
justed in terms of a voltage obtained from
a 40- to 60-cycle a-¢ power line,

144 GENERAL RADIO COMPANY



METERS

SPECIFICATIONS

Voltage Range: (.1 to 1 volt, direet reading: 1 to 10
volts and 10 to 100 volts direct reading with multipliers
supplied.

Accuracy: 5% of full seale on sinusoidal valtages,
subjeet to frequeney eorrection.
Multiplier Accuracy: All multipliers are adjusted to

have a rlllltii;11)'ir::! factor within o of the nominal
villue.

Waveform Error: The meter response approaches that
of a peak voltmeter, but the seale i r-m-8
values for a sine-wave input. On distorted waveforms the

s calibrated

pereen deviation of the reading from the r-m-s
value may be large as the pereentage of harmonics

prezenl.

Frequency Error: The upper limit of usefulness is
determined by the frequeney of series resonance in the
erystal probe, which varies among different erystals by
some 10 or 159, With a 1N21B ervstal in the probe, the
resonant frequeney is between 1650 and 2000 Me: with
the 10:1 multiplier attached, between 1700 and 2200 Me;
and with the 100:1 multiplier attached, between 1350
and 1650 Me.

The effeet of resonanee on the meter indieation becomes
appreciable
meter indi
this error by multiplyving the meter indication |
where f is the operat e and
resonant frequency. (The factor 1 — (f .
an approximate eorrection when the fregueney is much

and

ut about 200 megeveles
wtion 1o be high. Correction ean |

(=f/2f0). ng fredque Jo 1= the

is useful as

below resonance.) The correction as o funetion of fre-
queney for the average of o number of erystals is given in
the aecompunyving plot. The dotted lines represent the
maximum deviations to be expected in individual erys-
tals und may mmount to 0% of the indicated voltage
at 1000 Me. These corrections are for the voltage at the
face of the probe with no probe terminals.

Tyre 1502-A

s a function of fre-

indieated by the

equencies and dotted

lines at high frequencies s¢ from differences
among eryvstals,

curve for 1!1\-
Crystal Galvanometer
Uneertainti
shaded aren at low

Correction

quency.

CORRECTION CURVE FOR
CRATSTAL GALVANOME TER

— IIRACE CORRECTION

== MACMWUN DERRTURE FROM VERIGE
AOLD ARA 13

LARCELY SLTERMINGD BY CRTSTAL

BACK RESISTANGE

g8
¥
&
g J
3
¢

FREQUENCT IN Me

Type

View of galvanometer probe ineluding multipliers
and termination accessories.

At frequencies below a nominal value between 10 and
30 Me, the indication fullz of

a result of the small
The frequeney at which

in the probe.

1{:5)1_‘1:- Hpon the charac-
the individunl erystal, particularly the back
Yeenuse the multipliers

becomes noticenble

meitanee volt-

SISTINCe.

age dividers, the imiting frequency is higher when they

are used.

Input Impedance: The input ecapacitance is nearly
independent of the indard ervsial nsed, but the input
conductanee depends on the frequeney, voltage level, and
the ¢ haraeteristies. For IN21D erystals, at fre-
quer $ ow 1000 Me and voltage levels above o fow
tenths of a volt, representative values are:

G ¥

{

— o prul

- 100 ginhos

Probe:

‘onductance Less than 25 umhos

100:1 Multiplier:

‘apacitance — 1.6 puf
‘onductance — Less than 10 gumhos

(
i
10:1 Multiplier:
(
[
{

Power Supply: The necessary bhatteries, one Burgess
Z30N X and one Burgess 21, are supplie

Vacuum Tube: One 1R5 vacuum tube is supplied,
Crystal: One IN21B erystal is supplied.
Mounting: Black erackle aluminum panel mounted in

a shiclded walnut eabinet. The ea

and probe are
stored in the eabinet. The earrving handle can be set
as a convenient support for the instrument when placed

on a bene

I with the panel tilted barck.

Accessories Supplied: One Tyre 1802-P1 10:1 Multi-
plier, one Tyer 1502-P2 100:1 Multiplier, one Tyrr
1502-P3 Cable Termination, fittings for plugeing into
Typr 7740 or T74-M coaxial connectors.

Dimensions: 7 x 7 x 104 inches, over-all,
Net Weight: 1013 pounds.

Code Word Price

1802-A

GENERAL

Crystal Galvanometer .. ... ..

RADIO COMPANY

$220.00

CONIC |
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METERS

TYPE 1800-A VACUUM-TUBE VOLTMETER
(A-C OPERATED)

USES: The Tyre 1800-A Vacuum-Tube Volt-
meter is a high-impedance wide-range volt-
meter which can be used not only for measure-
ments at audio and radio frequencies up to
several hundred megacveles but also at de.

[n addition to its use as a voltmeter, the
Tyri 1800-A ean be used, with the special
H0-ohm terminating resistor which is fur-
nished, to measure current and power in the
termination of lines or other loeations.

Although ealibrated to give the 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,

Schematie cirenit diagram
of Tyre 1800-A Vacuum-
Tube Voltmeter.

146

DESCRIPTION: The high-frequency probe con-
taing 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 dise. Except 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-c amplifier consists of a balaneced
twin triode operating in a highly degenerative
circuit. The rectified alternating voltage is
applied directly to the control grid of one
triode, and a diode, that serves only to balance
the effect of the initial-velocity current in the
rectifving diode, is connected to the control
grid of the second triode. Degeneration is
obtained by connecting: another twin triode
in the eathode cireuit of the amplifier. The
indieating meter is connected in series with
precision resistors between the eathodes of
the amplifving twin triodes. The change from
one \‘ult:u,{(' range to another is made ||_\‘
changing the value of this series resistance.

FEATURES: » The input impedance is main-
tained at a high value over all the ranges of
the voltmeter for both a-¢ and d-¢ measure-
ments. Thus very little power is taken from
the source being measured.

» Accurate measurements at requencies up
to several hundred megacyeles can be made,
because the small probe makes possgible very
short leads. The plug terminals on the probe
ean be removed to shorten the leads still
further, or other fittings or terminations can
be used instead.

» A permanent calibration substantially inde-
pendent of tube characteristics iz possible,
because the degeneration in the d-c¢ amplifier
stabilizes the gain.

» The three highest a-e scales are practically
linear, and there is sufficient overlapping of

GENERAL RADIO COMPANY
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(Left) Plots of the resistance and reactive eomponents of the input impedance of the Tyre 1800-A Vacunm-Tube Volt-

meter. (Right) Plots showing rs

ttio of applied voltage to indieated voltage as

a fMunetion of frequeney for various values

of indieated voltapge, taken with Cip on It 1a||:<,: removed,

the various ranges so that all readings can
be made well up on the scale.

» One zero adjustment control serves for all
ranges, and resetting is not required from
range to range. A regulated power supply

eliminates fluctuations in the zero setting or
in the meter readings over a wide range of
line-voltage variations,

» Overvoltages on any scale will not damage
the instrument.

SPECIFICATIONS

Voltage Range: 0.1 to 150 volts, a-c, in six ranges
(0.5, 1.5, 5, 15, 50, and 150 volts, full seale): 0,01 to 150
volts, d-c, in six ranges (0.5, 1.5, 5, 15, 50, and 150 volts,
I’I‘.H senle ).

Accuracy: DC, 429 of {ull seale on all six ranges: AC,
£2% of full seale on all six ranges for sinusoidal voltages,
stibject to frequeney correction (see below ).

Waveform Error: On the a-¢ voltage ranges, the in-
strument operates as a peak voltmeter, ealibrated to
read r-m-s values of a sine wave, or 0.707 of the peak
value of a complex wave, On distorted waveforins the
percentage deviation of the reading from the r-me-s
value muay be as large as the pereentage of harmonies
present.

Frequency Error: At high frequencies, resonance in the
input eireuit and transit-lime effects in the diode rectifier
introduce errors in the meter reading. The resonance

B\

K\

| y
%

i

T_’.’ ne

1800-A Vacuum-Tube Voltmeter. . ..

GENERAL RADIO COMPANY

effeet eauses the meter to read high and is irulvlu'tull'lit
nsit-time error is a fune

of the applied voltage, The
tion of the applied voltuge
to read low. The accompanying eurves g ve the frequeney
correction for several different voltage levels, Tt will be
noted that at low voltages the teransit-time and resonanee

and tends to cause the meter

. :l}l' orror

effects tend to cancel, while at higher voling

is almost entirely due to resonanee. The resonant fre-

queney with cap on but plug removed is about 1050 NMe.
This voltmeter may be used ar frequencies ns low as

20 eveles with a frequeney error of less than 29,

Input Impedance: At low frequencies the equivalent

parallel resistunee of the a-e input eirenit is 25 megohms.

e is reduced by losses

At higher frequencies this resistan
in the shunt capacitance. The equivalent parallel eapari-
tance at radio frequencies is 3.1 guf with the probe eap
and plug removed, At andio frequeneies this eapacitanee
inereazes slightly. The probe cap and plug add approxi-

mately 1.2 puf. The aceompanying plot gives the varia-
tion of Ity and X p with trequeney.

On the d-e ranges two values of i:J[:lH resistance are
provided, 1O megohms and open grid.
Power Supply: 105 to 125 volts (or 210 to 250) volts,
a-c, 50 to 60 exeles. The instrument ineorporates a voli-
age regnlator 1o compensate for supply varintions over
this voltage range. The power input is less than 25 watis.
Tubes: Two 9035, two GSL7-GT, one GATG, one 604,
O-GT /G, one 3-4, and two 991 are used:; all are

one 6
supplicd.

Accessories Supplied: A line connector cord, Tyre
274 and Typr 774 terminations, and 30-chin terminating
resistor for ill'-uiu'.
Mounting: DBlack
mounted in a shielded walnut eabinet, The enble and
probe are stored in the ecabinet., The ecarrving handle

crackle fin'sh  aluminum  panel

ean be sel as a convenient support for the instrument

with the panel tilted 1

il
K.

ht) 1115

when placed on a benel

Dimensions: (Width) 734 x (depth) 7 1a x (heig
inches, over-all.

Net Weight: 1323, pounds,
Cade Waord Price

DUCAT



METERS

TYPE 1800-P2 MULTIPLIER

This multiplier extends the a-¢ voltage
range of the Type 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 onto the end of the
voltmeter probe, adding about two inches to
its length.

SPECIFICATIONS

Multiplier Ratio: 10 : 1 41 per eent, when the multi-
plier is adjusted to the voltmeter with which it is to be
used, A multiplier ordered with a Tyee 1800-A Volt-
meter is adusted to that voltmeter. When the multiplier
iz used with another voltmeter, there is a possible ad-

Tupe

........ | ABODE

ditional error of =42 per cent, bhut the multiplier can
be adjusted to any Type 1800-A voltmeter by the user.
Input Impedance: The equivalent parallel resistance is
of the order of one hundred times the equivalent parallel
resistance of the voltmeter probe. The equivalent par-
allel eapaeitanee is 1,5 pef. The probe eap and a center
plug when serewed on the multiplier add approximartely
0.5 puf.

Frequency Error: The multiplier [requeney error is
shown in the plot. The resonant frequency of the mul-
tiplier and voltmeter probe together is approximately
1050 Me, the same as the resonant frequeney of the probe
wlone. Thus the high-frequency error ean be determined
from the correction curves furnished with the voltmeter.
Only the eurves for indieated voltages of 135 volts and
higher need be used because the multiplier is not needed
for measurement of wvoltages below 1350 volts. The
multiplier is not recommended for use at frequencies
below 100 ke,

Dimensions: (Length) 234 x (dimmeter) 134 inches,
over-all.

Net Weight: 1 ounces.

INDICATION

=
w
2
&
&

FREQUENCY IN Mc.

Code Ward

Price

 $18.00

TYPE 726-P1 MULTIPLIER

The Tyre 726-P1 Multiplier was designed
for use with the Tyrr 726-A Vacuum-Tube
Voltmeter (now discontinued) to extend the

T'ype

range of voltage measurements up to 1500
volts. A limited quantity of these multipliers
is still available.

Code Waord Priee

726-P1 | Multiplier ..................

........ | ALOUD

 $14.00

TYPE 727-A VACUUM-TUBE VOLTMETER
(BATTERY OPERATED)

USES: This is a general-purpose vacuum-tube
voltmeter for use at frequencies up to about
100 megacyeles. Because it is battery oper-
ated and portable, it has many applications
in the field, where an a-c power line is not
always available.

DESCRIPTION: A diode rectifier circuit is em-
ploved as in the Tyrr 1800-A Voltmeter but
with a more sensitive two-stage d-c amplifier,
permitting the measurement of a-¢ voltages

148

down to 50 millivolts over the entire fre-
quency range. The high-voltage limit is also
extended, to 300 volts.

FEATURES: The high input impedance, wide
voltage range, and wide frequency range of
this instrument combined with its con-
venicnee and portability make the Typg
727-A Vacuum-"Tube Voltmeter an extremely
useful meter for the communications labo-
ratory, as well as for field work.

GENERAL RADIO COMPANY



SPECIFICATIONS

Range: (L0353 volt to 300 volts a-c, in seven ranges (0.3,
1, 3, 10, 30, 100, 300 volig, Tull seale).

Accuracy: With sinusoidal voliages applied, the aceu-
racy 15 =3% of full seale on the O.3-volt range and £2¢ ',;J
of full seale on all other rang

+3% of indieated voltaee o

w0 An additionsl error of
eventually oeeur on the
30-, 100-, and 300-valt ranges, because of long-period
i the divider resistors, If the full-seale sensitivity
ionally, correction can then be made to
eliminate the effeet of any such aging,

Waveform Error: The instrument i= ealibrated to read
the r-m-s value of g sinuso . Un the higher
voltage ranges, however, it is essentially a peak reading
deviee, ealit rated to read 0.707 of the peak value of the

dering

15 checked oee

applied voltage, and on distorted waveforms the per-
centage deviation of the reading from the r-m-s value
LIRHRY

LI B3 l:'.[','_'\‘ as the prerecntige wl h-'.l]'[llllrlj(',‘- ;»l'l':::-lli-.
On the lower ranges the instrument :|;.-[-l'l-hir|1:l1l'r irrue
souare-law deviee,

Frequency Error: Less than 197 between 20 exeles and
30 Me. At higher freguencies, the error is about =5 at
G5 Me and about <=10% at 100 Me.

Input Impedance: The input capacitance is approxi-
mately 16 puf. The parallel input resistance (at low
frequencies ) is about 3 megohms on the lower ranges and
about 3 megohms on the 30-, 100=, and 300-voll ranges.
The aceompanyving curves give the variation of Ry and
A p with frequency.

MEGOHMS

FREQUENCY IN Me

Plot of resistive and reactive eomponents of input
impedanece of Tyre 727-A Vacuum-Tube Voltmeter.

T

METERS

Temperature and Humidity Effects: Over the normal
runge of room conditions (65 Fahrenheit to 95° Fahren-
heit; 0 to 959, relative humidity) the acceuracy of indi-
cation is substantially independent of temperature and
humidity eonditions. Somewhat redueed aceuracy may be
expected, however, if the instrument is subjected to
extremes of Lemperature.

Zero Adjustment: A zero adjustment is provided on
the |»:11|1']. The .':ii.‘llil:,'_" iz the same for all ranges.
Vacuum Tubes: Two 185 tubes and one 957 tube are
used and are supplied with the instruoment,

Batteries: I'wo DBurgess W20P1, one Durgess WaliP,
and three Burgess 219 batteries are required, and are
supplicd with the instrument. Battery life is approxi-
mately 250 hours of intermittent operation.

Mounting: I'le instrument is supplied in a walnut case
with eover and is mounted on an engraved black erackle-
finish aluminum panel,

Dimensions: 11 x 6% x 57 inches, over-all (cover
l:i‘]ﬁ[._'!_] 1 ¥

Net Weight: 1075 pounds, including batteries.

Codde Waord Price

727-A

PATENT NOTICE, See Note 28, page vi.

Vacuum-Tube Voltmeter .............

PIGMY | $180.00

GENERAL RADIO COMPANY 149



METERS

TYPE 728-A VACUUM-TUBE VOLTMETER
(BATTERY OPERATED)

USES: This voltmeter is intended for measur-
ing d-¢ voltages in low-power circuits where
no appreciable power ean be taken by the
meter. It is particularly useful for measuring
clectrode voltages on vacuum tubes and
cathode-ray oscillographs.

DESCRIPTION: The circuit is that of a degener-
ative d-¢ amplifier. The voltage to be meas-
ured is applied direetly to the grid on the
lower ranges, and through a high resistance
voltage divider for the high ranges. The
instrument is portable and power supply is
obtained trom self-contained batteries.

FEATURES: » [Extremely high input resist-
anece, greater than 1000 megohmes, is available
on all ranges.

» Superimposed a-¢ voltages of considerable
magnitude have no effect on the meter indica-
tion, thus making possible the measurement
of fixed electrode voltages in the presence of
sienal voltages,

» Iiither the positive or the negative terminal
of the source under measurement can be
grounded to the panel by the use of the
reversing switeh provided on the panel.

SPECIFICATIONS

Range: (.05 1o 3000 volts in seven ranges (3, 10, 30, 100,
300, 1000, 3000 volts, full seale).

Accuracy: Within =39 of full scale on all ranges. An
additional error of 39 of the indieated voltage may
eventually oceur on the 100-, 300-, 1000- and 3000-volt
ranges  because of long-period aging of the divider
resistors. The effect of such aging can be eliminated if the
full-seale semsitivity is checked oceasionally, and any
NeCessiry corrections made. ]5:|11l'1'}‘ aging ean cause an
additional error of 297 of {ull seale an the 3-volt range,

Input Resistance: 1000 megohms on the higher voltage
ranges (100, 300, 1000, 3000 volts, full scale), Greater
than 3000 megohms on the low voltage ranges.

Terminals: T'wo sets of input terminals are provided on
the panel. One set is used for measurements at the low
voltage end of the range (0 to 30 volis) and the other set
ig used for the higher voltage measurements (30 to 3000
volts).

T_.'Jl,u.

Polarity: A reversing switch on the panel permits
measurements with either the positive or the negative
terminal of the sourece grounded to the panel of the
instrument.

Effect of AC: Superimposed a-c voltages of less than
200 volts have a negligible effect on the meter indication,
Tube: The tube, a 114, is supplied.

Batteries: The batteries required are three Burgess
W30BPX or equivalent and one Burgess F2ZBP or equiv-
alent. A compartment is provided in the ease of the
instrument for holding all batteries. A set of batteries is
supplied with the instrument.

Mounting: The instrument is supplied in a walnut case
with cover and is mounted on an engraved black erackle-
finish aluminum panel.

Dimensions: With cover closed, (length) 11 x (width)
63 x (height) 57 inches, over-all,

Net Weight: 9% pounds, including batteries,

Code Word Price

728-A | D-C Vacuum-Tube Voltmeter

@

003000

Elementary schematie diagram 3——-—'

for Tyre 728-A D-C Vacuum-
Tube Voltmeter.

150

PILOT $1 55.00
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METERS

TYPE 729-A MEGOHMMETER
(BATTERY OPERATED)

USES: This megohmmeter is a battery-oper-
ated design particularly intended for appli-
cations where portability is required. It is
well adapted for field use in the mezsurement
of the leakage resistance of eables and insula-
tion. The wide range of resistance covered by
this instrument makes it suitable for use as
a moisture content indicator for such mate-
rials as lumber, paper, and leather, where a
definite relationship exists between moisture
content and electrical conductivity.

DESCRIPTION: The cirenit employed is that
of a conventional ohmmeter. The necessary
sensitivity for measuring high resistance is
obtained by using a vacuum-tube voltmeter
as the indieating element.

The highest resistance standard (1000 meg-
ohms) is especially treated to prevent surface
leakage. This treatment insures that the
readings of the instrument are essentially
independent of humidity.

FEATURES: » A very wide range of resistance
values can be measured simply and quickly
with the Tyre 729-A Megohmmeter.

» Good accuracy is obtained, and the cireuit
used is so stabilized that the accuracy of
calibration is maintained independent of tube
characteristics.

» Treatment of the high-resistance standard
to prevent surface leakage eliminates diffi-
culties normally caused by high humidity.

» This megohmmeter is particularly valuable
for field applications because of its small
size and self-contained power supply.

SPECIFICATIONS

Range: 2000 ohms to 50,000 megohms in five overlapping
ranges.

Scale: The standard direct-reading ohmmeter calibration
is used: center seale values are 0.1, 1, 10, 100, and 1000
megohms, Length of seale, 314 inches; central deeade,
155 inches.

Accuracy: Within 5% of the indieated value between
30,000 ohms and 3 megohms, and within £8% of the
indicated value between 3 megoluns and 3000 megohms
when the central decade of the seale is used. Outside the
central decade the error inereases beeause of the com-
pressed scale.

Temperature and Humidity Effects: Over the normal
range of room conditions (65° Fahrenheit to 953° Fahren-
heit: 0 to 959, relative humidity ) the accuracy of indiea-
tion is substantially independent of temperature and
humidity conditions. Somewhat reduced aceuracy may
be expected, however, if the instrument is subjected to
temperatures bevond the above range.

Type

Voltage on Unknown: The voltage applied on the un-
known does not exceed 2214 volts and varies with the
meter indieation,

Tube: The tube, a 114, is supplied.

Batteries: The batteries required are two Burgess
W30BPX or equivalent and one Burgess 2F2H or equiv-
alent. A eompartment is provided in the case of the
instrument for holding all batteries, and a set of batteries
is supplied with the instrument. Battery life is approxi-
mately 250 hours of intermittent operation.

Mounting: The instrument is supplied in s walnut case
with cover and iz mounted on an engraved black erackle-
finish aluminum panel,

Dimensions: With cover closed: (Length) 11 x (width)
634 x (height) 57¢ inches, over-all,

Net Weight: 574 pounds, including batteries.

Code Waord Price

729-A

Megohmmeter .............

PIOUS ] $105.00
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TYPE 1861-A MEGOHMMETER AND VOLTMETER
(A-C OPERATED)

000w g
Yol heerre (o W o

USES: The Tyrr 186G1-A Megohmmeter is a
direet-reading ohmmeter for measuring rela-
tively high resistances, including the leakage
resistance of cables and samples of insulating
material, and the resistance of all tvpes of
fixed and variable resistors. It can also be
used to locate defective insulation in electrical
equipment, and its wide range makes it
particularly suitable for the determination of
the moisture content of wood, paper, and
dehydrated products.

The leakage resistance of capacitors can
also be measured, but in measuring large
sapacitors with low leakage, the time con-
stant results in equilibrium  being reached
slowly. For example, a 1-uf capacitor, having
a leakage resistance of 1000 megohms, could
be shown in a few seconds to have a resistance
greater than 500 megohms, but perhaps a
minute would be required to obtain the re-
sistance within 109, If a higher, or constant,
test voltage or a lower time constant is re-
quired, the Tyre 544-B Megohm Bridge is
recommended (see page 88).

This instrument can also be used as a
vacuum-tube voltmeter for measuring d-c
voltage up to 100 volts.

DESCRIPTION: This instrument is very similar
to the ordinary ohmmeter, except that, in
order to measure very high resistances, a
vacuum-tube voltmeter is used instead of the
conventional indicator. A zero adjustment is
provided for setting all five ranges in a single
operation.

FEATURES: » Resistance is read directly from
a large meter scale,

» Operation is as simple as that of an ordinary
ohmmeter, and a wide range of resistances
can be measured on the five overlapping
rAnges.

» Readings are independent of supply voltage
fluctuations beeause the a-¢ power supply is
regulated,

» D-c voltages up to 100 volts can also be
measured with this megohmmeter,

SPECIFICATIONS

Range: 2000 ohms to 50,000 megohms in five overlap-
ping ranges; zero to 100 volts, d-c.

Scale: The standard direct-reading ohmmeter calibra-
tion is used; center scale values are 0.1, 1, 10, 100, and
1000 megohms. Length of seale, 3 14 inches; center dec-
ade, 14% inches. The seale is illuminated by a lamp in
the indicating meter. The voltage seale is linear.
Accuracy: Within 259 of the indicated value between
30,000 ohms and 3 megohms, and within =89 of the
indicated value between 3 megohms and 3000 megohms
when the central decade of the seale is used. Outside the
central decade the error inereases beeause of the com-
pressed seale. For voltage measurements the accuracy is
+20% of full seale.

Input Resistance: For voltage measurements the
input resistance in megohms is indicated by the selector
switch, On the « position the equivalent resistance is
greater than 20,000 megohims.

Temperature and Humidity Effects: Over the normal

Type

range of roam conditions (65° Fahrenlieit to 93° Fahren-
heit; 0 to 953% relative humidity) the accuracy of the
ingtrument is substantially independent of temperature
and humidity.

Voltage on Unknown: The applied voltoge on the un-
known dees not exceed 106 volts and varies with the
indication.

Tubes: The necessary tubes, one GX5-GT /G, one 85
and one 0C3/VR103, ave supplied.

Power Supply: 105 to 125 (or 210 to 250) volts, 40 16 60
eveles: The power required is 10 watts,

Accessories Supplied: A line connector cord,
Mounting: The instrument is supplied in a walnut case
and is mounted on an engraved black crackle-finish
aluminum panel.

Dimensions: (Width) 10 x (height) 8 x (depth) 3!
inches, over-all,

Net Weight: 814 pounds.

Code Word Prive

1861-A
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METERS

TYPE 483 -F OUTPUT METER

USES: The Tyre 483-F Output Meter finds
its greatest usefulness in the routine labor-
atory measurements of voltages at audio
frequencies and for comparison measurements
of various types, where the meter is used to
match two voltages.

When used in conjunetion with an amplifier
this meter is an excellent bridge null detector
for power and audio frequencies.

DESCRIPTION: A copper-oxide-rectifier volt-
meter is used as the indicating meter. An
L-type multiplying network is used to extend
the range and to furnish a constant input
impedance.
FEATURES: The Tyrre 483-1" is a sensitive, -
wide-range, constant-impedance, and rugged T T TRt
output meter, vk Ry 9 5
g ; N\ o

SPECIFICATIONS

Voltage Range: Below 0.3 volt to 200 volts in seven

ranges (2, 4, 10, 20, 40, 100, 200 volts, full seale).

Accuracy: The fundumental aceurney is 4=5% of full
seale, which is equivalent to (L1 volt multiplied by the
multiplier setting. This aceuracy applies only when the
instrument is operated on sinusoidal voltages and on the
flat portions of the charaeteristie curves shown below.

Waveform Error: The copper-oxide rectifier-type meter
is ecalibrated in r-m-s wvalues for a sinusoidal applied
voltage, When non-sinusoidal voltages are applied, an
error in indication can oceur, since the meter is not a true
r-m-s indicating deviee, The ervor will depend on the
magnitude and phase of the harmonies present, but with
\-\':!\-l"[-lﬂ'“l?;‘ ||IJ['|'H:I||_\' l"!ki"()ll[l'[l"l‘i’[:i iI] (‘l)]'l'l]'lllllIii".:l].il}ns scale Length: 2] 5 iill'}]l'-"-
work, will not he serious, v )

. Terminals: Jack-top hinding posts are provided. Stand-
Input Impedance: The impedanee on the 100 multiplier ard 34-inch spacing is used.

is 20,000 oluns 429, TFor lower multiplier settings, -

however, the impedance varies slightly with voltage.
The greatest change in impedanee oceurs on the 1 multi-
plier where the impedance increases by approximately

Mounting: Mounted on an aluminum panel which is
mounted in a walnut eabinet.

Dimensions: (Length) 93¢ x (width) 41y x (height) 314

15% ns the voltage is dropped from full seale, 2 volis, inches, over-all,
to quarter seale, 0.5 volt, Net Weight: 314 pounds,
T.‘a’f?L - Code Word Price
483-F OUtpUE MEter ....oovei vsesimme s i . AVOID $70.00

PATENT NOTICE, See Note 5, page vi,
(Left) Plot showing the effect of temperature on the meter indication. Note that in the normal room temperature range
the Temperature coeflicient is j}l'it{'t]f’:i”)’ zero. Duata |Jil}tr0(l here are the average from a number of instruments.
(Right) Average frequeney characteristie of the meter.

METER READING IN VOLTS
METER READING IN VOLTS

TEMPERATURE IN DEGREES CENTIGRADE mtof;gjc\: R o “counlﬂ.ﬂm
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TYPE 583-A
OUTPUT-POWER
METER

USES: The output-power meter reads directly
the amount of audio-frequency power that a
source is capable of delivering into any desired
load. Thus the effeet of load impedance on
power delivered can be easily measured, and
the characteristic impedance of telephone
lines, phonograph pickups, oscillators, and
similar equipment ean be found by observing
the impedance which gives the maximum
reacding on the instrument.

In testing radio receivers the T'ver 583-A
Output-Power Meter is very useful as an
output indicator for standard selectivity
sensitivity, band-width, and fidelity fests,
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 conmected a voltmeter that is
alibrated direetly in watts lost in the load.
Actually the input is connected through a
multitap transformer and a resistance net-
work to an output meter.

FEATURES: » The power range covered is
50,000 : 1 and the impedance range 8000 : 1.
» All readings can be made directly and
quickly.

» Considerable overloads, for short periods
of time, can be handled by the rectifier-type
voltmeter used as the indicating element.

SPECIFICATIONS

Power Range: (1.1 to 5000 milliwatts in four ranges (3,
50, 300, 5000 milliwatts, full seale). The copper-oxide
meter is ealibrated from 1 to 50 milliwatts with an
auxilinry 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 diserete
impedances, distributed approximately logarithmically,
are obtuined by means of a ten-step OHMS dial and a
four-step MULTIPLIER.,

Accuracy: The aceuracy of hoth power and impedance
measurements varies with frequency. The maximum
error in full-seale power reading does not execed 0.5
decibel between 150 and 2500 eyeles, nor does it exceed
1.3 decibels at 20 and 10,000 eyeles. The average error
i 0.3 deeibel at 30 and 5000 eyveles, and 0.6 deecibel at
20 and 10,000 cyeles.

The maximum error in impedance does not exceed 7%
between 150 and 3000 eyveles, nor does it exceed 509 at
20 and 10,000 eyeles. The average crror is 89 at 30 and
5000 eveles and 209, at 20 and 10,000 exeles.
Waveform Error: The indicating instrument used is a

Tupe

583-A
PATENT NOTICE. See Notes 5, 6, puge vi,
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copper-oxide reectifier-type meter, ealibrated in r-m-s
values for a sinusoidal applied wvoltage. When non-
sinuzoidal voltages are applied, an error in indieation
ean oceur, since the meter is not a true r-m-s indieating
device. The error will depend on the magnitude and
phase of the harmonics present, but with waveforms
normally encountered in communications work, will not
be serious.

Mounting: The instrument is mounted on an aluminum
panel in & walnut cabinet.

Dimensions: (Length) 10 x (width) 7 x (height) 6
inches, over-all,

Net Weight: S1{ pounds.

: Loss- AT
ADJUSTING |

| meTER
il MULTIPLIER
-~ | P

e

Code Word Price

ABUSE | $120.00
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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 circuits.

Some of its specific uses include the testing
of amplifiers, transformers, and other net-
works. It is particularly useful for simulating
loud-speaker or other load impedances in
testing the output characteristics of high-
power audio systems, since it will measure
power outputs as high as 100 watts, It is
sufliciently sensitive, on the other hand, to
be useful for measurements on very low-level
circuits.

DESCRIPTION: Functionally the Typr 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 Tyre
583-A Output-Power Meter,

» The auxiliary decibel scale is a eonvenience
for many types of measurements.

SPECIFICATIONS

Power Range: (1.2 milliwatt to 100 wutts in five ranges
(10 and 100 milliwatts, 1, 10, and 100 watts, full seale).
An auxilinry decibel seale on the meter reads from —10
to 410 deecibels above a reference level of 1 milliwatt.
With the multiplier the total range is —10 to 450
decibels above 1 milliwatt.

Impedance Range: 2.5 to 20,000 ohms, Forty diserete
impedances, distributed approximately logarithmieally,
are obtained by means of a ten-step OHMS dial and a
four-step MULTIPLIER.

Impedance Accuracy: The input impedance is within
29, of the indieated value, except at the higher audio
frequeneies, where the error for the higher impedance
settings may exceed this value. At 15,000 eyveles the input
impedanee error is about 59 lor impedances from 10,000
to 20,000 ohims.,

Power Accuracy: The indicated power is accurate to
=+0.25 db at full-scale reading. At the lowest impedance
multiplier setting (2.5 to 20 ohms) there may be an
additional error of 0.2 db due to switch contact resistance
when the power multiplier is set at 10 (10 to 100 watt
range).

The over-all frequency characteristic of the power
indieation is flat within 24=0.5 db from 20 exeles to 10,000
eveles; within ==0.75 db to 15,000 eyveles.

Waveform Error: The indicating instrument used is a
copper-oxide rectifier meter, calibrated in r-m-s values
for o sinusoidal applied voltage, When non-sinusoidal
voltages are applied, an error in indication ean oceur,
since the meter i not a true r-m-s indicating device.

Type

783-A
PATENT NOTICE, See Notes 5, 6, page vi.

GENERAL RADIO COMPANY

Output-Power Meter . ... .. ..

The ervor will depend on the magnitude and phase of
the harmonies present, but, with waveforms normally
encountered in measurement eireuits at communications
frequencies, will not be serious.

Temperature and Humidity Effects: HHumidity condi-
tions have a negligible effect on the aceurney of the
instrument.,

The instrument is ealibrated at 77° Fahrenheit and, if
the ambient temperature departs widely from this value,
additional errors of indication may he expected. At high
temperatures (95° Fahrenheit) this additional error may
approach the nominal ealibration error, particularly at
the higher frequencies,

The instrument is so designed that the heat dissipated
by the instrument itsell has a negligible effect on the
aceuracy.

Mounting: The instrument is mounted on a phenolic
panel in a walnut eabinet.

Dimensions: 8 x IS x 7 inches, over-all.

Net Weight: 17 pounds,

Code Waord Price

ABBEY | $260.00
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METERS

TYPE 1500-A COUNTING RATE METER

USES: The Counting Rate Meter with its
Geiger-Mueller counter is a complete instru-
ment for measuring the rate of random ema-
nations from radio-nctive materials. As such,
it is a basic tool in nuclear physies, where
applications are developing rapidly in many
seientific and industrial fields,

Two familiar applications are the quanti-
tative measurement of radio-active materials
in hospitals, and cosmic ray research. A most
promising field is in conjunction with radio-
active isotopes, several hundred of which are
now being produced in relatively large quan-
tities. The radio-nctivity of such isotopes
provides a tracer by means of which their
course in chemieal and physical processes

View of Pre-amplilier with cover removed to show

Beta-Ray Counter which has a foil window made

of 0.001=ineh aluminum alloy. Note the convenient

wrrangement for plugging counters in or out of
the civeuit.

can be followed with the counter. The present
applications of this technique include prob-
lems in medicine, chemistry, geology, metal-
lurgy and agriculture.

DESCRIPTION: The counting rate meter con-
sists of & probe containing a quenching pre-
amplifier and a socket in which the counter
tube is normally mounted, a second amplifier,
a cireuit which standardizes the shape of the
pulses without affecting their number, an
amplifier to charge a shunted capacitor, and
a vacuum-tube voltmeter which measures the
charge. This charge is proportional to the
rate of emanations, and the indicating element
is calibrated directly in counts per minute.
This rate may also be simultancously recorded
on a pen and ink recorder. Five ranges are
provided, and the total range of indication
is from 5 to 20,000 counts per minute. The
internal power supply system operates [rom
the a-c¢ line, and adequate voltage regulation
is provided.

FEATURES: » A continuous indication of
counting rafe is given by the Tyre 1500-A
Counting Rate Meter.

» A S-milliampere recorder can be connected
directly to a panel jack to give a continuous
record of counting rate as indicated by the
meter.

» The output of the trigger cirenit is avail-
able at terminals at the rear of the instru-
ment to operate an integrating register, if
desired.

» The counter iz so made that it can be
plugged in and out of a socket in the same
manner as an ordinary vacuum tube, Chang-
ing or replacing counter tubes is thus greatly
facilitated.
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» A loudspeaker is mounted on the panel to
provide an audible monitor.

» The high-voltage supply for the counter
cireuit is well regulated and is continuously

METERS

adjustable from 400 to 2000 volis, so there
is no difficulty in operating the counter on
the platean of its characteristic. This voltage
is also available at terminals at the rear,

SPECIFICATIONS

vitlues of 200, 600, 2000, GO00, and

Range: Full seale

20,000 counts per

inute an ;'I"-‘-'i'i"-ll The minimum

that ean be read on the meter seale is 5 counts per

minute,

Accuracy: The instrument

enerator ol o

has been calibrated with a

pulses to yield

noaeounracy

of o of Tull + O FAIges.

The resolving time of the instrument s adequate for
random eounts up to 20,000 per minute.
Counter Tube: No counter tube is supplied with the
instrument but non-sell-gquenching beta- and gamma-ray

Geiger-Mueller counters are available hown in the

prive list below, An alpha-ray ecounter ean also be used

with the instrument if desired. The counter ig mounted

v, which is supplied with the instrument, and

in the

replacement is simple,

Counter Circuit Voltage: Tl » upplied to the
counter eireuit is continuo

' Ill
cight-position swit nd a 1
the between switeh points. Means is
Jaro lizing the voltage so that the
neceurney of the voltage rendings is within 3% of the
aetunl value, The power supply is well regulated so that
line-voltage fluctuations do not eause changes in the
high-voltage supply.

le from 400 1o

00 volts, The of the v 15 read from an
1 dial which covers

200-volt intery

ded for sta

Output: T"he output of the Il'i_l_{',:nr' cireuit i® available at
terminunls at the rear of the instrument. The 400- to

Ty

*1500-A
1500-P2
1500-P3

*Without Counter Tube
PATENT NOTICE, See Note 30, page vi.

Co:nfing Rate Meter.........
Beta-Ray Counter Tube.......
Gamma-Ray Counter Tube. ...

2000-valt variable high-voltage supply iz alzo availuble

at the rear of the instru
Recorder: A panel

S-ma recorder into the
Aural Monitor:

panel for use as an

1 lor connecting n

pusition, is provided for a

\ 10 .
Power Supply: 105 1o 125 volts, 50 to 60 cycles. By «
.-_'i.'||;-3|' chunge 1n eonnections on the power translormer,
a 210- to 250-volt line can be used.

Power Input: 60 watls,

Accessories Supplied: Plug for connecting recorder
and line connector eord

Accessories Required: A counter tube must he obtained

separately (see

price list helow ).

Vacuum Tubes:

a—6=5J7 2—6.J5
1 GAGT 1—6076
1 -6X5-GT /G 2—441
Ll —2X2 &79 2—00C3 /VIL10H

All are supplied.
Mounting: The instrument is shipped with walnuat end

frames for table mounting, R ay-rack mounting is

possible by removing the end frames.

Dimensions: Panel, 19 x 8 1 inches; depth bebind panel,
13 inehes.

MNet Weight: 45!y pounds.

Coelee Word Price

$495.00
Price on Request
Price on Request

WORRY
WORRYBETAR
WORRYGAMMA

PULSE - SHAPING AMPLIFIER
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METERS

TYPE 546-C AUDIO-FREQUENCY MICROVOLTER

IMustration shows older model, Tyre 546-B
USES: The Tvyvrre 546-C Audio-Irequency
Microvolter 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
input voltage is extremely valuable. The
microvolter can also be used to measure other
small voltages by substitution methods.

DESCRIPTION: This instrument consists, es-
sentially, of a constant impedance attenuator
and a voltmeter by means of which the input
to the attenuator is standardized, A switch
controls the output voltage in decade steps
while an individually ealibrated dial provides
continuous control over each decade.

FEATURES: » An excellent frequency charae-
teristie, 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 seales, in addition to the voltage
calibration of the meter and multipliers, are
provided. These scales make it possible to
obtain relative response characteristics in
decibels without caleulations.

SPECIFICATIONS

OQutput Voltage Range: From 0.1 microvolt to 1.0 volt
open cireuit, when the input voltage is set to the stand-
ardized reference value.

Accuracy: For open-ecircuit output voltages the ealibra-
tion iz aceurate within 24=(3% -+ 0.5 microvolt) for
output settings above 1 microvolt and for all frequencies
between 20 and 20,000 eyeles. For higher frequencies up
to 100 ke the calibration is aceurate within £=5% for
output settings above 100 mierovolts, These apecifications
apply only where waveform and temperature errors are
negligible (see below ).

In ealeulating ratios of output veltnges, at a given
frequency, the aceuracy of any given reading ean he
considered to be within =+ 205 4+ (0,5 microvolt), at
frequencies up to 100,000 eyeles. At the higher frequencies
this accuraey applies only at levels above 100 mierovolts.

The miecrovolter ean be used on de if an external
meter is used or if the internal meter has been calibrated
for de.

Output Impedance: The output impedance is approxi-
mately 600 ohms and is constant with setting within
+5%. Thiz impedance is sufficiently low so that no
correction on the output voltage is necessary for load
impedances of the order of 100,000 shms and greater.
Input Impedance: Approximately 0600 ohms, sub-
stantinlly independent of sutput setting on ull but the
highest multiplier position.

Waveform Error: The aceurncy of the microvolier as
a culibrated attenuator or voltage divider is independent
of waveform. The absolute aceuracy of the output voltage
calibration depends on the characteristies of the input
copper-oxide rectifier voltmeter, which has a small
waveform error that depends in turn on both the phase
and the magnitude of harmonics present in the input.

Tupe

This error in the voltmeter can, in general, be neglected
when the microvolter is used with ordinary lnboratory
oscillators, The reetifier-type voltmeter itself introduces
some distortion unless the source impedance is very low,
With a 600-ohm source the distortion introduced is
about 0.29.

Temperature Error: The accuracy of the ealibration is
independent of temperature when the microvolter is used
as an attenuator or voltage divider, The absolute aecur-
aecy ig affected slightly by temperature beeause of change
in the voltmeter charaeteristies. The necessary eorrection
for temperatures from 65 to 95° Fahrenheit is furnished
with theinstrument, The effects of humidity are negligible.

Power Source: The driving oscillator must be capable of
furnishing about 2.2 volis across 600 olins, or about
8 milliwantts,

Terminals: Jack-top binding posts are mounted on
standard 34 -inch spacing.

Mounting: The instrument is mounted on an aluminum
panel in a shielded walnut eabiner,
Dimensions: (Length) 10 x (width
inches, over-all,

Net Weight: 614 pounds.

7 x (height) 634

CONTINUQUSLY VARIABLE
ouTPUT

INPUT | 1 > oUTPUT

Code Word Price

546-C
*Reg. U, & Pat. O,
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$110.00
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FREQUENCY AND TIME

The determination of frequency directly in
terms of time is a fundamental measurement;
since frequency is the leme rate of recurrence
of a eyelical phenomenon. A primary standard
of frequency is, therefore, defined as one
whose [requency is determined directly in
terms ol time. A secondary standard is one
whose frequency is determined by comparison
with a primary standard, or by comparison
with other secondary standards, some one of
which was originally compared with a primary
standard.

It is 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 classed as
a primary standard if 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 accurate time determina-
tions by astronomical observations is not
assumed by the individuals desiring a primary
standard of frequency. The time determina-
tions are carried out by observatories espe-
cially equipped for the purpose. The results
are made available to a large number of users
by radio and wire transmission. In the United
States, the U. 5. Naval Observatory trans-
mits high-precision time signals by radio

ROTATIONAL
PERIOD OF
THE EARTH

STANDARD
TIME INTERWAL

COMPARISON
IN CYCLES PER ‘SECOND
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through the facilities of the U. 8. Naval Radio
Service. Transmissions on several frequencies
are available several times a day and can be
received nearly all over the world.

The user of a primary frequeney standard
can then conveniently determine the fre-
queney of the standard in terms of the stand-
ard time interval sent to him by radio. In the
General Radio equipment means 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, 1. C.

Since the astronomical clocks now used
at the Naval Observatory are piezo-clectrie
oscillators, similar to those used in accurate
frequency standards and since, through eclose
cooperation of the U. S. Naval Observatory
and the National Burcau 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 clocks,
the comparison with time is, in effect, carried
out. by the observatory. The standard fre-
quency transmissions gent out by the Bureau
of Standards consequently represent a primary
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 frequeney than by time.
IFor information and schedules of transmission
ol standard frequencies, apply to the Radio
Division, Bureau of Standavds, Department
of Commerce, Washington, D. (.

Because of the vagaries ol high frequency
transmission, many users rely on  checks
against time as a reserve. They also use the
primary standard as o high-precision clock for
lahoratory timing purposes,

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 I-t'r_»rillvru"\'_ for con-
venience in measurements. Sinee most of the
precision oscillators operate in the region of
50 to 100 ke, it iz necessary to divide the fre-
quency to obtain a vilue such that an easily
constructed svnehronous motor ean be used
to count the number of eyveles executed by the
precision oscillator in a standard interval of
time. I'or measurements of high radio frequen-

Bloek  dingram  showing the HMinetional
1100-AP Primary Frequeney
Standard and the range ol output 1'|'|‘1|\11-1:<'i.L~.- :|\':ti|;1h!l:
from it.

Fieure 1.
H

angement of the Tyer
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cies, it is necessary to multiply the standard
frequency to obtain useful frequencies in the
range of the frequeney being measured. Both
ol these operations are readily performed by a
controlled relaxation oscillator, known as a
multivibrator.

An oscillator of this type is characterized
by its susceptibility to control by an intro-
duced voltage, the frequency of which lies
near the fundamental, or low-order harmonic,
frequency. In the controlled condition, the
relaxation oscillator locks into step with the
control voltage, and the frequency bears an
integral relationship to the frequency of the
controlling voltage.

THE PRIMARY FREQUENCY STANDARD
TYPE 1100-AP

The clements of a primary  frequency
standard, General Radio Type 1100-AP, are
shown in Figure 1.

The frequeney of the precision oscillator is
100 ke, which is divided successively by fac-
tors of 10 to obtain multivibrator fundamental
frequencies of 10, 1. and 0.1 ke. A fourth
multivibrator operating at a fundamental fre-
quencey of 100 ke, provides a large number of
harmonies at 100 ke intervals for use at high
radio frequencies. Harmonies 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) Frequeney Standard is indica-
ted in Iigure 1. Complete specifications are
given on pages 164 to 166,

This frequeney standard is the result of
many yvears of contimous development in the
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

Froure 2. View of the Type 1190-A Quartz Bar used in

Typre 1100-A Frequency Standard, with cover removed,
showing the spring suspension.

GENERAL RADIO COMPANY
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Fravre 3.
eleetrie oscillator used in the Tyer 1100-A Frequency
Standards.

Elementary eirenit of the bridge-type piezo-

in 10% over periods of several months, and a
short-period  stability of approximately 2
parts in 10%, The quartz bar and its mounting
are shown in Figure 2. The bar vibrates in its
second-harmonie  extensional mode, and is
held at its two nodes in a spring suspension
mounting in such a manner as to introduce a
minimum of damping. Electrodes are formed
directly on the surfuces of the quartz. The
cross-scctional dimensions of the bar have
been so chosen that the temperature coeflicient
of frequeney is zero in the vieinity of the oper-
ating temperature of 60° C.

The temperature-control system holds the
temperature of the quartz bar constant to
better than 0.01° €', The principles of opera-
tion of the temperature-control system were
outlined in an article entitled “Notes on the
Design of Temperature Control Units,” by
J. K. Clapp, General Radio Experimenter,
August 1944,

A bridge-type oscillator circuit is used,
shown in schematie form in Figure 3. In this
circuit, the erystal vibrates at its series reso-
nant frequency and the amplitude of osecilla-
tion is constant. For an analysis of the cireuit,
see J. K. Clapp, “A Bridge-Controlled Oseil-
lator,” General Radio FExperimenler, April
1944, and May 1944,

THE SECONDARY FREQUENCY STANDARD
TYPE 1100-AQ

In the past there was a useful field for fre-
queney standards of less than the best possi-
ble precision, such standarvds being checked
frequently against standard frequeney trans-
missions. These standards could be manufae-
tured at a lower cost than the more precise
standards and consequently were used in
many applications where price was a govern-
ing consideration.

At present the demand for more accurate
secondary standards, coupled with less expen-
sive designs for primary standards, makes it
undesirable to make two types of standard.
Consgequently, the same component units are
offered for use as a secondary standard—the
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precision oscillator, and multivibrator and
power supply unit, but without the synecron-
ometer unit. (This latter unit can be added
later, if desired. All that is necessary is to
mount it and plug in a cable supplied for the
F)Hl'}ll}\l'.'

FREQUENCY MEASUREMENT

The next step, after establishing a series of
standard frequencies 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 of one
of the standard frequencies. Any unknown
frequency will lie between two of the standard-
frequency harmonies as shown in Figure 4.
The simplest process is to determine the dif-
ference in frequency between the unknown
frequency and the nearest of the standard
frequencies. This difference is added to the
standard frequeney if the unknown lies above
the standard, or subtracted if the unknown
lies below the standard frequency.

n
HARMONIC WUMBER

Frovne 4. This dingram shows the relation between an
unknown frequeney and a standard harmonic series.

For evaluating the [requeney  difference,
A or B, (Figure 4) a convenient method con-
sists of beating the standard and unknown
frequencies in a detector, and measuring the
beat frequency by comparison with a cali-

PHONES OR
BEAT INDICATOR

Fravne 5. Funetional diagram showing the operation of

the direet-beating method of frequeney measurement.

brated audio oscillator asindieated in Figure 5

The Tyre 1105-\ Frequency Measuring
Equipment has been designed as an assembly
of the necessary instruments for measuring
unknown frequencies in terms of standard-
frequency harmonies obtained from the Type
1100 Frequency Standard. This assembly in-
cludes an interpolation oscillator and com-
parison oscilloscope for measuring audio and
beat frequencies, as well as the necessary
radio-frequency detectors and calibrated oseil-
lators used in measuring the higher frequen-
cies. Complete descriptions of this equipment
are given on pages 167 to 175,

WIDE-RANGE FREQUENCY METERS

For 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 I'r‘i-t{m‘m-‘\-' and aceuracy ranges.
The simplest of these is the time-honored
resonant-cireuit wavemeter, which is still a
valuable tool for general experimental work
or for making preliminary adjustments on
oscillators and transmitters. Several models
of wavemeters covering different frequency
ranges, accuracies, and resonance indieators
are described in detail on pages 193 to 196.

The heterodyne frequency meter is eapable
of making measurements more accurately
than the wavemeter and still is small enough
so that portability and simplicity are not lost.
One model, the Tyre 620-A, described on
page 178, contains a one-megacycle erystal
calibrator which makes possible frequency
measurements to an aceuracy of 0.019.. The
Tyrr 720-A is a 0.19 instrument for use up
to 3000 megacyveles. The direct-reading dials
on these instruments make rapid measure-
ments possible.

The Tyre 1110-A Interpolating IFrequency
Standard, page 176, is a new type of instru-
ment. designed  particularly  for use with
heterodyne frequency meters to extend ac-
curate frequency measurements up to 2000 or
3000 megacveles. This instrument is essen-
tinlly a ervstal-controlled frequeney standard
variable over the range from 1000 to 1010
kilocyeles. Two multivibrator units give 100-
ke and 1-Me harmonies. The fact that the
oscillator and multivibrator outputs are vari-
able over a 197 range means that this instru-
ment can be used with a heterodyne fre-
quency meter such as the Typr 720-A, page
180, to provide an accurate check point at
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any point on the dial of the Type 720-A. Thus
the accuracy of high-frequency measurements
made with the Type 720-A Heterodyne Fre-
quency Meter is improved to at least 25 parts
per million.

FREQUENCY MONITORS

As contrasted with the problem of fre-
quency measurements over wide ranges of
frequencies, certain operating requirements
demand the continuous measurement of a
single, or a very few frequencies. The contin-
uous monitoring of the frequency of a radio
transmitter is one instance. Frequency moni-
tors are now required by law for many classes
of service in the United States and foreign
countries.

For continuous monitoring, the process of
measurement must be reduced either to auto-
matic or very simple operation. In the Tyre
1181-A Frequency Deviation Monitor, de-
signed for the standard broadecast frequency
range (see page 182), the carrier frequency is
compared with that of a piezo-electric oscil-
lator which is offset from the assigned carrier
frequency by 1000 cycles. The carrier and
secondary standard frequencies are fed to a
detector, where the beat-frequency difference
is obtained and is then amplified. The am-
plified output is then passed to a frequency-
indicating device, usually referred to as a fre-
quency-deviation meter. If the transmitter
frequency varies with reference to the fre-
quency of the secondary standard, the beat-
frequency also varies, and the departure from
the normal value is a measure of the carrier-
frequency deviation in both magnitude and
sign. The carrier-frequency deviation can
thus be continuously indicated on a meter; the
operating personnel can easily check the.fre-
quency at any time and make the necessary
adjustments to correct any deviations which
oceur. If desired, such deviations may be re-
corded, so that a permanent record of the
station performance is obtained.

In some cases, especially for high-frequency
services, a somewhat simpler type of monitor
is more desirable. The Type 1175-B Frequency
Monitor, for instance, has a small crystal oven
which has mounting facilities for four crystals,
see page 186. By using a particular harmonic
of the erystal oscillator frequency it is possible
to use this monitor for transmitter frequencies
from 1600 kilocyeles to 162 megacyeles. If the
transmitter is off frequency, a beat signal,
whose frequency equals the transmitter devia-
tion frequency, appears at the output termi-
nals of the monitor and can be measured
directly by means of the Type 1176-A Fre-

GENERAL RADIO COMPANY

FREQUENCY

quency Meter, page 188, which has a range
extending from 25 to 60,000 eycles. Provision
is also made for using head telephones if the
beat is in the audio range, and in all cases the
direction of the deviation can be determined
quickly.

A special model, the Tyee 1175-BT, page
186, has been designed to monitor the carrier
frequency of television stations operating at
frequencies up to 220 megacycles.

For monitoring f-m transmitters, a some-
what more complex system is required, since
not only the mean frequency, but also the
percentage modulation, or frequency swing,
must be measured. The Tyre 1170-A F-M
Monitor, deseribed on page 184, is designed for
this service. To obtain maximum stability,
this monitor uses a low (150 ke) intermediate
frequency, produced by beating the trans-
mitter with a harmonic of the standard-
frequency crystal oscillator, This beat is
passed through an i-f amplifier and limiter,
which shapes the signal into square-topped
pulses of steep wavefront. These squared
pulses are then applied to a counter-type dis-
eriminator, the output of which has a d-¢ com-
ponent corresponding to the mean frequency
and an a-c component corresponding to the
original modulating frequency. The d-¢ com-
ponent operates a meter to indicate center
frequency, and the a-¢ component operates a
conventional modulation monitor circuit and
provides a high fidelity signal for distortion
measurements. A 600-ohm output for audible
monitoring is also provided.

LOW-FREQUENCY STANDARDS

Where only a single standard frequency
below 100 cyeles per second is desired, neither
the complexity or the accuracy of the primary
standard is usually needed. For these applica-
tions the tuning fork standards listed in this
section are satisfactory. Type 815 Precision
Forks are low-power, battery-driven devices
with stabilities of the order of 0.019. The
vacuum-tube driven models, Typre 816, are
temperature-controlled and are stable to
0.0019;.

AUDIO FREQUENCIES

For the direct measurement of audio fre-
quencies, two instruments are available, the
Type 1176-A Frequency Meter, a direct-indi-
cating device for measuring frequencies up to
60 ke, and the Type 1141-A Audio-Frequency
Meter, a null-type Wien Bridge with a direct-
reading dial from 20 cycles to 20 ke.
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TYPE 1100-A FREQUENCY STANDARDS

{Abore) View of the Tyer
1100-AFP Primary Standard
of Frequeney., The individ-
ual punels are mounted in
2 bench-type eabinet rack.
When the standard is sup-
plied with the Tyre 1105-A
Frequeney Measuring
Equipment, a  floor-type
rack is furnished, and the
Tyre 1107-A  Interpola-
tion  Oseillator is  also
mounted in this rack.
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The Tyrr 1100-A Irequeney Standards
are completely new and highly precise stand-
ards of frequeney, operating on the principles
outlined on pages 160 and 161. Two models are
availuble, the Typrwr [HO0-AP Primary Stand-
ard and the Tyri 1100-AQ Secondary Stand-
ard. The same basie elements are used in
cach, and there is no difference in accuracy
and stability between the two assemblies.

The primary standard is provided with a
Syneronometer  (svnehronous motor eclock)
for evaluating its frequeney directly in terms
of standard time. The secondary standard
has no syneronometer. All other specifica-
tions are identical with those for the primary
standard,

Harmonic series based on fundamentals of
0.1, 1, 10, and 100 kiloeveles are available at
its output terminals to furnish usable stand-
ard frequencies over a wide range. The
aceuracy of all output frequencies is the
same and is better than five parts in ten
million over periods of several months,

Unless otherwise specified, each assembly
i= supplied in a beneh-type relay rack, When
the Tyrr 1105-A I'requency Measuring
Fquipment iz ordered with either standard,

(Abore) View of the Tyre

1100-A€) I're-
queney Standard, he eab-
inet rack is designed to be
used on a table or beneh.
No syneronoimerer is in-
cluded with this assembly,

Secondary

and o Dlank panel ig sup-

plied to fill the wunused
space al the top of the rack.

Hoor-type racks are supplied.

dingram of the

ROTATIONAL
PERIOD OF
THE EARTH

COMPARISON

frequencies
a Tyree LIOD-A Frequeney Standard.

IN CYCLES PER SECOND
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A functional layvout of the standard is
shown below. Brief deseriptions of the indi-
vidual units are given on the following page,
and complete specifications on page 166.

A newly designed assembly of frequency
measuring equipment for use with these
standards is described on pages 167 to 169.

General Radio IMrequency Standards are
known the world over for reliability and
accuracy. They are used by governmental
agencies, industrial plants, military services,
and research laboratories. These new models
have all the features of their famous prede-
cessors, plus many additional advantages in
convenience, size, weight, performance and
appearance, that result from General Radio’s
continuous program ol research and develop-
ment in the field of frequency measurement
and standardization.

The primary standard is an excellent na-
tional standard of [requency for communiea-
tions ministries, and with the Typr 1105-A
Frequency Measuring Equipment, can be
used to monitor or to measure the requencies
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
the requirements make it advisable to have
an independent check against time.

GENERAL RADIO COMPANY



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 standard, an accurate check
upon its frequency can be made by a com-
parison with standard-frequency radio trans-
missions such as those of the National Burcau
of Standards at Washington. This comparison

FREQUENCY

is adequate to evaluate the frequency of the
standard to a few parts in one hundred
million.

Shown below are the individual panels that
make up the standard, with briel descrip-
tions ol their charaeteristies. Additional de-
tails of circuit and construction will gladly
be supplied upon request. Specifications and
prices are listed on page 166.

TYPE 1103-A SYNCRONOMETER

This panel includes a 1000-c¢yele synehronous motor
for effectively counting the number of eveles exeeuted
by the standard piezo-clectrie oscillator in a standard
time interval. A large, illuminated, 24-hour dial with a
long sweep hand makes for easy visibility. A microdial
contactor, operating once each seeond, and calibrated
in hundredths of a second, is provided for com-
parison with time signals, The microdial mechanism
ean be phased by means of a pancl eontrol. Com-
parison of the syneronometer reading with standard
time ean be made on the microdial seale to one part
in ten million over a 24-hour interval. The 1000-
eyvele synchronous motor is started by a 60-cycle
motor controlled by a push-button on the pancl.

TYPE 1102-A MULTIVIBRATOR
AND POWER SUPPLY UNIT

This unit contains four multivibrators of 100, 10,
1, and 0.1 ke frequencies, the power supply for the
entire standard, and the control cireuits of the
temperature-control  system ol  the Typr 1101-A
Piezo-Electric Oscillator. Concentrie shiclded con-
nectors are provided for 100-ke and 10-ke harmonie
outputs, for radio [requency measurements, and
10 ke, 1 ke and 0.1 ke for audio {requeney measure-
ments. These connections are all mounted on the
rear of the assembly. All tubes are aceessible from the
rear, without removal of any dust covers. The four
multivibrators are mounted on the rear panel, which
is removable without disconnecting any  wiring.
Meounting spacers and servicing cable are supplicd
to operate the multivibrators when the panel is
reversed, giving access to all components of the
multivibrator assembly.

TYPE 1101-A PIEZO-ELECTRIC OSCILLATOR

This oscillator operates with a Tyrr 1100-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 eireuit and 1z maintained within 0.01% C for all
ordinary ambient temperatures, The oseillator cirenit
assembly is mounted at the right behind the panel.
All tubes are aceessible from the rear without remov-
ing any dust covers. The oscillator panel is removable
on disconneeting leads to the quartz bar and remov-
ing the connecting cable plug. A bridge-type oscillator
cireuit is used.

A view of the Tyre 1190-A Quartz Bar is shown on
page 161,

TYPE 480-BA CABINET RACK

(not shown above)
A bench-type eabinet rack is supplied to house the
complete frequeney standard. When the Tyre 1105-A

GENERAL RADIO COMPANY

Frequency Measuring Equipment is ordered with
the standard, a floor-type rack is supplied, Openings,
with removable finished covers, are provided for
conneetions 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 megacycles
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 harmonies, The values here quoted are
easily reached when using the Typr 1106 Frequency
Transfer Units.

From 100-ke multivibrator, 100 ke and its harmonics
up to 50 megacycles.

From 10-ke multivibrator, 10 ke and its harmonics
up to 10 megacyeles.

From 1-ke multivibrator, 1 ke and its harmonics in
the audio-frequency range.

From 100-evele multivibrator, 100 cyeles and its har-
monics in the lower audio range.

From the syncronometer unit, one-second eontactor,
The time of occurrence of the contact may be phased
to oceur at any instant over a range of one second,

If a suitable high-frequency receiver is used to detect
them, 100-ke harmonies up to 75 or more megaeyeles 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 {requency 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 ohms). The r-m-s voltages measured
at the terminal strip of the standard, across a 10,000-0hm
load, are: 10 ke, 20 volts; 1 ke, 25 volts; 100 cyeles, 20
volts. These voltages are representative only; they are
not guaranteed values.

Frequency Adjustment: The frequency of the quartz
bar in its oscillator eircuit is adjusted to within 1 part
in ten million of its specified frequency in terms of
standard time. Slight changes in frequency may occur
during shipment but a control is provided for adjusting
the frequency after installation,

Accuracy: When the assembly is operated in accordance
with instructions, and after an ageing period of a month,
the rate of drift of the frequeney will remain below
5 parts in 10% per day and this will decrease 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,
and line voltage have practically no effect on the fre-

quency. The temperature coefficient of frequency of
the quartz bar is less than 1 part in 107 per degree C.
The temperature control is within ==0.01° (!, The voltage
cocfficient of frequency of the ervstal-controlled oseilla-
tor is approximately 2 parts in 10° for line voltage changes
of 109%. The average frequency variation from this
cause will be substantially less.

The fluetuations of frequency of the standard over
short periods, such as those required in making frequency
mensurements are less than 1 part in 107,

Output Terminals: The various output frequencies are
made available at shielded plug connections at the rear
of the assembly. Since all necessary wiring, for all inter-
connections between units of the assembly, is provided
in the form of ecables, 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—6ACT 1—6H6
10—68N7-GT 1—6K6-GT/G
1—5R4-GY 1—Tyrr 2 LAP-430

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
60 eycles.

Power Input: For the T'ype 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 Type 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-inch
relay-rack panels finished in black crackle lacquer, dress
panel construction. A eabinet rack, black wrinkle finish,
is supplied for mounting the units of the assembly.

Dimensions: The over-all dimensions of the assembly
in bench-type eabinet rack are (height) 43 x (width)
22 x (depth) 1514 inches. The available panel space is
19 rack units or 3314 inches.

Net Weight: In bench-type racks, Type 1100-AP, 200
pounds, Type 1100-AQ, 165 pounds; in floor-type racks,
Type 1100-AP, 335 pounds, Tyre 1100-AQ, 300 pounds.

Type _ Code Word Price
1100-AP Primary Frequency Standard . . ........ EXCEL $2235.00
1100-AQ Secondary Frequency Standard . ....... EXACT 1590.00

PATENT NOTICE. See Notes 1, 8, 12, 19, 27, 20, page vi.

When ordering either standard for use with
Type 1105-A Frequency Measuring Equip-
ment, be sure to specify Tyre 480-PA (floor-
type) relay rack. Otherwise a Typre 480-BA
(bench-type) rack will be furnished.
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TYPE 1105-A FREQUENCY MEASURING EQUIPMENT

The Tyrr 1105-A Frequency Measuring
Squipment includes all the auxiliary equip-
ment necessary for measuring unknown fre-
quencies in terms of the Typr 1100-A Fre-
quency Standards. The general arrangement
of equipment and the method of measure-
ment isshown in the functional bloek diagram,
page 169. When this assembly is used in con-
junction with either model of the Tyrw
1100-A Frequency Standard, measurements
can be made direcetly at frequencies up to
100 Me. Measurements at higher frequencies
an be made by using auxiliary equipment,
such as receivers or oscillators, to transfer
the unknown in harmonic steps to a fre-
queney below 100 Me. Where the frequency
range to be used is smaller or the type of
measurement to be made is specialized,
simpler assemblies can be furnished, and
quotations will be made upon request.

The individual instruments comprising the
Tyre 1105-A Frequency Measuring Assembly
are available separately, and all are described
in detail in the following pages.

The general method of measurement is out-
lined in the diagram on page 169. At radio
frequencies between about 100 ke and 100
Me, the unknown frequeney is brought into
the measuring system through the detector
section of a frequency transfer unit or through
an external radio receiver. The direet-reading
seale of the frequeney transter unit gives the
approximate value of the unknown frequency.
For a precise determination, the beat fre-
queney between the unknown and a standard
frequency harmonie is measured by compari-
son with the interpolation oscillator, the com-
parison being made on the oscilloscope.

Above 100 Me, external frequeney meters
such as the Typr 720-A and Tyre 620-A can
be used to establish a harmonie relation be-
tween the unknown and the standard fre-
quency. Other types of stable oscillators can
also be used for this purpose.

At audio frequencies, the interpolation
oscillator is matched directly to the unknown
frequency. A harmonie of the unknown can
be used at low audio and sub-audible fre-
quencies.

Between about 5 ke and 100 ke, the in-
terpolation oscillator is used to produce a
variable frequency circular sweep on the
oscilloscope. The unknown frequency is then
determined from the oscilloscope pattern.

The accuracy of measurement that ean be
easily realized is 40.1 cyele in determining
the difference between unknown and standard

View of Tyee 1105-A Frequeney Measuring  guip-

ment with Tyee 1100-AP Primary Frequeney Standard.

The measuring equipment assembly is suppliecd with

one floor-type relay rack, and the Tyer 1107-A Inter-

polation Osecillator mounts in the frequency standard
rack, below the standard,

frequencies. The fractional accuracy varies
with the frequency being measured ranging
from 2 in 10® at low frequencies to 1 in 10 at
high frequencies.

By reversing the procedure of measure-
ment, a precisely known frequency of any
value between 100 ke and 200 Me ean be
generated. The desired frequeney is available
at the output terminals of a frequeney trans-
fer unit. At audio frequencies, from the inter-
polation oscillator, audio frequencies hetween
0 and 5000 eyeles are available.

This equipment is the result of some
twenty vears of continuous development, and,
simplicity of operation has, next to accuracy,
been the guiding prineiple in its design.
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TYPE 1105-A FREQUENCY MEASURING EQUIPMENT

TYPE 480-MA RELAY RACK

The individual units, with the exception of the
Tyrr 1107-A Interpolation Oscillator, are mounted in
the Tyrr 480-MA Relay Rack. At the base of the rack

TYPE 1109-A COMPARISON OSCILLOSCOPE

This unit contains a eathode ray oscilloscope, with
its power supply; se In weting, smoothing and phase-
shlituu.. nelworks for cireular swee ps at line frequency,
0.1, 1, and 10 ke standard f!'t‘t|l|(‘|l!h < and at a v 111-
able Il1(|llf ney obtained from the interpolation oscil-
lator; and a selector providing for all necessary and
convenient comparisons required in making frequency
measurements. Most patterns are ]:I‘l'.‘-l.'lllt‘(l on & eir-
cular sweep by radial deflection.

TYPE 1106-A, -B, -C FREQUENCY
TRANSFER UNITS
(3 Panels)
Lach of these units contain a heterodyne frequency
meter and heterodyne detector, with dircet-reading
seales. Ranges are as follows:

Tyre 1106-A 100 ke  to 2000 ke
Tyre 1106-13 1 Meto 10 Me
Tyre 1106-C 10 Me to 100 Me

The harmonie output of the frequeney meter can be
used at frequencies higher than those covered by the
dial ranges, as explained in the operating instructions.
The output of the frequency meter is adjustable by
a panel control, as is the regeneration of the hetero-
dyne detector.

TYPE 1108-A COUPLING PANEL

This unit is the centralized control point at which
all switching and level adjustments necessary for using
the various combinations of measuring equipment

can be casily and quickly carried out.

TYPE 1107-A INTERPOLATION OSCILLATOR

Thig unit is a direet-reading audio-frequency oseil-
lator covering frequencies from 0 to 5000 cyeles, It is
used to measure the audio-frequeney difference be-
tween the unknown frequency 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 cireuit is provided with controls
for output of the interpolator and for the unknown
frequencey, so that a maximum beat amplitude ean be
obtained. A meter indicates output voltage and can
be used as a beat indieator for matching the inter-
polator and unknown frequencies,

is mounted a Tyre 1105-P1 Speaker for audible moni-
toring of beat tones.

All conneections between standard and measuring
assembly are made by means of pateh cords, which
are supplied.

Each of the instruments comprising the Type 1105-A Frequeney Measuring Equipment is available separately.
All are completely deseribed in the following pages, and those descriptions should be consulted for further details
of design and construetion, net weight, dimensions, ete.
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FREQUENCY

SPECIFICATIONS

Terminals and Connections: All instruments are Mounting: The complete assembly, with the exeeption
equipped with shielded concentrie connectors on the of Type 1107-A Interpolation Oscillator, mounts in a
rear of each unit, Suitable conneeting cords are supplied, standard 19-inch Tyree 450-MA Cabinet Raeck. This rack

3 1 2 " s Fruse - ) o .
- i - P inchudes serviee outlets for cach instrument. T'he dnfer-
Power Supply: 105 to 125 (or 210 to 250) volts, 50-60 hnd = h in

- ; 3 polation oseillator mounts in the frequency standard rack,
eveles, Other voltages or frequencies on special order only, P 3 e
A : as shown in the photograph on page 167,

Power Input: 200 watts. Dimensions: (Height) 7614 x (width) 22 x (depth) 2014

Accessories Supplied: Complete set of tubes, spare inches, over-all, Total rack space is 40 rack units, or
sets of fuses, pilot lights, Connecting eables, including 70 inches.
power supply cords. Complete operating instructions. Net Weight: 370 Ibs., including rack.
Type Code Waord Priee
I vk ; - s :
1105-A | Frequency Measuring Equipment...... | MITER Price on Request

This diagram shows in functional form the operation the heterodyvne detector. The unknown can then be
of the Tyre 1105 Frequeney Measuring Assembly, The estimated quickly from the calibration of the detector,
Tyrr 1105 Coupling Panel is the central unit from which or he determined more accuratel in}' use of the hetero-
all operations are controlled., dyne frequency meter, or he me red precisely by use

The unknown frequeney f, and a scries of standard of the interpolation oscillator,

frequency harmonies are applied through attenuators to

FREQUENCY TRANSFER UNITS

. =
TYPE 1106A |
100- 2000ke :_

TYPE 1106-8!
1-10Me !

TO TYPE 1100
FREQUENCY
STANDARD

TYPE [106-C
10-100 Mc

£l
O
0

3 TYPE 1109-A
DETECIOR == COMPARISON
d OSCILLOSGOPE

FREQ. METER
T0 TYPEIIOO - JTYPE 1107-4
FREQUENCY : : OLATIC
b 10 Ke r >
STANDARD _ _ : o | OSCILLATOR
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1
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TYPE 1108-A COUPLING PANEL
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FREQUENCY

FREQUENOY METER

TYPE 1106 FREQUENCY TRANSFER UNITS

USES: The Type 1106 Irequency Trans-
fer Units are utilized in transferring an un-
known frequeney for measurement against a
frequency standard, or for transferring a fre-
quency of known value (determined against
the standard) to an output eircuit. 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 harmonics of the standard; for
aceurately matching the heterodyne fre-
quency meter to the unknown frequency;
for use as a substitute source in measuring
frequencies under conditions of noise, fading
or of intermittent operation of the trans-
mitter; and for obtaining a frequency of any
desired value, accurately known in ferms of
the frequency standard. These instruments
can also be used as general purpose calibrated
frequency meters and detectors.

DESCRIPTION: The Tyres 1106-A, 1106-13
and 1106-CC Frequency Transfer Units are
identical except for their frequency ranges
which are:
Type 1106-A 100 ke to 2000 ke
Typre 1106-B I Meto 10 Me
Tyre 1106-C 10 Me to 100 Me

170

Each consists of a heterodyne frequency
meter (with harmonic generating circuits and
output control) and a heterodyne detector
(with audio-frequency amplifier and regenera-
tion control).

The heterodyne frequency meter oscillator
circuit is a highly stable oscillator having a
frequency range of 2 to 1 in two (1106-A) or
three steps (1106-B, -C). A direct-reading
frequency scale is provided for the funda-
mental and selected harmonie ranges, cover-
ing 10 to 1 in frequency (20 to 1 on 1106-A).
The harmonie output ean 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. Full details of operation are given
in the instructions.

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
between the frequency meter and a signal
frequency, by the three-oscillator method,
the detector serving as the third oscillator.
When not oscillating, it produces the beat
between the standard harmonic and the

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 frequeney meter
and detector direct-reading frequency scales,
nearly 360 degree rotation of the drum dials
is used. Both are approximately straight-line-
frequency in calibration. Operation of the
range selectors automatically sets the |mitih-r,~a
<0 that the likelihood of error in reading one
of the several scales on the dial is greatly
reduced.

FREQUENCY

FEATURES: » Dials are direct-reading in fre-
quency for both the frequency meter and the
detector,

» Range dials are illuminated and are mounted
behind panel and viewed through a window.

» Range switching for both frequency meter
and detector.

» The heterodyne frequency meter is de-
signed for a high degree of frequency stability,
and drift is negligible for the specified condi-
tions of use.

SPECIFICATIONS

Frequency Range:
Tyre 1106-A 100 ke to 2000 ke
Tyre 1106-B 1 Me to 10 Me
Tyre 1106-C 10 Me to 100 Me

The heterodyvne frequency meters all have 2 :1
fundamental ranges, with ealibrated 1]i1't'i‘l—11>!lifi[||.:
harmonie scales. The heterodvne detectors all have
fundamental ranges covering the specified band.

(9 ranges)
(10 ranges)
(10 ranges)

Calibration: The heterodyne frequency meter dials are
calibrated as follows:

Tyre 1106-A 1 ke intervals 100 to 400 ke
5 ke intervals 400 to 2000 ke

Tyre 1106-B 5 ke intervals 1.00 to  2.00 Me
10 ke intervals 2,00 to 10.00 Me
Tyre 1106-C 20 ke intervals 10,0 to  20.0 Me

100 ke intervals 20.0 to 100.0 Me
The ]u'l'l'l'!tl_\lu‘ detector dials are ealibrated with
somewhat greater frequency intervals, but the intervals
permit reasonable estimation of frv:lilrru'_\'.
Accuracy: The accuracy of the heterodyne frequency
meter  ecalibration permits positive identification of
harmonies, when used with a frequency standard. Used
[H-!i\iill]::”_\', the ealibration ecan be relied upon to
0.1 per cent.
Frequency Stability: The ecircuits of the oscillators
used for the heterodyne frequency meters are designed
for high r«f:liliiit}' against changes in supply voltage or
changes in tube eapacitances. The heterodyvne detector
stability ig not ag good, but is sufficiently high so that
no lii”i:'!ﬂl‘\' 15 encountered {rom wvariatiens in In.'tkillj.:
[I'{'r|ll.|'r||'.\.' measurements.
Input and Qutput Circuits: The harmonic output of
the heterodyne frequeney meters is available at shielded

Type

1106-A
1106-B
1106-C

Fr;q_uency Trnn-sfer Unit 100-2000 Kc . .|
Frequency Transfer Unit 1-10 Mc. .. ...
Frequency Transfer Unit 10-100 Mc. . ..

eoncentrie jacks for use with 50-65 ohm concentrie cable.
Harmonics of the fundamental frequeney to at least the
10th are usable. The radio-frequency input and the audio-
frmlll:-rlr'_\‘ output conneections of the heterodyne detector
are shielded coneentrie jucks, The input cireuit is suituble
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
eyeles, Other voltages or frequencies on special order only.,
Power Input: 40 watts.

Tubes: Supplied with instruments:

Tyre 1106-A, -B Tyre 1106-C

3—68J7 1—68J7
1—6J5 1—6J5
1—6SNTGT 1—68SN7GT
1—G6H6 1—6X5G
1—6X506 1—9001
1—0D3, VRS0 —0D3 VRR150

1
20002

Accessories Supplied: Spare pilot lights and fuses;
line connector cord.

Controls: Power ON-OFF switch; heterodyne frequency
meter PLATE supply switch; heterodyne frequency
meter and heterodyne detector RANGIE (eoil selector)
switches; frequeney controls; heterodyne frequency meter
OUTPUT econtrol; heterodyne detector REGENERA-
TION eontrol.

Mounting: Standard 19-inch relay-rack mounting;
dress-panel construetion: black erackle lacquer.
Dimensions: Panel (length) 19 x (height) 10% inches;
behind panel (length) 17'4 x (height) 10'4 x (depth)
12 inches,

Net Weight: 474 pounds,

Code Word - i Price
ABOUT Price on
ACTOR
) R st
ADEPT } eque
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FREQUENCY

TYPE 1107 -A INTERPOLATION OSCILLATOR

USES: The principal use of the Tyrw
1107-A Interpolation Osecillator is, in econ-
nection with a frequency standard, to measure
the difference between the unknown [re-
quency and a known standard harmonic.
The direct-reading linear seales of 0 to 5000,
and 5000 to 10,000 cycles make possible the
rapid evaluation of the frequency difference,
by addition only, with high accuracy. While
the dials are marked as deseribed, the actual
frequeney range is 0-5000 excles.

The linear scale of this oscillator also
makes it useful for other types of work where
aceurate frequency increments are desired.

DESCRIPTION: The 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 variable-frequency oscillator frequency
is controlled by a precision variable air
capacitor; the fixed oscillator frequency by a

172

fixed air eapacitor. The inductors of both
oscillator circuits are wound on ceramie forms
and are shielded, effectively eliminating 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 indieator for matehing
the oscillator output frequency to an un-
known audio frequency. Individual controls
are provided for the oscillator output and
unknown frequeney 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
frequeney.

FEATURES: » The fixed oscillator is provided
with a switch which permits changing the
frequency by exactly 5000 cyecles. By thus
changing the frequency the oscillator can be
fitted with a seale reading 5000-10,000 cycles.
When measuring an unknown frequency lving
below the standard frequeney, the beat fre-
quency need not be subtracted from the
standard frequency to obtain the unknown
frequency. Instead the 5000-10,000 cycle
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seale is used and the reading is added to the
['1'1-1111:-“1-.\' of the next lower standard fre-
queney harmonic.

» An indicator light U]}(']':lll'(l i:_\' the switch
indicates the proper seale to be read.

» Stability of output frequency, and linear,

FREQUENCY

easily read scales are features of great con-
venience in use.

» I"or measuring very small frequency inere-
ments, two direet-reading ineremental fre-
quency dials (one for the 0-5000 seale and
one for the 35000-10,000 cycle scale) are
provided.

SPECIFICATIONS

Actual Frequency Range: 0-5000 cycles per second.
Dial Calibrations: “DIRECT™: 0-5000 eyeles, with the
oscillator frequency increasing from 0 to 5000 divisions
on the seale, "RIEVIERSE: 3000-10,000 eycles with the
ogeillator frequeney decreasing from 5000 cyveles to zero
while seale reading goes from 5000-10,000 divisions,

Accuracy: The instrument is aligned to agree with the
linear direet-reading seales to within =2 eveles.

The variable capacitor is provided with a precision
worm drive so tha

jr]'t‘l'ie‘r frequency settings can be
made. Small residual errors are easily and quickly re-
moved in the region of any frequency in the range by

fine adjustment of the zero with reference to a frequeney
a 1-ke or 0.1-ke output, or both. For

standurd havin
evalunting very small frequency differences, independent,

direct-reading frequency inerement dials are provided
for the two seales.

OQutput: The output voltage is adjustable up to 15
volts., The output cireuit impedance i approximately
GO0 ohms.

Mixer Circuit: A mixer cireuit, with volume econtrol,
is provided for injecting a frequency to be measured
into the amplifier c¢ircuit. BBeats may be observed on the
output meter, or by means of head telephones or speaker.

Power Supply: 105 to 125 (or 210 to 250) volts, 50-60

Ty

1107-A

FIXED
OSCILLATOR

42 or 4TKe

VARIABLE
OSCILLATOR

42 TO47Ke

GENERAL RADIO COMPANY

| Interpolation Oscillator ... .....ovuuu..

eveles, Other voltages or frequencies on special order only.
Power Input: 50 waltts, approximately.

Controls: ON-OI'I" switeh; DIRECT and REVIERSI
seale switeh; Two Af and zero-set controls; main FRE-
QUENCY econtrol; OUTPUT and INPUT (mixer)
volume controls,

Meters: Output voltmeter; used also as a beat indieator,
Terminals: Terminals, both on panel and at rear, are
]nl'rn\'illl'nl for both mixer input and oscillator output.
Panel terminals are universal for two pin or concentrie

plugs. Rear terminals are for concentric plugs.

Tubes: Furnished with instruments:

2—68J7
2—HSNTGT
3—6J5GT
1—6X5GT

0D3 VRI150
Accessories Supplied: Spare pilot lights, fuses. Power
I"IJ"l_
Mounting: Standard 19-inch relay-rack mounting.
Dimensions: Panel
hehind panel,
inches.

Net Weight: 4014 pounds.

length) 19 x (height) 1215 inches;

length) 174 x (height) 12 x (depth) 12

Price

Caode Waord

BARON | Price on Request

)

0-5000 CYCLES

INPUT
AMPLIFIER
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FREQUENCY

TYPE 1109-A COMPARISON OSCILLOSCOPE

USES: This instrument is particularly in-
tended for use with a T'yer 1100-AP Primary
Frequency Standard (or Tyre 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 Tyee 1109-A Comparison Oscilloscope
provides a convenient means of measuring
audio and ecarrier frequencies, or of calibrating
oseillators in these frequency ranges.

DESCRIPTION: The Tyre 1109-A Comparison
Oscilloscope contains a 3-inch, radial deflec-
tion eathode-ray tube and its power supply.
Selective amplifiers with power supply, phase-
shift net-works, and controls are provided for
obtaining circular sweeps at frequencies of
the power line, and 0.1, 1, and 10 ke from the
frequency standard, and at variable frequency
obtained from the Typrr 1107-A Interpolation
Oscillator. A radial deflection amplifier is
provided, for displaying the input signal on

INTERP. O3C.FOR
VARIABLE FREQ
FOR CIRC. SWEEP

-

HOR
-—a— INTERF. e
4 03C.

183 CLOSED FOR CIRCULAR SwiEP
284 CLOSED FOR X 8 Y DIFLECTION

= ODEFLECTION

the circular sweep base. 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 ecircular
sweeps provides syvmmetrical 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 casily established on
the basis of the fype of pattern obtained.
When used on base frequencies 10 or 100 times
higher, the same (ypes of pattern correspond
to frequencies just 10 or 100 times higher
than the original system of known frequencies.

Block schematic diagram of
the Tyrr 1109-A Comparison

Oscilloscope.

SPECIFICATIONS

Frequency Range: Useful patierns ean be obtained
over the frequency range from very low audio frequencies
to radio frequencies of o few hundred kiloeyeles, In the

range up to 100 kiloeyeles, an input voltage of 0.5 volt
gives full radial deflection. Larger voltages give very usc-
ful squarc-wave radial defleetions,
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Controls: ON-OFF switch; BRILLIANCE, FOCUS,
and CENTERING adjustments for eathode-ray tube;
sweep DIAMETER and SHAPING controls: FRIS-
QUENCY sgelector for cireular sweep; SELECTOR for
sources to be compared.

Terminals: At rear, by econcentrie plugs for standard
frequencies, and for sources to be compared: on panel
by universal two-point and concentrie plug to souree
being measured or calibrated (0 to 100 ke or more).
Power Supply: 105 to 125 (or 210 {0 230) volts, 50-60
eveles. Other voltages or frequencies on special order only.

Power Input: 30 watts, approximately.

Type

FREQUENCY

Tubes Supplied: 1 —Type 3DPLA, 3" radial deflection
Cathode-Ray Oscilloscope
2—(INTGT 1—6X5-GT
L—6J5GT 1—68J7
1—2X2/879
Accessories Supplied: Spare pilot lights and fuses,
Line connector cord. 5 concentric plugs.
Mounting: Standard 19-inch relay-rack mounting
Dimensions: Panel (length) 19 x (height) 7 inches;
behind panel, (width) 17} x (height) 633 x (depth) 12
inches.
Net Weight: 45 pounds.

Code Word Price

1109-A

] Comparison Oscilloscope. . . .

BASIN |Price on Request

TYPE 1108-A COUPLING PANEL

USES: This coupling panel iz  designed
specifically for use as the centralized control
panel in a frequency measuring equipment
employing a Type 1100-AP Primary Fre-
quency Standard (or Tyrs 1100-AQ Second-
ary Frequency Standard). The panel carries
the necessary switches and volume controls for
all operations in making frequency meas-
urements.

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 harmonie outputs, or
combination; individual volume controls;
DETECTOR selector, for selecting input and
output circuits of 1106-A, 1106-B, 1106-C
or an external detector (or receiveri; 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 concentrie plugs to
all sources and instruments required: rear telephone
connection for use when adjusting standard against
standard frequency transmissions. At front, by shielded
concentric plugs, harmonic output cirenits of 1106-A,
1106-B, and 1106-C' heterodyne frequency meter see-
tions; input connection for frequency being measured.

Type

By two-point or standuard telephone jack, conneetions
for telephone receivers.

Mounting: Standard 19-inch reluy-rack mounting.
Dimensions: Panel (length) 19 x (height) 7 inches;
behind puanel (width) 1715 x (height) 635 x (depth)
G 14 inches,

Net Weight: 16 pounds.

Code Waord Price

 1108-A

GENERAL RADIO COMPANY

| CouplingPanel. .......coovuvunennn..

|Price on Request

BATTY
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FREQUENCY

TYPE 1110-A INTERPOLATING FREQUENCY STANDARD

USES: This instrument is a precision infer-
polator for use with heterodyne frequency
meters, such as the Tyre 720, in making fre-
quency measurements in  the ultra-high-
frequency range, up to 2000 or 3000 Ne, and
with the Tyrr 620-A Ileterodyne Frequency
Meter in making frequency measurements
from 10 Me up to several hundred Me. It can
also be used for frequency measurements in
conjunction with high-frequency receivers
provided their frequency calibrations are
sufficiently  good to identify frequencies
separated by as little as 19;.

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
50-60 ke bridge-type variable frequency 1.-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 197. The 100th
harmonic of the 1-Me multivibrator can
therefore be adjusted continuously from 100
Me to 101 Me, giving complete coverage over
this interval. At 101 Me and higher harmonies,

*General Radio Experimenter, Vol, XVIII, No, 9, February 1944,
“Continuous Interpolation Methods Part I1—Method 1V,
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the range from any -multiple of 1 Me to the
next higher multiple is less than 19, and so
these ranges are covered by less than full-scale
variation on the variable frequency oscillator
dial.

When the 100-ke multivibrator is used,
the 100th harmonie 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-seale range of the variable fre-
queney 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
Irequency Standard is used with the Tyre
720-B and Tyre 620-A Heterodyne Fre-
queney Meters, having ranges of 100-200 and
10 20 Me respectively, only the harmoniecs
from the 100th to the 200th are used.

The dial of the Tyrr 720-B, for example,
covers 100-200 Me with calibration marks at
cach megacyele. With the dial of the variable
frequency oscillator at zero, the standard out-
put frequency is 1 Me exactly, and all har-
monies are therefore standard frequencies,
which can be used to check the heterodyne
frequency meter at any scale graduation.

If the heterodyne frequency meter has been
set to zero beat with a frequeney to be meas-
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 Frequency Standard,

GENERAL RADIO COMPANY



the 1-Me multivibrator output is coupled to
the frequency meter. The oscillator dial is
then advanced from zero until the 162nd
harmonie (identified by the 720-B dial read-
ing) is advanced from 162.0 Mc to 162.3 Me
approximately where zero beat s set. The
inerement 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 circuits or
wide-band interpolating methods.

» All frequency increments are taken as posi-
tive, avoiding all need for subtraction or de-
termining the sign of frequency increments.

FREQUENCY

» Means are provided for checking the align-
ment of the wvariable frequency oscillator
calibration in terms of the 950-ke¢ ecrystal
frequency.

» Nince harmonics of the multivibrators [all
at all standard frequencies transmitted by the
U, 8, Bureau of Standards (WWV) it is possi
ble to check the absolute aceuracy, including
the frequency of the 950-ke crystal, by use of
a suitable receiver.

» To permit bringing the multivibrator out-
put close to high-frequency equipment, the
multivibrator unit is connected to the stand-
ard frequency unit by means of a cable. The
small multivibrator unit can then be moved
around without moving the larger unit.

SPECIFICATIONS

Frequency Range: The output frequency range of the
1110-A Interpolating Frequeney Standard is from 1000
to 1010 ke. The output frequencies of the 1110-P1
Multivibrator Unit are 1.0- and 0.1-Me fundamentals
with harmonies up to 200 or more.

Calibration: The variable frequeney oscillator dial has
1000 divisions corresponding to 0,001 per cent 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
sot of headphones into the jack or hinding posts provided
on the panel. A trimmer control on the panel provides
for adjusting the oscillator to agreement with the erystal,

To facilitate conversion of the dial readings from
their basic percentage or parts per million values of
frequency increment to fractions of a megaceyele or of
0.1 Me (100 ke), o table listing the number of dial divi-
siong for frequency inerements of 1.0 Me and 0.1 Me at
each harmonice from 100 vo 220 is given on the pancl. A
simple slide-rule ratio then gives the desirved frequency
inerement.

Crystal Oscillator: Thé erystal oscillator is adjusted to
within 1 part in a million of correet frequeney at room
temperature. It should be reliable 1o within =10 parts
per million at ordinary room temperatures. The ervsial
frequency ean be checked and adjusted in terms of stand-
WWV using an

ard  frequency  transmissions  from

Tyne

external receiver, maintuining the variable oscillator at
exactly 50 ke in terms of the erystal,

Accuracy of Measurement: The over-all accuracy of
measurement is 425 parts per million using the oseil-
lator dial directly. If the oscillator is carefully trimmed
in terms of the ervstal, the over-all accuracy is limited
prineipally by the error of the erystal.

Vacuum Tubes: The following tubes are supplied:

2 BACT 3 —6J5GT /G

4 —6SNT-GT 1 —5R4GY
1 — 6SJ7 1 a0l
1 — 68A7 1 — 2LAP-430 (Bridge Circuit Lamp)

Power Supply: Lither 105-125 or 210-250 volts, 50-60
eyvcles,

Power Input: 85 watts from 115-volt, 60-cyele line.
Mounting: Tyre 1110-A Relay Rack; Tyer 1110-Pl
(attached to 1110-A by cable) small metal eabinet.
Accessories Supplied: lLine conncetor cord, and T'yre
1110-P1 Multivibrator Unit with connecting cable.
Accessories Required: Iead telephones,

Dimensions: 1110-A Panel (length) 19 x (height) 835
behind panel, (length) 1713 x (height) 835 x (depth) 14
inches, 1110-P1 (length) 935 x (height) 514 x (depth) 314
inches.

Net Weights: Type 1110-A assembly, 40 pounds;
Tyee 1110-P1 Multivibrator Unit, 7% pounds.

r'ﬂrfr' ”--’H'Hl P."'r'i‘.r:

1110-A

MODULATOR

GENERAL RADIO COMPANY

Interpolating Frequency Standard ... ..

RAVEN | Price on Request

| Mec HARMONICS
100 200
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TYPE
7208 '*

HET. FREQ. METER

0. HARMONICS
10 20
Mc Me

TYPE
€204 .‘_ f
NO-P1 HET. FREQ. METER
MULTIVIBRATOR
UNIT
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FREQUENCY

HETERODYNE r:ﬁwaum’ METER
CALIBRATOR
TOL A= SORaL B B0
GENERAL RADIO 0O
ATl wibd AL

TYPE 620-A HETERODYNE FREQUENCY

METER

AND CALIBRATOR

USES: Although designed primarily for meas-
uring high and ultra-high frequencies, this
instrument can also be used to measure
frequencies down to a few hundred kilocycles,
provided the signal being measured is suffi-
ciently strong. For communication companies
it provides an excellent means of rapidly
measuring the frequencies of a large number
of transmitters (either local or remote) in
addition to its use in 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 frequency toler-
ance is +0.029; or greater,

DESCRIPTION: The schematie diagram shows
the essential elements of the instrument: (1)
a heterodyne frequency meter, (2) a erystal
calibrator, and (3) a detector and audio
amplifier.

The heterodyne frequency meter is direct
reading, an important operating convenience,
particularly when using harmonics. The fun-
damental frequency range is 10 to 20 Me.
This range is divided into 10 steps of 1 Me
each, and the desired step is selected by
means of a coil switch, The main tuning
capacitor covers a range of | Me for each
coil, the dial being engraved to read hun-
dredths of megacveles directly. An auxiliary
dial, which drives the main dial through a
reduction gear train, carries a scale that sub-
divides the main scale divisions, the smallest
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division being 0.001 Me or 1 ke. The fre-
quency of the heterodyne frequency meter is
given by the sum of the ecoil switch and
capacitor dial readings, subject to any scale
correction as determined by the erystal
calibrating points,

FFor checking the ealibration of the hetero-
dyne frequency meter, a piezo-clectric cali-
brator, employing a onc-megacycle 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 frequency is set to zero
beat with the unknown, and the [requeney is
read directly from the dial. When the un-
known is above or below the heterodyne
fundamental range, the dial reading must be
multiplied ordivided by the harmonic number.

FEATURES: » A very wide range of frequen-
cies ean be measured with the Tyrr 620-A
Heterodyne Frequeney Meter and Calibrator.
» Iixcellent aceuracy has been combined with
simplicity of operation.

» The direct-reading frequency scale makes
convenient and rapid measurements possible.
» 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 coefficient low.
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» Either batteries or the built-in a-¢ power
supply can be used with any model. This
feature is a great convenience when the same
instrument is to be used both in the labora-
tory and in the field.

SPECIFICATIONS

Frequency Range: The fundamental frequency riange is
from 10 to 20 megacyeles, in 10 ranges of 1 Me each, By
harmonie methods frequencies between 300 ke and 300
Me are eusily measured.

Frequencies up to about 300 Me can be measured by
setting a harmonic of the heterodyne frequency meter to
zero beat with the unknown. In general, the beat 18
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 can be
generiated in the detector tube provided a sufficiently
strong signal is applied to the instrument. For weak
gignals, a loeal oscillator as o harmonic-generating me:sns
i8 necessary,

Calibration: The capacitor dials are graduated to read
decimal fractions of megacyeles direetly, the smallest
division corresponding to 0.001 Me (1000 cyeles).
Calibrator: A 1-Me piezo-electric oscillator, employing
a low-temperature-coefficient quartz plate, is provided
for checking the ealibration of the [requency 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 heterndyne frequeney meter. Harmonies of the hetero-
dyne 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 at
the same dial readings for each range, checking is made
very simple and convenient.

Accuracy: The over-all aceuracy of measurement is
+0.01% or better when the frequency meter is checked
in terms of the r'l'.\'ﬁl;ll calibrator and the result ing COrrec-
Lion :L[_ml'l(,'l.! to the dial l‘t‘:ufill,l_(.

Vacuum Tubes: The following tubes are used and are
supplied with the instrunent:
1—954 1—84 /644

; 3—4055

Power Supply: Either 105 to 125 (or 210 to 250) volts,

50 to 60 cyeles, or 6 and 180 volts d-c. A switch on the

panel seleets the type of power supply desired. The

a-¢ operated power supply is built in. Batteries are not

supplied with either the relay-rack or portable model.
Type

620-AR Relay-Rack Model. .
620-AM | Portable Model ..........

PATENT NOTICE. See Notes 12, 20, page vi.

COUFPLING

OSCILLATOR

CRYSTAL
CALIBRATOR

GENERAL RADIO COMPANY

FREQUENCY

Closeup view of the tuning dial, showing details of
the scale.

Power Input: 15 watts from 113-volt, 60-cyele supply.

Mounting: The insirument is supplied either for relay-
rack mounting (Tyre 620-AR) or in a portable aluminum
cabinet (Tyre 620-ANM),

Accessories Supplied: One-megacyele guartz plate,
line connector cord, With the relayv-rack model (Tyre
620-AR) two multipoint eonnectors arve furnished, while
a battery plug and eable and a multipoint connector are
furnished with the portable model (Tyer 620-ANM).
Accessories Required: [Tead telephones, which ean be
connected either at the ]J:llJl'.'I or at the rear of the in-
strument.

Dimensions: Tyrr 620-AR, panel, (length) 19 x (height)
5%; inches; behind panel, (length) 1714 x (height) 8% x
(depth) 1134 inches; Type 620-AM, 2014 x 1414 x 10
inches, over-all.

Net Weight: Tyee 620-AR, 323 pounds; Type 620-AM,
47 %4 pounds.

Price

$600.00
680.00

Code Word

DAISY
DALLY

DETECTOR AMPLIFIER
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FREQUENCY

TYPE 720-A HETERODYNE FREQUENCY METER

USES: The Tyrr 720-A Ieterodyne Ire-
quency Meter is used for the measurement of
frequency in the h-f and u-h-f bands. It
extends the field of the familiar heterodyne
method of measurement up to about 3000 Me.

DESCRIPTION: The principal elements of the
instrument are a calibrated oscillator, a crys-
tal detector and an audio amplifier. The
frequency-determining element ol the oseil-
lator is a butterfly cireuit, in which the
capacitance and the inductance arve varied
simultaneously. The movable part of the
circuil 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 ervstal,
so mounted that it is easily accessible for
replacement. A spare is furnished.

The three-stage audio amplifier has an
effective band width of 50 ke. The output of
the amplifier operates a panel meter and a
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built-in loudspeaker. A jack is provided as
well for head telephones.

The entire assembly is battery-operated,
completely sell-contained, and mounted in
a portable, fabric-covered cabinet. Complete
operating instructions are mounted in the
cover ol the eabinet.

FEATURES: » The sensitivity obtainable with
the heterodyne method of measurement per-
mits this instrument to be used on compara-
tively weak signals.

» No direet connection to the source under
measurement is usually required, because of
the adjustable antenna mounted on the
pancl. 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 frequency
band, and the dial arrangement is such that
small frequency inerements can be measured
precisely.

» The butterfly type of tuned eircuit 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 LOU to 200 1 : i v s covered in oo
single band ately logarithmie frequency
distril . nonie methods frequencics betwe
10 |
S 1
slro - than harmonies of the unknown as generated in
the wtor, the .\\'l:hiil.‘.'i‘._\' of the instrument for fre-
QUEeTLCTeS below the range of the oscillator fundamental 1s
considerably less than that at frequencies equal to o
above the oscillator fundamental,
Beat Indication: With strong signals a strong bheat note
\\'1';1. b ":v.u'-:. in the 1 amie 51 aiker i f
pancl. For weaker sign r of headphor
used. In addition to the m ¢ bear, a visual indieation
15 obtained ':-I\ the deflection of the panel meter. Sinee
the band width of the detector eireuit is 50 kiloeyceles,
the panel meter will defleet even when the frequency
measured is unstable and does not produce a steady
audible beat note.
Calibration: The main dial iz ealibrated in [requeney,
cach division corresponding to one megueyele.
TThe vernier dial is geared to the tuning unit 10 ma I,
one-half turn of the dial ‘-,.1'1—.-55«.:“1 Lo approxima 195
» in frequeney over the entire tuning range. The
vernier dial earries 200 uniform divisions
Accuracy: The over-all  aceurney  of  measurciment [ESm==—TE
is £=0.1%.
Temperature and Humidity Effects: Over the range View of the hutterfly t | eireuit used
of room conditions wlly encountered, 1 in the Typr 720-A Heter » Frequeney Meter.

el hoarmacd do not the e curncy ol

ment. structions and a complete
Vacuum Tubes: The following tubes are used and are wiring , 15 attached to
supplied with the instrument: the inside of 1]

1—IN5-GT,/C Accessories Supplied: One IN21-13 Crystal is supplied
1—1Ds8-GT ug o spare in addition to the one
1—95%

the instrument,

Accessories Recommended: Headphones which ean
1

be plugged in on the front panel, and which ean be

Power Supply: A DBurgess GTAGO DBattery is supplied

with the instru . For -t ation the '1.-\']'I, l!i?l_.\ stored in the cover of the instrum

Power Su w used (sec 102), but must be 2 1 :

ordered sey Dimensions: (Hei 14 x 1244 x (depth
- - e . 1015 inel ver-all, including o ( ndle, Panel

Mounting: The I'yre 720-A Heterodyne Frequeney 103 @ : o I-I Wl cludh or A4t handle, Pan
xS > sy o 44 x o hes

Meter is mounted in a shielded carryving ease of durable g AREITE

airplane-ln consiruction. Complete operating in- Net Weight: 2714 pounds, with battery.
Type Coide Waord Price

720-A Heterodyne Frequency Meter......... . FANCY $340.00

PATENT NOTICLE. See Note 10, page vi,

i——-— AUDIO AMPLIFIER _——f

OSCILLATOR Le-d
SPEAKER

/
CRYSTAL VOLUME
DETECTOR CONTROL

GENERAL RADIO COMPANY 181



FREQUENCY

TYPE 1181-A FREQUENCY DEVIATION MONITOR
FOR A-M TRANSMITTERS

USES: The Tyrr 1181-A Frequency Devia-
tion Monitor indicates directly the magnitude
and direction of the frequency deviation of
a broadeast transmitter from its assigned
channel frequency. A monitor of this general
type is required for each station by the
Federal Communications Commission, and
Approval Number 1467 has been issued by
the Commission for the Tyrnr 1181-A.

DESCRIPTION: The elements of the monitor
are shown in the accompanyving schematic
block diagram. Voltages from a temperature-
controlled piezo-electric oscillator (frequeney
[ = 1000 cyeles) 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 elipped to
produce an essentially square waveform, and
the square waves are applied to an audio-
frequency meter. The indicating element of
the frequency meter is calibrated to read zero
when the audio beat is exactly 1000 eyeles per
second. Deviations from 1000 cycles (Af) are

indicated directly as the frequency deviation
of the transmitter in cycles per second.

The monitor is a-¢ operated and is mounted
on a single relay-rack panel. Coupling to the
transmitter is obtained from a short length of
wire attached to the input terminals to act
as an antenna.

FEATURES: » Modulation of the transmitter
does not affect the frequency deviation indi-
cation. Consequently it is not necessary to
couple the monitor to the ervstal buffer stage
of the transmitter, and the monitor input is
obtained from the modulated transmitter
output.

» Only a very small amount of r-f power is
required to operate the monitor, and a simple
pickup antenna — usually only a few inches
of wire — is all that is needed.

» The frequency deviation indication is inde-
pendent of carrier amplitude within wide
limits.

» Positive indication of failure of either trans-
mitter carrier or the monitor eryvstal oscillator

182 GENERAL RADIO COMPANY



is provided. A signal-level pilot and the lamp
in the indieating meter both are extinguished
if the carrier input level drops too low for
proper operation of the monitor. A push-
button test indicates whether not the
monitor erystal voltage is adequate. Other
pilot lamps indicate heater-thermostat and
power circuit operation.

Frequency Deviation Range: +30 cyeles, readable to
ane evele,

Carrier Frequency Range: 500 to 2000 ke.

Accuracy: When received, within =10 parts per million.
An adjustment iz provided to bring the reading into
agreement with monitoring station measursments,
Stability: Under normal operating conditions, the fre-
fueney .-'l:ll»i|.i1_\' is better than one part in a million.
.-\l[jn:drlll'nh are pren'irh-ri o correct 1]Lg‘. illt!it';!!t’d fre-
queney in transmissions

whenever neee MESArY.

terms of standard-frequency

Vacuum Tubes: The following tubes are required and
supplied with the instrument:

—GSJT 1—5V4-G
2—GACT 1—6134-C3
2—G1H6 1—O0C3, VRIS
2—630)7 1—2050
1—6V6H
'.Ir'_r,alru‘ o
1181-A | Frequency Deviation Monitor

PATENT NOTICE. See Notes 7, 5, 12, 20, 26, page vi.

VOLTAGE FROM
TRANSMITTER

R-F
AMPLIFIER

R-F

AMPLIFIER f+ 1000~

STANDARD-
FREQUENCY
OSCILLATOR

CcL

GENERAL RADIO COMPANY

A-F
AMPLIFIER

AMPLIFIER

FREQUENCY

» Remote monitoring is possible by connect-
ing an external meter to a socket provided at
the rear of the instrument.

» Installation of the Tyre 1181-A I'requency
Deviation Monitor is extremely simple, and
the design is such that & minimum of atten-
tion is required from the station operating
stall.

ICATIONS

Coupling to Transmitters: A few inches of wire serving
as an antenna is usually sufficient. A minimum of 50
millivolts pickup is required into
eireuit,

a high-impedance grid

Accessories Supplied: Quartz line

cord, and plug for conneeting an external meter,

plate, connector
Power Supply: 105 to 125 (or 210 1o 250 volts), 50 to
G0 eveles,
Power Input: 25 watts for heater cireuits, 100 watts for
monitor cireuits.
Mounting: The instrament is relay-rack mounted.
Panel Finish: Standard General Radio black erackle.
Clertain standard grayvs which ean be processed in quan-
tity can be supplied at a price inerease of 211.00.
Dimensions: Panel (length) 19 x (height) 153 inches.
Depth behind punel, 13 inches,
Net Weight: 51 pounds.

(ol

Word

Price

$705.00

MALAY

FREQUENCY

A-F
AMPLIFIER

PEAK-
IPPING

SQUARE WAVES
1000~ £ Af
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FREQUENCY

TYPE 1170-A F-M MONITOR

USES: This monitor gives a continuous indi-
cation of center-frequency and percentage

modulation (frequency deviation) of f-m
transmitters. It also furnishes a high-fidelity
output for measuring distortion and noise, and
a (00-ohm output for audio monitoring. The
monitor is designed to operate at frequencies
between 30 and 220 megacyeles, covering both
the f-m broadeasting bands and the frequen-
cies used for audio transmitters in television
broadcasting.

DESCRIPTION: The accompanying block dia-
gram shows the functional operation of the
monitor. A harmonic of a standard-frequency
oscillator beats with the transmitter frequency
to produce a nominal intermediate frequency
of 150 ke plus or minus the transmitter fre-
queney deviations. This signal is then passed
through amplifiers and limiters which change
the wavelorm to steep, square-topped pulses

of constant amplitude, which are applied to a
counter-type diseriminator. The d-¢ output
of the diseriminator is used to operate the
center-frequency indicator. The a-c¢ output,
suitably amplified and filtered, operates the
modulation indicators and is available at two
output cireuits: a 100,000-ohm cireuit for dis-
tortion and noise measurements and a 600-
ohm circuit for audio monitoring.
FEATURES: » The use of a low intermediate
frequeney and a counter-type diseriminator
results in o high degree of stability, so that a
continuous indication of center frequeney is
achieved without reference to a second erystal
for setling zero.

» Iighly stable erystal oscillator. Same eir-
cuit as is used in GR a-m monitors,

» Because the counter-type diseriminator is
inherently linear, accurate center-frequency
indications are obtained even in periods of
heavy modulation.

» Diseriminator is linear to better than 0.19,
permitting acceurate distortion measurements.
» Cun be operated at 25 ke = 1007, modula-
tion, for television audio channels,

» Distortion-and-noise-meansuring output in-
cludes standard 75 microsccond de-cmphasis
circeuit.

» Residual noise level is down at least 75 db
referred to 475 ke deviation, and 65 db for
+25 ke (television) deviation.

» Modulation meter reads positive or nega-
tive peaks or peak-to-peak, as seleeted by a
switch.

» Overmodulation lamp flashes when modu-
lation exceeds level as set by o dial,

» R-I' sensitivity is 1.0 volt or better,

» Adjustable input attenuator, with input
level meter.

» Pilot lamp indicates when input level is
adequate.

» Terminals are provided for conneeting ex-
ternal meters and overmodulation indicators.
» Regulated power supply.

» Chassis arranged for maximum heat dissi-
pation and easy servicing.

» A zero correction is provided to compensate
for long-time drift.

SPECIFICATIONS

Transmitter Frequency Range: 30 to 162 Me with
Tyer 1170-P1 R-F Tuning Unit; 160 to 220 Me with
Tyrr 1170-P2 R-F Tuning Unit.

R-F Input Impedance: High impedance, with Tyee
774 Coaxial Conneector, A capacitance attenuator is
provided for adjusting the input level. The monitor can
be used with standard R M A transmitter monitoring
outpait.

Input Sensitivity: 1 volt r-f, or better.

184

Input Level Indicators: A meter for indicating r-f
input level is provided at the rear of the chassis, Signal
]hih:l l.'tlup ulul n't-l|la-r—f'r'w;llvlll'_\-mvll'r ]Jilnl 1:]-:\\' when
ini;ut level is adequate, and are extinguished when level
drops below the usable minimum,

Intermediate Frequency: 130 ke.

Discriminator: Pulse-counter type, linear to better
than 0,179 over a range of =100 ke (1339, modulation).

GENERAL RADIO COMPANY



Center Frequency:

Indication: Meter is ealibrated in 100-¢yele divisions
from —3000 to 3000 eyveles per second, No zero set is
necessary for each reading und no second erystal is pro-
vided.

Accuracy: Crystal frequeney, when monitor is re-
ceived, is within == 10 parts per million of specified channel
cquency reading is :uiju.\t::iu!r- over
to bring monitor into agreement with

frequency. Clente
S 3000-cycle rar
frequency-meansuring service, Center-frequency indieation
then is aceurate to =200 eyeles.

Stability: 4100 parts per million, or better, over-all,
for long periods,

Percentage Modulation:

Indication: Meter is calibrated from 0 to 1337
Additional db seale is provided., Switeh selects ]m:ﬂiti\‘l'
or negative peaks, or full-wave (peak-to-peak ) indication.
1009% modulation corresponds to 75 ke deviation for
f-m bands. Internal :llijll.‘-TI]ll'.‘lll of meter eireuit r'll:lrl:_:v::
calibration to read 1009 at 25 ke deviation, for tele-
vision audio monitoring. Meter ballistics meet FCC
requirements.,

Accuracy: -£5% maodulation,

Overmodulation Indicator: Lamp flashes when
predetermined  modulation level, as set on a dial, is
exceeded, Range of dial is 0 to 1209, modulation,
Qutput Circuits:

1. Distortion and Noise Measurements: Terminals
are provided for connecting a Tyer 1932 Distortion and
Noise Meter, and a gain control is provided.

Residual Distortion: Less than 0.29 at 100-ke swing
(143 % modulation).

Response: 50 to 30,000 cycles per second =414 dh.
Standard 75 microsecond de-emphasis cireuit is included.

Maximum Output: 1.5 volts into 100,000 ohmns.

Residual Noise Level: —75 db or better referred to
75 ke deviation; —65 db or better for 25 ke deviation,

Sensitivity: I'ull output ean be obtained down to 8%
of 75 ke deviation. Sensitivity varies with modulation
frequeney  in accordance with standard de-emphagis
characteristic,

2. Audio Monitoring Output:

T wpe

FREQUENCY

Impedance: 600 ohms, unbalanced.

Output: Zero dbm at 75 ke deviation, 1007 modula-
tion.

Response: 50 to 15,000 eycles per second 414 dh,
Crystal Oscillator: General Radio high-stability eireuit.
Crystal is temperature-controlled at (60 4-0.15)° C. Tem-
perature coeflicient of erystal is 2 parts per million or
less per degree . Crystal oscillator output level can be
read on panel meter by pressing a push-button switch, A
j: 'k is mounted at the rear of the ehassis for connecting
a milliammeter to check erystal oseillator |I|:lIl' current.
Remote Indicators: Circuits and terminals are pro-
vided for connecting the following indicators exter-
nally:

f't'llll‘l‘-lll‘l‘i|l1\'!lr'_\.' indieator

Percentage-modulation meter

Over-modulation lnp

GO0-0hm unbalanced aural monitor
Vacuum Tubes: The I'tJ]]n\\'ill:: tubes are used and are
Stl[:]alil'd with the monitor:

1—GAKG 2—604
3—6AGT 1—815

1—6A BT 2—0D3/VR150
2—GSNT-GT 1—06.J6G
1—6B16 1—4991
1—6AGH 1—63K7
2—2050 1—6AS7-G
1—63J7 1—0C3/VR105
6—0GALS 2—3-4

4—GSL7-GT

Accessories Supplied: All tubes, coaxial connector for
r-f input, power line connection cord, power supply plug.
Power Supply: 105 to 125 volts, 50 to 60 eyveles. Power-
transformer-primary  connections can be changed to
permit operation on 210 to 250 volts. Rated power input
S00 watts.

Mounting: 19-inch relay-rack panel with dust cover.
Panel Finish: Standard General Radio black erackle
]:n‘n;lli-l'. Certain standard prays and other finishes that

can be processed in quantity can be furnished at an extra
charge of 320,00,

Dimensions: Panel, 19 x 26l5 inches, depth behind
panel, 1314 inches, over-all.

Net Weight: 55 pounds,

Code Waord Price

1170-A

B=F SECTION

SIGNAL INPUT

F—————

‘CRYSTAL
AMPLITUDE

MODUL ATION
MONITORING
CIRGUITS

AMPLIFIER

]
PERCENT OVER
MOD. MOD.

AMPLIFIER

AHEAD $1625.00

I=F SECTION

FREQUENCY
DEVIATION

LIMTERS

QUTPUT FOR
DISTORTION
MEASUREMENT

|
|
|
e
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FREQUENCY

TYPE 1175-B FREQUENCY MONITOR

USES: The Tyrr 1175-B I'requency Monitor
is designed to monitor the earrier frequency
of amplitude-modulated radio transmitters in
the high-frequency range, particularly those
operated by police, fire, and other municipal
departments. It is a high-sensitivity monitor
and hence can be used to monitor low-fre-
quency mobile transmitters from a distance
as well as for monitoring the main transmitter.

Used either singly or in groups, it provides
an excellent means of monitoring the frequen-
cies used by airlines and airports.

Television transmitters operating at fre-
quencies up to 220 megacyeles can use the
Typr 1175-BT  Frequency Monitor for
continuously monitoring the video carrier
frequency.

CRYSTAL OSCILLATOR

CRYSTAL OVEN Vel ‘
)

CRYSTAL AMP

A voltage of the audio beat frequency
between transmitter and monitor crystals is
available at an output jack. Where a con-
tinuous indication of frequency deviation is
desired, the Tyre 1176-A Frequency Meter
should be used.

DESCRIPTION: The monitor consists of a
temperature-controlled piezo-electric  oseil-
lator with mounting facilities for 4 crystals;
2 buffer amplifiers, one for the crystal fre-
quency and one for the transmitter frequency;
a mixer; and an audio-frequency amplifier.
In the Type 1175-BT TFrequency Monitor
the crystal buffer amplifier is tuned and so
the monitor becomes essentially a single-
channel instrument although four erystals ean
be mounted in the oven.

A-F AMPUFIER FREQ.
O outPuT

L
—INDICATOR

fcrysraL

O CRYSTAL OUTPUT
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The erystal oscillator circuit is one devel-
oped in the General Radio laboratories
specifically for use in monitoring where a high
degree of stability and reliability is required.
It differs from older types in one important
respect: no tuned elements are used in the
circuit except the erystal itself. The erystal
operates much nearer to its true series reso-
nant frequency than is possible in conven-
tional eirceuits, and the stability achieved is
correspondingly higher.

The beat-frequency output is available af
a telephone jack on the panel, and the output
of the erystal oscillator is available at panel
terminals for calibrating or adjusting other
equipment, such as receivers and mobile
transmitters., A low=pass filter is provided with
the Tyer 1175-B7T for use between the monitor
and the Tyrr 1176-A Frequeney Meter. This
filter is used to eliminate the picture line-
frequency component of 15,750 eveles and its
harmonies,

A panel switch allows the monitor to be
kept in a stand-by condition, where the
vacuum-tube eircuits are not operating but
temperature control is maintained.
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FREQUENCY

FEATURES: » Television transmitter-fre-
quency monitoring on all channels from 1 to
13, inclusive, is simple and convenient with
this monitor,

» The high sensitivity of the monitor makes
it possible to use it for low-power services
and remote monitoring.

» Crystal oscillator output is available at
panel terminals and an output level control
is provided.

used, one for the
crystal oseillator and one for the transmitter
input,

» T'wo bulfer stages are

» Stand-by operation is available by simply
Lurning a switeh on the panel.

» A test for deviation direction is provided,
as well as tests for erystal and beat output.

» Deviation (requency magnitude, completely
unaffected by amplitude modulation of the
transmitter carrvier, is given directly when a
Tyrr 1176-A Irequency Meter is used with
the monitor.

FREQUENCY DRIFT IN PERCENIT

Actual records of {'1')'51.'11 oscillator :-|:1|'ai|i1_\ OvVer a ;n:-rimt of several weeks, The f11"|1:||-:lt'i|'_-= indieated on

the plot are fundamentals; harmonies are used for monitoring.

SPECIFICATIONS

Carrier Frequency Range: 1600 ke to 162 Me for
Tyre 1175-B; 1600 ke to 220 Mce for Tyee 1175-BT.
Accuracy: With Tyre 376-M Quartz Plate, 0.0019.
Quartz Plate: No crystals are included in the price.
See price list below. Crystals are ground to an integral

sub-multiple of the channel frequency, unless offset oper-
ation is specified.

Number of Monitoring Channels: A maximum of
four different channels for Tyre 1175-B; one only for
Tyepe 1175-BT,

Power Supply: 105 to 125 volts, 50 to 60 cyeles, By

GENERAL RADIO COMPANY

changing connections on  the power transformer, the
210- to 250-volt line.
Power Input: 75 watts, including temperature control,
Accessories Supplied: Line connector cord,
point connector, and Tyre 774-M Cable Jack.
Vacuum Tubes:

II]I-:IirfIT' eian -l'\' "]ﬁl'!:!“’i! fl'”:ll A4

multi-

1—6ACT 1—68J7
1—6AGT 1—6X5

1—615 1—6BI6
I-—68N7-GT 1—0D3 'VR150

All vaeuum tubes are supplicd.,
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FREQUENCY

Panel Finish: Standurd General Radio black erackle.
Certain standard grays which cun be processed in gquan-
tity ean be :luppliml at & price increase of $11.00.

Mounting: Standard 19-inch relay-rack panel. Walnut
end frames are available for adapting the instrument

for table mounting. (See price list helow.
Dimensions: Panel, 19 x 7 inches; depth behind panel,
1135 inches,

Net Weight: 22 pounds.

e Taypne — — N Code i?‘li.i;l.! Ir ru
1175-B | Frequency Monitor 1600 kc to 162 Mc TIPSY $325.00
1175-BT Frequency Monitor 1600 kc to 220 Mc TUNIC 340.00
376-M QuartzPlate . . . ........................ LABOR 70.00

ZFRI-410-P1 | End Frames for Type 1175-B (or -BT) . . ...
ZFRI-710-P5 | End Frames for Type 1176-A mounted with |
Type 1175-B (or -BT) as a single unit

PATENT NOTICE, See Notes 1, 8, 12, 20, page vi.

ENDFRAMDAY 16.50 pair

ENDFRAMGAS | 17.00 pair

TYPE 1176-A FREQUENCY METER

USES: The Tyre 1176-\ Irequency Meter
can be used as a general-purpose instrument
for determining the frequency of an unknown
source, or continuously monitoring the fre-
queney of a system.

For the electronics laboratory it provides
a convenient means of measuring audio and
supersonic frequencies up to 60 ke, regardless
of waveform. For monitoring radio transmit-
ters, it can be used in conjunction with a
ervstal monitor, such as the Tyrr 1175-B,
to indicate continuously the deviation from
assigned channel frequency.

DESCRIPTION: The circuit consists of (1) an
input amplifier followed by (2) a series of
clipping and limiting amplifiers, and (3) a
frequency-indicating circuit composed of a
capacitor, a diode, and a d-¢ microammeter.
The funetion of the clippers and limiters is to
convert the input signal to a square waveform

so that the indieation is not allected by
changes in amplitude or waveform ol the
input signal.

FEATURES: » Direct-reading scales, and a
single range-selector switeh, permit rapid
frequeney measurements to be made.

» A well-regulated power supply climinates
all effects of line voltage changes.

» Individual seale ealibration adjustments
are provided for each range.

» An external meter can be conneeted to the
instrument through a multipoint connector
on the rear of the unit.

» Two sets of input terminals are provided
on the panel and, on the rear of the unit, a
multipoint connector provides a means of
attaching more permanent connections. Plug-
ging into the W, I, panel jacks automatically
disconnects the rear terminals.,
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FREQUENCY

CATHODE
AMPLIFIER LIMITING  AMPLIFIERS FOLLOWER

SPECIFICATIONS

Range: 25-60,000 cyeles per second in six ranges. ull- Vacuum Tubes:
seale values are 200, 600, 2000, GOOO, 20,000, 60,000 1—6HG I —OGRNT-GT
exrles, 1— 6807 165
- : . 1—6X5 2—GSJT
} sonla <= O prioloag ) £ e 4 "
Accuracy: (29 of full scale 4 2 cyeles), for all ranges. L—6Y6 1—0A3 VRTS

When u}n"r‘!ll 1z on the Iit!.ill]l]»:'_\'n‘!(' range, with less than
0.5 volt input, the aecuracy becomes =£3%; of full seale.

1—Amperite 3-1

All vaenum tubes are supplied.
Mounting: Standard 19-inch relay-rack panel; walnut
Input Resistance: 500,000 ohms, for ull ranges. One end frames are available to convert to table mounting.
sicde grounded. (See price list below ).
Panel Finish: Standurd General Radio black erackle.
Certain standard grays which can he processed in gquan-
tity can be supplied at a prive inerease of $11.00,
Accessories Supplied: Line connector cord and multi-
point connector,
Dimensions: Panel, 19 x 5l inches, depth hehind
Power Input: 50 watts, panel, 1115 inches,
Net Weight: 191, pounds.

Input Voltages: 0.25-150 volts,

Input Waveform: The readings are substantially inde-
pendent of waveform, so long as the dissymmetry of the
positive and negative {mrlirms of the wave is less than S:1.

Power Supply: 103-125 (or 210 to 250) vobis, 30-60
eyelps,

- 'l".*!ii'_ ) - _f'ud’a Word _."'r'a‘l': -
1176-A Frequency Meter . . .. ... ................ VI | $265.00
ZFRI-310-P1 | End Frames for Type 1176-A . e | ENDFRAMCAT 16.50 pair
ZFRI-710-P5 | End Frames for Type 1176-A mounted with|

Type 1175-B (or -BT) as a single unit . .| ENDFRAMGAS | 17.00 pair

PATENT NOTICL. See Notes 1, 26, page vi.

The Tyer 1175-13 Trequency
Monitor and the Type 1176-A
Frequeney Meter are shown
here assembled with end frames
for use as a deviation monitor.
Either instrument ean be pur-
chased and used separately.
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FREQUENCY

TYPE 1141-A AuDIO-

FREQUENCY METER

USES: The Type 1141-A Audio-Frequency
Meter is a convenient instrument for measur-
ing the frequency of oscillators and other
audio-frequency signal sources, In radio-fre-
quency measurements it ean be used to
measure the frequency of the audio beat
between the unknown frequency and a 10-
kiloeyele standard-frequency harmonic.

DESCRIPTION: This meter uses the Wien
bridge frequency-selective cireuit with a null
method of identification. The bridge cireuit
contains only eapacitances and resistances.
The calibrated dial controls a ganged assembly

SPECIFIC

Frequency Range: 20 to 20,000 eyeles in three ranges,
200 to 200 eyeles, 200 to 2000 cyeles, and 2000 to 20,000
vy eles,

Accuracy: +0.59% over the entire frequency range. The
null |mim is sharp enough so that the dial can be set
to 0.19;, provided the waveform is reasonably pure and
the supply voltage or detector sensitivity is sufficiently
high to provide the necessary over-uall sensitivity.

Dial: The 6-inch dial, which has a slow-motion drive,
turns through an angle of about 320° giving a scale

Type

1141-A

PATENT NOTICE. See Note 18, page vi.

| _Audi;Frequen:y Meter

190 GENERAL

of two precision variahle resistors. while the
changes in range are accomplished by switch-
ing the fixed capacitors.

FEATURES: » Very accurate audio-frequency
measurements can be made easily.

» A wide frequeney range from 20 to 20,000
cycles is covered in three decade ranges.

» A logarithmie dial scale is made possible
by using variable resistors with tapered
elements.

» Magnetic pickup is negligible because the
circuit uses only resistances and capacitances,

ATIONS

length of nbout 17 inches for each 10 to 1 frequency
Filnge. The total seale Il’l!:_',T!l is thus over 4 leet,

Input Impedance: 3 to 10 kilohms, the smaller value
|‘f;|‘l'{‘:~i|:r|1|liillu to the higher fl'm||:vl|l'ii-:é.

Input Voltage: 110 volts rms, maximim,

Output Impedance: 1 to 4 kilohms, the smaller value
corresponding to the higher frequencies,

Controls: Frequeney dial, range selector switch, and
resistance-balance control.

Accessories Required: A null detector is needed to
operate the meter. Head telephones, such as the Western
Eleetric 1002-C, or an amplifiec-meter combination,
such as the Tyre 1231-B Amplifier and Null Detector,
ean be used, Fven with head telephones an amplifier
and filter seetion will prove usciul,

Mounting: The instrument is mounted on an aluminum
punel in a shielded eabinet.

Dimensions: (Length) 12 x (width) 885 x
inches over-all,

Net Weight: 154 pounds.

(height) 9

Price

$215.00

Code Word

| COLOR

RADIO COMPANY



FREQUENCY

TYPE 815 PRECISION FORK

USES: The Tyer 815 Precision Fork is de-
signed for such uses as timing in geophysical
exploration, rating clocks and watches, syn-
chronizing facsimile transmission, and low-
frequeney  standardization. It iz also an
excellent source for accurately timing strobo-
scopic flashes,

DESCRIPTION: "The fork is made of low-
temperature-coeflicient stainless steel. 1t is
mounted at the heel on a metal panel which
is attached to the main base by means of
rubber shock absorbers to reduce energy
dissipation through the mounting. The fork
is driven by an eleetromagnet  mounted
between the tines.

Separate microphone buttons are used for
the driving and output cireuits. One miero-
phone button is mounted on each tine near
the heel of the fork, where the amplitude of
vibration is low, This minimizes the damping
action which the presence of the micro-
phones exerts on the fork. At the end of
each tine, adjusting screws are provided for
equalizing the loading on the tines, an
important factor in reducing the deerement.

FEATURES: » Accuracy and stability are com-
bined with simplicity of construction and
operation.

» Small size and low power requirements
make the fork easily portable.

SPECIFICATIONS

Frequency: Three models, operating at 50, 60, and
100 exeles, respeetively, are listed.

Calibration: The fork will he exactly on frequeney at
some temperature between 70 and S0 degrees Fahrenheit,
The measured value, with a driving voltage of 4 volts,
at 4 stated temperature between 70 and 80 degrees
IFFahrenheit is given on  the calibration certificate
to 40.0019%.

Stability: The over-all 5!:l|lilil}' of the fork i3 about
1 part in 10,000 under normal operating conditions.

Temperature Coefficient: Between 60 and S0 degrees
Fahrenheit the temperature cocflicient of frequency is
about 0.001% per degree Fahrenheit and is negative.
The actual measured value 1s given on the ecalibration
certificate.

Voltage Coefficient: The voltage coefficient of fre-
quency is about 0.005%; per volt and is given for each
fork on the calibration certificate,

Waveform: Iarmonics are about 309 of the output
voltage at all loads.

Qutput: The internal output impedance is about 50
ohms, and the maximum output power about 25 milli-
watts when a G6-volt battery is used in the output ecircuit.
The Tyee 815-P1 Transformer has a step-up ratio of
1 to 27.8 and an open-circuit output of about 50 volts
can be obtained from it when connected to the fork
output. This transformer is recommended for use between

the fork output and any relatively high load impedance
such as the input to a power amplifier.

Power Supply: A 4-volt battery is recommended as
the driving source and a 4- to G-volt battery in the output
circuit. The battery can be common to bhoth eireuits,
Driving current is less than 50 millinmperes,
Accessories Supplied: A “phasing” capacitor with
plug-in leads.

Mounting: The fork assembly is mounted on u metal
base, which should be horizontal when the fork is oper-
ating.

Dimensions: 13 x 6 x 3 inches, over-all,

Weight: 107§ pounds.

_i@ o __I"J't'quu:nf'y
815-A DOEHEIEs. e namens cimmmens
815-B 60 cyeles. . ... ...
815-C 100eyeles. . ...,
815-P1 Transformer.................

GENERAL RADIO

Code Word B ) Price
....... FAUNA $195.00
........ FATAL 195.00
........ FELON 195.00
........ TARDY 12.00
COMPANY 191



FREQUENCY

TYPE 816
VACUUM-TUBE
PRECISION FORK

USES: The Tyre 816 Vacuum-Tube Precision
Fork is a primary standard of frequency. It
can be used for the same purposes as Tyre 815
Precision Fork but its higher precision and
stability make it adaptable to considerably
more aceurate measurements and, in addition,
to timekeeping and chronographic measure-
ments.

DESCRIPTION: The complete instrument con-
sists of a tuning fork similar to that used in
Tyre 815 Precision Fork, a temperature
control system, a vacuum-tube amplifier, and
a svinchronous motor elock. The fork is made
of low-temperature-coefficient stainless steel.
It is mounted at the heel on a metal panel,
which is attached to the base of the temper-
ature-control box by means of four vertical
helical springs to reduce energy dissipation
through the mounting. The fork is driven
electro-magnetically, and the drive and pick-
up coils are symmetrically placed with respect
to the tines in order to keep the deerement
low and give a @ of the order of 20,000,

A two-stage amplifier couples the pickup
and the driving coils. An a-v-¢ cirenit is

included, and a fourth vacuum tube supplies
output power at the fork frequency. The
general cirenit is shown in the accompanying
schematic diagram,

The temperature-controlled chamber in
which the fork is mounted is a metal box
enclosed in a balsu-wood ease.

The synchronous clock s designed to
register correct time when the fork is exactly
on its rated frequency, Comparison of the
readings of this clock with standard time
signals as transmitted by radio provides a
means of checking the frequeney of the fork
over 24-hour periods of continuous operation.

FEATURES: » Excellent acceurney and a high
degree of frequency stability are the im-
portant characteristies of this fork.

» Power output is kept constant and a num-
ber of convenient output impedances are
available for connection to various loads.

» ‘The hour and minute hands are vesettable
from the rear of the instrument.

» Power tor running the fork can be obtained
from either an a-¢ or d-¢ source, so lield as
well as laboratory operation is possible.

SPECIFICATIONS

Frequency: 50 cyeles per second or 60 eveles per second.
Calibration: The frequeney is adjusted within 0.00059
of it rated value and is measured o 0000197 in our
standardizing laboratory,

Serews are provided in the ends of the tines of the fork
for adjusting the frequeney. These are aceessible from the
outside of the tempernture-control box. Minute changes
are aecomplished by adjusting the a-v-¢ circuit while in
operntion.

Stability: When the temperature-control svstem is oper-
ating, the frequeney s within one part in 100,000
(0.0019% ) of its mean value, thus timing to better than

(Right) Plot of o 10-day frequeney record of Tyre
816 Vacuum=-Tube Precision Fork. The full line
shows the observed frequeney, the dotted line the
frequency after the bharometer correction was applied.

192

one second per day. Without temperature control, the
frequency will follow (with a considerable lng) intions
in ambient temperature, At ordinary  room  temper-

VI

atures, the temperature vocllicient of frequeney is nega-
tive and is berween 10 and 20 parts in 10° per degree

s
F
H
=
4
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§
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Centigrade, This coefficient is smaller at the controlled
operating temperature. Frequency changes with supply
voltage and atmospherie pressure are usually negligible
in comparison to the rated accuracy of the fork.
Power Supply: The amplifier circuit and the heaters for
temperature control are arranged to operate on either of
two types of power supply, seleetion being made by
plug and jack terminals:
(1) n=e line, 105 to 125 volts, 50 to 60 cycles.
2) d-e line, 105 to 125 volts.

Power Input: For temperature control, 30 watts, inter-
mittent; for fork and amplifier, 45 watts, constant,
Separate line switeches control the heater and fork eireuits.
Qutput: Peaked or sinusoidal, as selected by a switch.
When the synchronous clock is operated, maximum
output is 1 watt. When eclock is not used, maximum
output is 2 watts. Output eireuit is not grounded and is
free from any d-¢ polarization. Various output imped-
ances between 200 and 30,000 ohms are provided. Oper-
ating frequeney is not affected by change in output load.

Maximum peaked open-ecircuit output voliage is 350
volts,
Tubes: Supplied with instrument:

2—6J7-G 1—6Q7-G
1—251.6-GT,/G 1—257Z8
1—Tyre 2LAG-949A

Tupe
816-A Vacuum-Tube Precision Fork
816-B Vacuum-Tube Precision Fork

FREQUENCY

Schematie cireuit dingram of the fork amplifier
and output eircuits, Ly and La are the Iril‘kltlr and
driving coils.

Accessories Supplied: Spare fuses, multipoint con-
nector, line connector cord.

Mounting: The entire assembly is mounted on a stund-
ard 10-ineh relay-rack panel, which ean be adapted for
table mounting by the use of the wooden end frames
supplied. The instrument is readily portable in an oper-
ating condition if kept in approximately its operating
position (panel verticeal ),

Dimensions: Panel, 19 x 121 inches; depth, 1214
inches,

Net Weight: 56 pounds.

[jn'qm-:ﬁ_lf f'mh U_’m‘rf Pr‘f.rr__
50 ¢ i FERRY $575.00
60 ¢ FABLE 575.00

TYPE 566-A WAVEMETER

USES: T'he Tyrr 566-A Wavemeter is a wide-
range, general-purpose, absorption-type in-
strument intended for rapid frequency checks
in the laboratory or the field.

DESCRIPTION: The wavemeter consists of a
variable air capacitor mounted in a walnut
cabinet, a set of five plug-in inductors, and
an incandescent.lamp, which is used to indi-
cate resonance. A frietion-type slow-motion-
drive dial is provided on the capacitor and
mrries  three scales calibrated divectly in
frequency.

FEATURES: » (‘ompactness and moderate
price are important features of this wide-
range wavemeter.

» The plug-in terminals are so arranged that
the inductor can be rotated to vary the
coupling to the source under measurement.

» A rack is provided on the side of the cabinet
for storing the coils when the wavemeter is
not in use.

SPECIFICATIONS

Frequency Range: (.5 to 150 Me (600 to 2 meters)
using the five plug-in induetors furnished with the instru-
ment, The eapacitor dial is direet reading in frequency,
Accuracy: The acceuracy of dial indieation is =29, 0.5
to 16 Me; and 3%, 16 to 150 Me,

Type

566-A

GENERAL RADIO COMPANY

|Wuvemeter,,._‘.............‘.A.“

Accessories Supplied: One spare indieator lamp.
Dimensions: 4%; x 5% x 5%{ inches, over-all.
Net Weight: 3 pounds.

Code Word Price

. [ WAGON | $60.00
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FREQUENCY

TYPE 724-B PRECISION WAVEMETER

USES: T'he 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 heter-
odyne methods are neither necessary nor
convenient, Among these applications is the
preliminary lining up of radio transmitters
and checking the frequency span of oscillators.

DESCRIPTION: The Tyre 72413 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 Tyrr 722, (See page 44.)

FEATURES: » No cumbersome  ealibration
curves are needed beeause of the straight-line-
frequency  capacitor. The calibration data
are in tabular form, and specific frequencies
are found by interpolating between  the
points in the table,

» All inductors have been designed to have
very low losses and a high degree of stability.

» The plug-in coil mounting allows the eoil
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.

» A germanium erystal reetifier is used as
the resonance indicator with a microammeter.

SPECIFICATIONS

Frequency Range: 16 kilocyeles to 50 megacyeles,
Accuracy: ==0.25%,.

Calibration: The calibration is supplied in the form of a
table of calibruted points. Linear interpolation between
these pointsis used to obtain settings for other frequencies.

194 GENERAL RADIO COMPANY



Capacitor: Precision worm-drive type similar to Tyre
722, The capacitor 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 capaecitor rotor. The precision of setting
is better than one part in 25,000. The plates are shaped
to ive an approximately linear variation in frequency
with scale setting.

Inductors: Coils are wound on steatite forms and en-
closed in molded phenolie eases, Seven coils are used to
cover a frequency range between 16 kiloeyeles and 50
megacyeles,

')"y;m

FREQUENCY

Resonance Indicator: A germanium ervstal rectifier is
used with a mieroammeter to indicate resonance. The
indicator is coupled to the tuned cireuit through a capae-
itive voltage divider.

Crystal: A IN34 germanium eryetal rectifier is used.
Mounting: A wooden storage case, fitted with lock and
ecarrving handle, is furnished. This has compartments for
holding the eapacitor, inductors, and ealibration charts.
Dimensions: Carrving case, 177% x 13 x 1214 inches,
over-all,

Net Weight: With carryving ease, 34 pounds; without
carryving ease, 18 pounds,

Code Ward Price

724-B

| Precision Wavemeter. ... .. ..

WOMAN [ $275.00

TYPE 758-A WAVEMETER

USES: In the very-high-frequency range, 55
to 400 Me, this wavemeter provides a con-
venient and accurate means of measuring the
frequencies of oscillators.

DESCRIPTION: Tyre 758-A Wavemeter is a
tuned-cireuit absorption type of instrument,
in which the capacitance and inductance are
varied simultancously. This permits a wide
range of frequency to be covered with a
single coil. The coil is connected permanently
into the circuit. The resonance indicator is an
incandescent lamp.

FEATURES: » A wide [requency range is cov-
ered without the bother of changing coils.

» A transparent material is used to enclose
the cireuit elements so that they can be seen
at all times. This feature is of help in coupling
the wavemeter to a ecireuit.

» The indicator lamp will glow when meas-
uring the frequency of an oscillator with
about two watts output. For low-power

oscillators the reaction on the plate or grid
current can be used to indicate resonance.

Type

SPECIFICATIONS

Range: 55 Me to 400 Me, direct reading.

Accuracy: 27,

Temperature and Humidity: The aceuracy of this
wavemeter is completely independent of temperature
and humidity effects over the ranges normally en-
countered.

Resonance Indicator: Incundescent lamp.
Accessories Supplied: One spare indieator lamp.
Dimensions: 5 x 4 x 4%; inches, over-all.

Net Weight: 13 pounds.

Code Word Price

758-A | Wavemeter

GENERAL RADIO COMPANY

$35.00

WITTY
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FREQUENCY

TYPE 1140-A U-H-F WAVEMETER

USES: This instrument fills the need for a
frequency measuring instrument of moderate
accuracy in the ultra-high frequency range.
It will measure to %29, the frequency of
oscillators and other sources between 250
and 1200 megacycles.

—

\\\\\“““\\ DESCRIPTION: The frequency-determining ele-
ment in the Tyrr 1140-A Wavemeter is a
butterfly ecircuit in which capacitance and
inductance are varied simultaneously by a
single control. The resonance-indicating cir-
cuit consists of a ervstal detector and a
microammeter. These elements, together with
the direct-reading drum-type frequency scale
and a slow-motion drive, are mounted in a
convenient molded phenolic ease.

FEATURES: » Low losses and permanence of
calibration are assured by the butterfly
cireuit, 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 iz sufficient to give a meter
reading with oscillators having only 20 milli-
watts output.

(Left) View of wavemeter showing tuning con-

trol and resonance indieator. A window is pro-

vided at the rear through which the butterfly
cireuit is visible,

SPECIFICATIONS

Range: 250 to 1200 Me,

Accuracy: 27,

Temperature and Humidity: The aceuracy of this
wavemeter is independent of temperature and Jatnidity
effects over the range of room temperatures and humidi-
ties normally encountered in the laboratory.

Detector: T'he detector is mounted in a standard car-
tri(ig(_‘ u'l(] ©~an I)[“ rl']il:ll"'l{ il’ (llll]t:t:.:('l{ *I_\- H\'('[‘l“il\“llﬂ‘
A IN22 Silicon erystal detector is used.

Dimensions: 4 x 44 x 715 inches, over-all.

Net Weight: 34 pounds,

(Right) View with eusse removed. The two elips
shown above the shaft bearing make contact
with the meter terminals when the case is on.

T'upe Caode Waord Price -
1140-A | Wavemeter. ... ..........ccovenei... ] WAGER | $70.00

PATENT NOTICE, See Note 10, page vi.
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PARTS AND ACCESSORIES

TYPE 907 GEAR-DRIVE PRECISION

(Left)y Tyre 907-LA Gear-Drive Precision Dial, front-of-panel model, and (right) Tyee 907-L1 Gear-
Drive Precision Dial designed for back-of-panel mounting.

The Tyee 907 Gear-Drive Precision Dials
have 4-inch diameter frosted chrome scales
individually engraved on an automatic self-
indexing engraving machine. The fine, radial,
accurately located lines divide the complete
circumference into 360 divisions numbered
from 0 to 360.

Settings of these dials can (()Ilhl\h(‘l’lll\' be
(hlplu.m-tl to one-fifth of a division, d.llm\m"r
a precision of resetting of better than 0.06%
of full scale. Parallax is eliminated by the use
of an indicator that alwayvs remains flush with
the surface of the dial, and which at the same
time absorbs, through the flexibility of its
mounting arm, any slight eccentricities of the
main shaft,

The ring gear and drive pinion are pre-
cision cut gears, spring pressed to climinate
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 Type 901 dial (page 201) 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 34 inch.

The main dials are set permanently and
securely to their shafts through the use of
two set-serews 90° apart; this procedure
eliminates any dial backlash which might
otherwise oceur. The dial hubs are bored to
receive a 34-inch shaft, but a split bushing is
provided for use with !4-inch shafts. The
360-division dial plate is held by three screws,
and can be easily replaced with other 4-inch
dial plates such as the Tyre 904 (page 201).

The dial indicator, knob, and all necessary
mounting parts are supplied, as are complete
drilling and mounting instructions.

» 4-INCH DIAMETER GEAR-DRIVE PRECISION DIALS

Dial (frar- Net (ol
Ty nr"‘”'fmfi‘ Are _ Divisions Drive Ralin Weinht Waord Pr-}-.-_ —
907 LA | Front-of-panel 360° 360 10:1 11 oz DITAR $9.50
907-LB | Back-of-panel | 360° 360 10:1 | 1loz pIror 9.50

PATENT NOTICE.

See Note 17, page vi
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PARTS AND ACCESSORIES

TYPE 520-A DIAL LOCK

Any General Radio direct- or friction-drive
dial can be firmly clamped in any position by
means of the Tyrr 520-A Dial Lock. This
lock holds the edge of the dial in a vise-like
grip without exerting appreciable force on the
shaft on which the dial i1s mounted. The lock
does not alter the dial setting and can be
unclamped by loosening the knurled knob
when 1t is desired to change the dial to a new
setting.

Dimensions: (Length) 2 x (width) 1 x (height) 113
inches, over-all. Height above panel, 1 inch.
Mounting: Two No. 25 holes, 3§ inch apart, are re-
quired for mounting,

Net Weight: 114 ounces.

Tupe (ode Word Price

520-A ABATE $0.75

View of Type 520-A Dial Lock installed on a

precision dial.

TYPE 318-B AND TYPE 522-A DIAL PLATES

These dial plates are designed for use with
the Rheostats and Voltage Dividers desceribed
on pages 38 to 40. Fach dial plate is attached
to the panel with the same mounting serews
that hold the rheostat with which it is used.
These screws and the necessary knob are
furnished with the rheostat and are not sup-
plied with the dial plates.

The Typr 318-B Dial Plate is a 3-inch
diameter plate marked with 50 divisions

around 298°. It is drilled for standard 3-hole
mounting and is suitable for use with rheo-
stat-voltage dividers such as Tyres 214, 314,
371, and 471,

The Typre 522-A Dial Plate is a 214-inch
diameter plate marked with 20 divisions
around 254°. It is designed for use with the
Tyrr 301 Rheostat- Voltage Divider and is
drilled for mounting with that unit.

Tupe _ Net Weight Code Word Price
318-B Dial Plate . . ......... 34 0z DEVIL $0.65
522-A | Dial Plate............ 145 0z DOGMA .50

Tyre 318-B

Tyre 522-A

OTHER DIALS

Direet- and friction-drive dials are described and shown on the next two pages.
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902-HF

904-JF = 904-HD

905-JF

ONE-HALF ACTUAL SIZE
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FRICTION-DRIVE AND

Four different dial sizes are available in
this series of dials extending from 2 inches to
6 inches in diameter. The Tyres 901, 902,
and 904 have scales with photo-etehed char-
acters and divisions, and are designed for
applications where extreme precision is not
required.

Where a precision friction-drive dial is
required, the Tyres 905 and 906 are very well
suited. The scales for these dials are individ-
ually engraved on an automatic engraving
machine, which produces fine, accurately
located lines. Settings of these dials can be
duplicated consistently to one-fifth of a divi-
sion, allowing a preeision of resetting for the
Tyrr 906-JF Precision Dial of better than
0.059; of full scale.

The precision dials, Tyres 905 and 906,
are available only with a friction drive. The
dial plates have a horseshoe-shaped slot into
which the drive is mounted. The tension of
the friction drive is adjustable to suit the
load and the preference of the operator, and
the position of the friction-drive shaft can be
adjusted by means of an eccentric bushing to
compensate for any errors in the centering of
the main shaft in the center hole.

DIRECT-DRIVE DIALS

The smallest dials, Tyer 901, are available
only with direct drive, but the Tyrrs 902
and 904 are available with both dircet and
friction drives. The friction-drive mechanism
used on these dials consists of a thin dise,
which is mounted on the back of the dial
plate, gripped and driven by two small dises
attached to the friction-drive shaft. This
drive shaft is mounted in an eccentric bush-
ing so that the tension of the drive can be
asily adjusted after the dial and drive are
mounted.

All of the dials with the exception of the
Tyres 905 and 906 Precision Dials have the
dial plates insulated from the shaft. All
models are seccured to their shafts by the use
of two setscrews separated by 90° and are
supplied bored to reccive a #4-inch shaft.
Bushings are provided so that the dials can
be easily arranged for mounting on }4-inch
shafts.

The indicators shown in the photographs
are designed to remain flush with the surface
of the dial, thus eliminating parallax and
absorbing any slight eccentricities of the
main shaft, The indicators, necessary mount-
ing screws, drive knobs, and mounting tem-
plates are furnished with the dials.

» 6-INCH DIAMETER — TYPE 906 PRECISION DIALS

Dial Net Code
Tupe Are Divisions Drive Weight Word Price

906-HF ! 180° 300 Friction, 8:1 15 oz. DIROT $12.00

906-JF | 270° \ 450 l Friction, 8:1 15 oz, \ DIRAP } 12.00
» 4-INCH DIAMETER — TYPE 905 PRECISION DIALS

905-HF 180° ‘ 200 Friction, 6:1 0 oz. DIRUG $10.00

905-JF | 270° 300 | Friction, 6:1 9 oz, DIRIM 10.00
» 4-INCH DIAMETER — TYPE 904 DIALS

904-HD 180° 100 Direct | 5 oz. DIPAR §3.25

904-JD 270° 200 Direct 5 oz, DIPOD 3.25

904-HF 180° 100 Friction, 5:1 8 oz. DIPEN 4.25

904-JF 270° 200 Friction, 5:1 8 oz. pieUtT | 4.25
» 2%-INCH DIAMETER — TYPE 902 DIALS

902-HD 180° 100 Direct 215 oz DIMAP $2.75

902-JD 270° 100 Direct, 214 oz. DIMID ‘ 2.75

902-HF 180° 100 Friction, 3.3:1 4 oz, DIMOB 3.75

902-JF 270° 100 Friction, 3.3:1 4 oz. DIMUG | 3.75
» 2-INCH DIAMETER — TYPE 901 DIALS

901-HD |  180° 100 ! Dircet 2 o. pILOG | $2.75

901-JD ’ 270° 100 Direct 2 oz. DILAP J 2.75

901-1D 360° 100 Direct 2 oz. DILID 2.75
PATENT NOTICE, See Note 17, page vi,
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TYPE KN FLUTED KNOBS

These molded phenolic knobs are designed
for use on General Radio apparatus. How-
ever, they are also made available for sale
separately because they are well suited for
use on measuring instruments of all kinds.
The bar knobs are especially convenient for
use on switches, and the Tyerre ZKNU-3
Spinner Knob has been designed with an
auxiliary finger spinner for use on slow-
motion drives.

KNB-1

KNSP-6

KNSP-10

KNS-12

202

All of the knobs except the Type ZKNU-3
Spinner Knob are molded in one piece with
a brass insert bored for a 3¢-inch shaft.
Bushings are furnished with all models to
allow their use on 4-inch shafts. Two set-
serews spaced 90° apart are provided on all
of the knobs.

All models except the Types ZKNU-3
Spinner Knob and KN8-12 Fluted Knob
have molded, filled, white pointers. The
diameters given below are the diameters of
the skirts,

» 1-INCH DIAMETER — WITH BAR

Net Weight
Type for 5

Package Puackage
Code Word af 5 of 20

KNB-1 | 3% oz....| BARKNOBONE | $3.50 | $13.00

» 134-INCH DIAMETER — WITH BAR

Net Weight
‘i"m" B

Package Package
T‘r”u- (Tade Word !'i}‘ 2 nf 20

KNB-2 | 6o0z...... J B.-\lili:\'nl;'l‘\\'u| $3.75 | $14.00

» 134-INCH DIAMETER

Net Weight Package Package

Tupe for 5 Code Word of 5 of 20
KNSP-6| 5% oz....| NURLNoOBSIX | $3.00 | $11.00
» 2-INCH DIAMETER

Net Weight Package Package

Tupe Jer 5 Code Word of b af 20

KNSP-8 | 8 oz...... | NURLNOBATE | $4.25 | $16.00

» 2-INCH DIAMETER — WITH SPINNER

Tupe Net Weight  Code Word Unit Price

ZKNU-3 | 2% oz...... | SPINNOBTRE | $3.00

» 234-INCH DIAMETER

Net Weight
Tune for 5

KNSP-10| 1213 oz. .

Packag
Code Word of 5

Package

of 20

.| NURLNOBTEN | $5.50 | $21.00

» 27/4-INCH DIAMETER —WITHOUT POINTER

Nel Weight
?‘,’H“ Jor 5

KNS-12| 17 ox..... [ Nt‘m,x“mmzl £5.75 | $22.00
PATENT NOTICE. See Note 17, page vi.

Package Package
‘ade Ward of 5 af 20

THE QUANTITY DISCOUNTS MENTIONED ON PAGE
IV ALSO APPLY TO QUANTITIES OF PACKAGES.

The Tyre KN Fluted Knobs are shown approxi-
mately one-half actual size in the photograph.
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TYPE 874 COAXIAL CONNECTORS

The new Tyre 874 Coaxial Connector is designed for
the high-frequeney laboratory where good electrical
performance and convenience in use are equally impor-
tant. The characteristic impedance of the connector is
50 ohms. If used with eables and other coaxial elements
of proper design, reflections at the connector junetion are
small at all frequencies up to 3000 megzacycles.

Only one universal basie connector is required for all
purposes. Two of these connectors plug smoothly into
each other without any intermediate elements, and the

complication of male and female ends is completely
eliminated. For added convenience the inner conneetor
is designed to receive a T'ype 274 Plug, A double-shiclded
low-loss 30-ohm cable, and several connectors, are avail-
able at present, and other coaxial elements will be
announced later.

All metal parts are finished in Bright-Alloy plate. The
insulating bead is polystyrene, and is molded with key-
ways for positive alignment of the inner and outer
conductors,

SPECIFICATIONS

Type 874-B Basic Connector consists of inner and
ouwter conductors, insulating bead, coupling nut, and
retaining ring. This conneetor is designed for attachment
to rigid, 50-ohm, air-dielectrie, coaxial line made from
32 0D, %" ID tubing and 0.244” D rod. The inner
conduetor is to be serewed into an 8-32 tapping in the
end of the rod, and the retaining ring for the coupling
nut is to be snapped into a 4 deep, 0.035-wide groove
eut in the 28" tubing.

Type 874-C Cable Connector contuins the DBasic
Connector parts plus inner and outer transition pieces, a
soft copper ferrule, and a rubber guard. The transition
pieces are designed to attach to Typr 874-A2 Polyethyl-
ene Cable and ave tapered so as to maintain the 50-ohm
characteristic impedance of the connector and eable
throughout the change in diameters. The ecable inner
conductor is to he soldered to the inner transition picee,
and the eable braid is attached to the outer transition
picee by erimping the ferrule. The rubber guard provides
a protective handle,

Type 874-P Panel Connector is similar to the Cable
Connector, including transition pieces for Typre 374-A2
('able, except that a pancl adaptor and nut are supplied
in place of the rubber guard. The panel adaptor fits into
a 15" D hole in panels from Yy to 147" thick and is
designed o cliunp the connector in any desired orien-
tation.

Type 874-PC Panel Connector with Cap iz similar
to the Tyee 874-P except that the panel adapter is
equipped with a captive, hinged, spring eap that effec-
tively shields the open connector when not in use.

Type 874-Q2 Adapter is designed for making the output
of a coaxial system available at a pair of 34-inch spaced
binding posts or plugs.

Type 874-Q7 Adapter is used to conneet from o Typr
874 Coaxial Connector to any Tyee 774 Coaxial
Connector,

Type 874-A2 Polyethylene Cable consists of o No. 14
stranded inner conductor, separated from o double-
braid tinned-copper shicld by 0.244” OD Polyethylene
N1 insulation, and with an owter gray Plastex jacket
0.365" OD. The characteristic impedance is 50 ohms
=459, and the nominal capacitance is 32 guf per foot.
The attenuation at 100 Me is about 2.6 db per 100 feet,
and at 1000 Me about 1LS db per 100 feet.

Type 874-R20 Patch Cord consists of three feet of
Tyrr 874-A2 Polyethylene Cable with a Tyre 374-C on
each end.

Type Net Weight Code Word Price
874-B 24 ox. COAXBRIDGE $1.50
874-C 14 oz, COAXCABLER 2.00
874-P 214 oz, COAXPEGUGER 2.25
874-PC 214 oz, COAXCAPPER 2.75
874-Q2 24 oz. COAXTIPPER 3.00
874-Q7 244 oz, COAXTPASSER 3.75
874-A2 1Y oz./t. COAXCUTTER 0.50 'ft
874-R20 T on. COAXHATTER 6.25

PATENT NUTICE, See Note 31, page vi.

874-R20

e
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TYPE 774 COAXIAL TERMINALS

At high and ultra-high frequencies, the
interconnection of the various clements in a
measuring system is best accomplished by
means ol coaxiul lines, Tyer 774 Coaxial
Terminals are concentrie plug-and-jack units
intended for use with coaxial lines. They are
used in a number of General Radio instru-
ments, among them the Tyee 821-A Twin-T,
the Tyrr 916-A Radio-Frequency Bridge,
and the Tyrerz 805-C Standard-Signal
Generator,

[n order to reduce mmpedance mismatch
with any line having a different characteristic
impedance, Tyer 774 Coaxial Terminals have
been made with short internal conductors

and with low capacitance. In order to provide
as continuous an external shield as possible,
lugs have been provided for four connections
to the outer shell from the cable sheath
at points uniformly distributed around the
circumference.

The solid dielectric is polystyrene, which
has both a low diclectric constant and a low
dissipation factor.

A plug unit and a jack unit are available
for mounting on panels, and a similar pair of
units for terminating coaxial cables. The plug
connector and the jack connector make it
possible to join two cables having identical
terminations, that is, two plugs or two jacks.

SPECIFICATIONS

Capacitance: IF'or many applications the eapacitance of
these units is the factor to be considered in determining
their suitability. The capucitance for each Tyre 774
Unit is given in the description on the next page. In
addition to the total eapacitance there is given, for
many units, a figure ealled “insertion eapacitance,” which
is the eapacitance added to a eirenit when that particular
unit is plugeed in. This is lower than the total capacitance
because of the overlapping when 2 plug unit is plugged
into a jack.

Materials: Metallic parts are of nickel-plated Tirass;
insulition is polystyrene.

Cable: The cable consists of a stundurd beryllinm-ropper
conduector, separated from a braided tinned-copper shield
by Anhydrex A insulation, with an over-all covering of
abrasion-resistant rubber. The nominal characteristic im-
pedance iz 72 ohms 4109 the nominal eapacitanee iz
26 ppf per foot; and the dissipation factor is 0.02 or less
at 1000 eyeles.

Dimensions: All drawings are approximately 14 =eale.
Net Weight: See deseriptions on next page.

PATCH CORDS

The Typre 774-11 Pateh Cords consist of a 3-foot section
of coneentrie-shielded ecable {(see specifications above)
terminated in Tyee 774 Coaxial Cable Terminals.

The Tyre T74-R1 has a Type 774-M Cable Jack at one
end and a Tyer 774-E Cable Plug at the other. The Type
774-1R2 has a Type 774-M Cable Jack at each end.

Net Code
Type Weight Waord Price
774-R1 Patch Cord 5 oz, ACCESSORIM | $5.50
774-R2 Patch Cord 5 oz. ACCEsSsonAT| $5.50
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TYPE 774-E CABLE PLUG

This is a plug connector unit for use with conecentrie
shielded eables (54 inch or less in diameter ). The connec-
tion of the inner conductor is made by means of a Tyee
274 Plug, while the outer sleeve fits snugly around the
split sleeves of the juck terminals or connectors. Four
soldering lugs are provided for conneeting to the shield of
a concentrie eable, as is 0 lug for the inner conductor,

Total Capacitance: 2.5 uul,

Insertion Capacitance:
1.4 upd.

Net Weight: 114 oz

Code Word: ACCESSOEYE

Price: $1.75

TYPE 774-P PANEL JACK

A metal stud, 51||J;Jt:rl£rr_l by a polystyrene strip, is
mounted concentrieally with the outer shell, and is
recessed to reveive the Tyee 274 Plug of the plug con-
nector units, The outer conductor is o split sleeve which
grounds to the panel on which the jack is mounted. In
conjunetion with the sleeve of a eable plug or connector
unit it very effectively shields the high lead conneetion,

Total Capacitance: 2.8 upf.

Insertion Capacitance:
1.7 puud.

Net Weight: 134

Code Word: ac

Price: $2.00

0,
S=EOPOD

PARTS AND ACCESSORIES

TYPE 774-M CABLE JACK
This is the jack unit for conneeting a concentrie cable
to a Type 774-G Panel Plug, Similar in construction to
the eable plug, a recessed stud takes the Type 274 Plug,
while a split zleeve fits into the outer sleeve of the plug
terminals,

Total Capacitance: 2.8 uppf.

Insertion Capacitance:
1.7 peuf.

Net Weight: 115 oz,

Code Word: sccessoMUD

Price: $1.75

TYPE 774-G PANEL PLUG

Thus unit consists of a T'yrr 274 Plug mounted axially
in the center of 4 brass shell. The plug is supported on a
pnl} styrenc insulating ,-_-'I:I'ip which serves to isolate it from
the outer eonductor. The assembly requires a 24-inch
mounting hole and may be mounted on any panel thick-
ness up to Y4 inch, The entire plug assembly is nickel
plated. A tinned soldering terminal is provided for the
central plug, while the outer conductor grounds to the
metal panel,

Total Capacitance: 2.4 puf.

Insertion Capacitance:
1.3 puf.

Net Weight: 13§ oz.

Code Word: AccEsSS0GOD

Price: $1.75

CONCENTRIC CONMNECTORS

To obtain maximum flexibility with the eable and puanel
terminals deseribed above, it is desirable to have adapters
available to conneet between two terminals of the sume
kind. The Typre 774-F Plug Connector and Tyer 774-N
Juck Connector are two-way units designed for this pur-

TYPE 774-N JACK CONNECTOR

Total Capacitance: 1.2 uul,

Insertion Capacitance:
2.0 puf.

Net Weight: 1 oz.

Code Word: sAccESSONUT

Price: $2.00

TYPE 774-X INSERTION UNIT

This unit is th‘::‘i;_“un'll for hulisil:g til!lulli}-‘ antennas,
impedance-matehing networks, attenuators, and similar
cireuits. It consists essentially of a hollow cyvlindrical
aluminum easting with a plug connector at one end and
a jack connector at the other. One side is partially eut
awiay to permit the connection of circuit elements be-
tween the two terminals. A nickel-silver nameplate covers
this opening, completing the shielding of the high po-
tentinl termin:ls,
Total Capacitance: 6.0 uuf.
Insertion Capacitance: 4.9 upuf.

Ty Net Weight Code Word Price

$7.50

774-X |

4l% oz,

| ACCESSOXER

GENERAL

ALL
DRAWINGS
ARE 2 SIZE

RADIO COMPANY

pose. The plug connector hos a plug terminal at either end
and may thus be used to connect a juck-terminated eable
to o panel jack, or to connect two eable jacks together,
In a similar manner the jack connector makes possible
connection of two plug-type terminals.

TYPE 774-F PLUG CONNECTOR

Total Capacitance: 3.6 puf.

Insertion Capacitance:
1.3 ppdf.

Net Weight: 1 oz.

Code Word: acc

Price: $2.00

SOFIG

TYPE 774-YB TERMINAL UNIT

This unit provides a shielded housing for terminating
resistors, ut the same time moking the output of a coaxial
svatem available at a pair of 34-ineh spaced binding posts.
As shown in the accompanying sketeh, it consists of a
coaxial jack, a pair of binding posts, and a metal ]muﬁiug.
Total Capacitance: 5.1 uuf.
Insertion Capacitance: 1.0 yuf.

Type Net Weight Code Word Price

$6.00

774-YB | 4 oz, | ACCESSOYAM |

V. —
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The Typr 938 Standard Parts have been designed primarily for use in General Radio equip-
ment. Below are listed several of the most useful items, which are being made available to
manufacturers and experimenters for use in the assembly of laboratory and experimental

equipment,.
Type 938-A Binding Post

A = 34 inch
B = 4 inch min.
= H-32
D = Panel = 3 inch max.
Code Word: sraNpanase
$3.20
28.00

Package of 10,

Package of 100

Type 938-B Insulators

A = % inch B = 3 inch
(" = 14 inch square

Code Waord: STaNpPARAUK

$1.00

Package of 100 Sets . . 8.50

Package of 10 Sels

Type 938-J Jack

A = 3¢ inch hex.
B = Panel = ¢ ineh max.
C =14 928

Cade Waord: staxparact
Paelage of 10, £1.75

Package of 100 15.00

Type 938-W Binding Post
Assembly

A = ¥ inch B = 1 ineh min,
D = Panel = 3 ineh max.
Code Word: STANPARANT
Package of 10 . $4.20

Package of 100 36.50

Type 938-X Jack
Assembly

A = % inch B = I inch
D = Panel = ¥ inch max.
Code Word: STANPARART
Package of 10 . $2.75

23.50

Package of 100
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BINDING POST

The Tyre 938-A Binding Post is made of
Bright-Alloy-plated brass. Connection can be
made to this post in a number of different
ways. The bottom of the base is eross-drilled
to take phone tips or wire ends directly,
while the top is drilled axially to receive the
Tyrr 274 Plugs. Spade terminals can be se-
cured firmly between the base and fluted nut.

INSULATORS

The Tyre 938-B Insulators are hollow
conical insulators molded of black poly-
styrene. They have been designed specifically
for use with the Tyre 938-A Binding Post
and the Tyre 938-] Jack (see “Assemblies”
below), and the interlocking design allows
their use on panels of any thickness.

JACK

The Tyere 938-] Jack is similar to the
Tyer 274-] Jack, but is made with a longer
shank so that it ean be used with the Tyrn
0938-B  Insulators (see T'yer 938-X  Jack
Assembly below). This jack ean also be used
without the insulators if it is mounted on
a thick panel, or mounted with spacers.

ASSEMBLIES

The Tyrr 938-W Binding Post Assembly
and the Tyrr 938-X Jack Assembly are con-
venient, bushing-type, jack-top terminals de-
signed for mounting on any panel up to
6 inch thick, Both assemblies use the Tyre
938-B Insulators to provide low-loss insula-
tion and a low terminal capacitance. The
Typr 938-W uses the Tyre 938-A Binding
Post so that connections to it can be made in
several different ways, while the Tyrr 938-X
uses the T'yee 938-J Jack to which conneetion
can be made by any Tyre 274 Plug. A set of
two of either assembly can be mounted with
34 inch spacing to take the Typre 274-M
Double Plug. A square shoulder on the bind-
ing post keys to the insulator which in turn
can be keyed to the panecl

The d-c¢ leakage resistance of the poly-
styrene insulators is greater than 10 mega-
megohms, and the dissipation factor less
than 0.0005. The direct capacitance between
two Tyre 938-W Binding Post Assemblics
mounted #4 inch apart on a l4-inch metal
panel is about 0.7 puf. The capacitance of
one post to the panel is about 2.2 puf. Although
not primarily intended for high voltage use,
these binding posts can be used safely at
voltages up to 4000 volts peak.

GENERAL RADIO COMPANY
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TYPE 274 PLUGS AND JACKS

The Tyre 274 parts have become almost indispensable in laboratories everywhere as a simple
and flexible means of interconnecting equipment in temporary or semi-permanent setups. In
addition to being used on General Radio instr uments, they are used by many other manu-

facturers of laboratory equipment.

JACKS

The basie jack unit is the Typr 274-J which
is made of nickel-plated brass. All Tyrr 274-J
Jacks are furnished with tinned terminals and
nuts. Tyres 274-U and 274-D Plugs and all
double plugs are recessed in the top, thus
making jacks for other plugs.

SINGLE PLUGS

The Tyrr 271-P, the basic unit, consists of
a threaded nickel-plated brass stud which is
fitted with a beryllium-copper spring. A nut
and terminal are furnished. Tyrr 274X i
similar to T'yer 274-P, except the stud is not
threaded but has a tubular rivet top. Tyre
274-U has a larger threaded stud which is
recessed to take a Tyrer 274 Plug. Tyrr 274-D
18 similar to T'ypr 274-U but has an insulating
phenolie sleeve and a thumbserew.

All plugs will earry & maximum current of
15 amperes on a resistive load.

Tyrr 274 Plugs and Jacks are shipped un-
assembled.

DOUBLE PLUG

The Typwr 274-M Double Plug consists of
two plugs set 34 inch between centers in a
molded polyst '\'1‘{‘11(‘ form. The top is recessed,
forming a double jack, so that these units can
be stacked in par LLH(_]. The plugs are drilled to
take cord tips, or wire leads, lock nuts being
provided for fastening.

The use of polvstyrene as the molding
material insures high leakage resistance and
low dieleetrie losses. The capacitance between
pins is about 0.8 puf at a dissipation factor of
less than 0.001. The direct-current leakage
resistance is greater than 10® megohms.

SHORT-CIRCUIT PLUG

~The Type 274-SB Short-Circuit Plug con-
sists of two Type 274-U Plugs and a nickel-
plated brass bar.

THE QUANTITY DISCOUNTS MENTIONED ON PAGE IV ALSO
APPLY TO QUANTITIES OF PACKAGES.

Type 274-P Plug

A = Panel = 1 inch max.
B = li; inch C=6-32
1 = % inch
Code Word! STANPARCAT
Package of 10 . . . . $1.25
Package aof 100 . . . . 8.50
1000—1899 . . . . . 78.00/M
2000—19,999 . . . . 73.00/M

Type 274-J Jack

A = 24 inch hex.
B = Panel = *4 inch max.
C=1}4-

Code Word: staxpanrop
Package of 10 . . . . . $0.75
Package of 100 . . . . 4.95
1000—19%9 . . . . . 46.75/M
2000—i15,089 . . . . 44.00/M

Type 274-X Plug

A = 0,135 ineh diam.

B =I5 inch
D = T inch

Code Word: STANPARTIN

¢ = L4 inch

Package of 10 . . . . . $0.85
Package of 100 . . . . 6.70
O00—i1989 . . . . . 61.00/M
2000—19.089 . . . . 57.50/M

Type 274-U Plug

A = 3% inch hex. nut.

B = Panel = %4 inch max.
C=1—28 D = 14 inch
Code Word: STANPARGOT
Package of 10 . . . . .  $1.50
Package of 100 . . . . 13.00

Type 274-D Insulated Plug

A = 14 ineh B = 74 inch
Code Word: sTANPAREYE

Package of & . . .+ .« . $2.50
Package of 10 . , . . . 4.00

Type 274-M Double Plug
A= 1% inches B = 13%%inches
Code Word: STANPARBUG

Unit Price . . . . . . $0.65
Package of 160 . . . 5.50

Type 274-SB Short-Circuit
Plug

A = 11 inches B = 13 inches

Code Word: staxpanzie

Unil Price . . . . . . $1.00
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TYPE 274-ND SHIELDED PLUG

This assembly consists of a pair of Tyre
274 Plugs mounted at standard 34-inch spac-
ing on a yellow phenolic support. A black
finish cast-sluminum shield fits over the plugs
and is connected to the ground terminal. The
assembly is designed to plug into and over

a pair of Type 938-W Binding Post Assem-
blies, mounted on & metal panel.

Type Net Weight

Code Word Price
274-ND

2 oz. | srarLuGpoG | $1.50

TYPE 274-NE SHIELDED CONNECTOR

The Tyre 274-N 18 Shiclded Connector con-
sists of a pair of Tyer 274-ND Shielded Plugs
with a 3-foot length of shiclded concentrie
cable. The cable has a characteristic im-
pedance of about 40 ohms and- the total
capacitance of the assembly is of the order
ol 160 ppl.

This connector is useful in high-frequency
work and in measurements where precauntions
in regard to shielding must be observed.

Tuype Net Weight Code Ward Price

274-NE

$4.00

534 oz. STAPLUGEYE

TYPE 274-NC SHIELDED CONNECTOR

This assembly is similar to the Type
274-NL except that the plugs are the stand-
ard Tyre 274-M Double Plug. It is useful in
applications where the shielding requirements
are not sufficiently severe to justify the use
of the Tyre 274-NE but where unshielded
leads cannot safely be used.

T_lurr' _-\"r.' ”- f.{,r.:.rf f”-’.'nfr' H.ru‘r." )”."r-f'f'

274-NC | 23] on.

: r;'r,\.\l'.\ RZOO _$2.75

TYPE 674 JUMBO

These are rugged, heavy-duty parts de-
signed for use in cireuits carrying relatively
large currents. They make safe and convenient
connectors for currents of 35 amperes or less.

The Tyres 674-1” and 674-J are very useful
as the plug and jack clements for plug-in
units, such as osecillator coils.

Type 674-P Jumbo Plug
A = 34 inch
B = Pancl =

C = %4-32

16 inch max.
D) = 13 inches
Code Word: STANPARAPE

$2.50

Package of 10 .

AR vl

BRAID <~ U

PLUGS AND JACKS

Except for size, these parts are very similar
in design to the Tyrer 274 Plugs and Jacks.
Nickel-plated brass is used in the construc-
tion except for the plug springs, which are
made of specially tempered beryllium copper.
Nuts and tinned soldering terminals are
supplied.

Type 674-J) Jumbo Jack

A = _'l' ii:l'll
B = Panel = Mg inch max.

C=1-20

Code Waord: STAXPARAYE

$2.20

Puackage of 10 .

THE QUANTITY DISCOUNTS MENTIONED ON PAGE IV ALSO
APPLY TO QUANTITIES OF PACKAGES
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PARTS AND ACCESSORIES

TYPE 920 SWITCH

The Tyre 920 Switch is a rotary, cam-
actuated, blade-type switch having one cam
and one single-pole, double-throw switch per
seetion. A ball detent and limiting stops are
built into the switch body; detent positions
are 2214° apart.

The switch body, shaft, cams, and blade
holders are molded phenolie. Cams and blade
holders are keyed together and held by stand-
ard 6-32 machine serews so that sections can
be added or removed casily. The switch blades
are rolled fine silver on spring-temper phos-

SPECIF
Insulation: Molded phenolie.

Resistance: The d-c resistance of two switch blades
plus the contact between them is about 5 milliohms.
Capacitance: The capacitance between
blades is about 2.5 puf.

two switch

Voltage and Current Ratings: The breakdown voltage
of the insulation is greater than 2000 wvolts peak, thus
allowing u safe operating maximum of 500 volis r-m-s
on low-current work. The switeh will break the eircuit
at H00 volts if turned rapidly to the new setting, but
voltages above 150 volts miy eause destructive areing
if the switeh is set between detent positions and the
current broken is more than a few milli:unperes.

phor-bronze, and are clamped in slots in
the blade holders. The blades can be bent
to achieve a wide variety of switching
arrangements.

The Tyer 920-A is a four-pole switch
having 11 positions and so arranged that dec-
ade steps (of, say, resistance or capacitance)
are obtained when four units having relative
magnitudes of 1, 2, 2, and 5 are connected to
the four poles. The switch is arranged so
that the units can be added in parallel or
series combinations,

ICATIONS

Currents up to 5 amperes can be carried by the switeh
at low voltage levels.

Terminals: Soldering terminals are an integral part of
the switch blades,

Mounting: Two panel holes, one %4-inch dinmeter for
the shaft hoss, and one for the single 10-32 mounting
serew. Switeh will fit on panels up to 245 inch thick, and
knob is supplied.

Dimensions: Panel space, 174 x 1Y inches over-all:
depth behind panel, Type 920-13, 134 inches; Tyres
920-A and -C, 2 inches.

Net Weight: Tyre 920-13, 214 ounces; Types 920-A
and -C, 3 ounces.

Type o Ll - Code Word I’r:\_:‘c-
920-A 4-Pole, Decade (1-2-2-5)............ NINNY [ $5.50
920-B 2-Pole, Double-Throw . . . ............ NITRE 3.50
920-C 4-Pole, Double-Throw . . ............. [ NOBLE 4.50

OTHER

resp

Two other decade switches, Tyrrs 510-P3 and 380-P3, are listed on pages 29 and 55,

SWITCHES

etively.

GENERAL RA
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PARTS AND ACCESSORIES

TYPE 119 RADIO-FREQUENCY CHOKE

USES: Typr 119 Choke is useful not only as
a radio-frequency choke in vacuum-tube cir-
cuits, but also as an inductance element in
filters and tuned circuits.

DESCRIPTION: 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.

SPECIFICATIONS

Accuracy of Inductance: 207,
Maximum Current: G0 ma.

FEATURES: There is only one significant point
of resonance, all minor resonances being prac-
tically eliminated by the method of winding
and assembling. The shunt capacitance is low,
so that the choke can be used at frequencies as
high as 40 megacyeles. The use of an iron-dust
core in Tyrw 119-B makes possible a high-
inductance unit with very little increase in
capacitance and resistance. The capacitance
and conduetance of this choke as a function of
frequency are shown on page 73.

At the left is a view of the Type 119 Choke and
at the right a sketeh of the base dimensions.,

Dimensions: (Height) 2 inches; for base dimensions, 5 e i
see sketeh, ‘ Sy T
Net Weight: Tyee 119-A, 214 oz.; Tyre 119-13, 3 oz. | /\/‘(’ii ]
(% YW=
D-C o((™ ))D~
Tupe Inductance Capacilance  Resistance \ / 1
119-A | 0.25h | duuf | 4500 “oms s \SF
119-B | 0.5 h | 5 uuf 150 © )
Type Code Word Price
119-A ‘ Radio-Frequency Choke ............. ’ IMAGE ‘ $2.25
119-B Radio-Frequency Choke ... ........ . IMBED 3.00

TYPE CAP-35

210

POWER CORD

This power cord is supplied with almost
all General Radio a-¢ operated instruments,
and 1s listed here for the convenience
of those ecustomers who require oceasional
replacements.

The Tyrr CAP-35 Power Cord is seven
feet long, and has the plug and connector
bodies molded in rubber dircetly to the two-
conductor, No. 18, Tyre SJ, stranded cord.

Net Code

Type Weight Woard Price

CAP-SSE_Pow:r Com 8 oz. ﬁ CORDY | $1.??

GENERAL RADIO COMPANY
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APPENDIX

A CONVENIENT

INDUCTANCE CHART FOR

SINGLE-LAYER SOLENOIDS

The chart on the next page i= used for determining the

I'.I:]!lLl’I of turns neces=uary to obtain a given |Hi|. ctance

rt below i plotted from

on a given winding form. The ¢
ling data published by wire manvinciurers

l"n] \\'II[

and is used to devermine the wire sizo,

The variables are n, the number of turns, and [« the
ratio of winding length to winding diameter, The ratio of
inductance to dinmeter of winding L/d is used as a
parameter.

The curves were computed from the expression given
in Cireular 74 of the U. 3. Bureau of Standards,® which,
using the terminology of the chart, may be written,

02508 ndz
L= —— K (1)
I
where L= the inductanee in gh, A s Nagaoka's constant,
wndd of and { are in inches.

For a given inductance the number of turns is then,

AODe~ @ e

This form of the expression is particularly convenient
beeause, in designing eoils, the engineer usually starts with
a given eoil form (0 f known) and needs a given induet-
ance L (L/d easily caleulated).

TURNS PER LINEAR INCH

25
B&S GAUGE WIRE

214

Since Nuagaoka's constant depends on the ratio 1/d,
the use of this ratio for the horizontal seale muikes all the

curves parallel, so that, in plotting them, only one curve
need be ealenlated. The others ean be drawn from a

template,

For interpolating between curves, a logarithmie seale
covering one deeade of L d is shown at the |-i;:l:r of the
chart.

EXAMPLE

Az an example of the use of these eharts, consider the
problem of designing a eoil of 100 gh induetance on a
winding form two inches in dinmeter, with an available
winding space of two inches, The quantity {/d is unity
and L /d is 50. FEntering the ehart at Lo = 50 and follow-
ing down the curve at the vertieal line {d = 1, we lind
that n, as indieated Dy the left hand vertieal seale, is
34 tarns,

With a winding space of two inches, this is equivalent
to 27 tarns per linear inch, close wound., The second chart
shows that No. 18 enamel or single=silk-, No. 20 double-
silk-, or single-cotton- or No. 22 double-cotton-covered
wire would be used elose wound. No. 25 bare wire,
double -‘|J:sr-t‘li. eould also bhe used.

**Radio Instruments and Measurements,” p. 252,

GENERAL RADIO COMPANY
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APPENDIX

DECIBEL CONVERSION TABLES

It is convenient in measurements and cal-
culations on communications systems to
express the ratio between any two amounts of
electric or aecoustic power in units on a
logarithmic scale. The deecibel (1/10th of the
bel) on the briggsian or base-10 scale and
the neper on the napierian or base-e scale are
in almost universal use for this purpose.

Since voltage and current are related to
power by 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 IT on the following pages
have been prepared to facilitate making con-
versions in either direction between the
number of decibels and the corresponding
power, voltage, and current ratios. Both
tables can also be used for nepers and the
mile of standard cable by applying the con-
version factors from the table on the opposite

page.

Decibel — The number of decibels N g corre-
sponding to the ratio between two amounts
of power P, and Ps is

>

Py (1)

Na = 10 logy P,

When two voltages F, and E. or two cur-
rents [, and /5 operate in identical impedances,

Na =20 logn.% (2)
42
I

and Na = 20 logio T (3)
2

If %y and I, or I, and T; operate in unequal
impedances,

Yo b
Na = 20 logg El; + 10 logio Z
+ 10 loge %! 4)
2
and .’\rgb = 20 lﬂgw? + 10 logm ?
+ 10 logse :‘T-; (5)

where Z, and Z, are the absolute magnitudes
of the corresponding impedances and k; and k»
are the values of power factor for the im-
pedances. E,, K., [,, and I, are also the
absolute magnitudes of the corresponding
quantities. Note that Table I and Table IT

216

can be used to evaluate the impedance and
power factor terms, sinée both are similar to
the expression for power ratio, equation (1).

Neper — The number of nepers N,.., corre-

>

sponding to a power ratio 1—,' is
2
. I B "
Nuep = 3 loge ?-; (6)

. } 41 . I 1
For voltage ratios 5+ or current ratios —
152 e

working in identical impedances,

Nup = log.% (7)
and Niuep = lngc?

When E, and E. or I, and I, operate in
unequal impedances,

Nuep = log. -ET: -I-% lug.,% - %loge% (8)
and
= I 1 VA 1 k
-\'ne;u = logs ‘I"E + § Inge 7—: + Q lOgt T: (g)

where Z; and Z; and k; and ks are as in equa-
tions (4) and (5).

GENERAL RADIO COMPANY



DECIBEL CONVERSION TABLES

RELATIONS BETWEEN DECIBELS, NEPERS, AND MILES OF STANDARD CABLE

Multiply By To Find
decibels. . .. .. L1151 nepers
decibels. . . ... 1.056 miles of standard cable
miles of standard eable 047 decibels
miles of standard cable .109 nepers
nepers. ...... 5,686 decibels
nepers. ...... 9.175 miles of standard eable

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES

Values outside the range of either Table I
or Table II on the following pages can be

readily found with the help of the following
simple rules:

TABLE |: DECIBELS TO VOLTAGE AND POWER RATIOS

Number of decibels positive (-4): Subtract
+20 decibels suceessively from the given
number of decibels until the remainder falls
within range of Table I. 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 — (fiven: 49.2 db.
49.2db —20db — 20 db = 9.2 db
Voltage ratzo: 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 X 100 X 100 = 83180 — 49.2 db

Number of decibels negative (—): Add +20
decibels successively to the given number of
decibels until the sum falls within the range
of Table 1. For the vollage ratio, divide the
value from the left-hand voltage-ratio column
by 10 for each time you added 20 db. For the
power ratio, divide the value from the left-
hand power-ratio column by 100 for each time
you added 20 db.

Example — Given: —49.2db

—492db +20db +20db = —9.2db

Voltage ratio: —9.2 db — 3467
3467 X 1/10 X 1/10 = .003467 —
—49.2 db

Power ratio: —9.2 db — .1202
1202 X 1/100 X 1/100 = .00001202 —
—49.2 db

TABLE Il: 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—~Given: Voltage ratio = 0131
0131 X 10 X 10 = 1.31

I'rom Table 11, 1.31 — 2.345 db
2.345 db — 20 db — 20 db = —37.655 db

GENERAL RADIO COMPANY

For ratios greater than those in table—
Divide the given ratio by 10 successively
until the remainder can be found in the table.
To the number of decibels thus found, add
=420 db for each time vou 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 + 20 db + 20 db = 57.050 db
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TABLE |
GIVEN: Decibels TO FIND: Power and { YOM99el poyi
Current
TO ACCOUNT FOR THE SIGN OF THE DECIBEL
For positive (4 ) values of the decibel—Both voltage For negative (—) values of the decibel—Both voltage
and power ratios are greater than unity. Use the two and power ratios are less than unity. Use the two left-
right-hand columns. hand columns.
Power | Voltage
Example—Given: == 9.1 db. Find: Ralio | Ratio
+9.1db | 8.128 2.851
—9.1db | 0.1230 | 0.3508
—db+ -db+
<= - < -
Voltage | Power b ]‘-N;fyl' Power _T’off@c Power m V;Hngf‘ l Power
Ratio Ratio Ratio Ratio Ratio Ratio Ratio | Ratio
1.0000 | 1.0000 0 1.000 1.000 - 5623 3162 5.0 1.778 | 3.162
9886 D772 A | 1.012 1.023 5559 3090 5.1 1.799 | 8.236
9772 L9550 2 1.028 1.047 0495 | .3020 5.2 1.820 3.811
L9661 9333 .3 1.035 | 1.072 5433 | .2951 5.8 1.841 3.388
9550 ‘ 0120 K 1.047 1.096 5370 | .2884 5.4 1.862 3.467
|
0441 | 8918 .5 1.059 1,122 L5309 2818 5.5 1.884 3.548
0333 | 8710 .6 1.072 1.148 S248 | 2754 5.6 1.905 | 8,681
92206 8511 T 1.084 1.175 L5188 L2692 5.7 1.928 3.715
9120 8318 .8 1.096 1.202 5129 | .2630 5.8 1.950 3.802
9016 .8128 .9 1.109 1.230 5070 | L2570 59 |, 1.972 | 8.890
8913 7943 1.0 1.122 1.259 5012 | .2512 6.0 1.995 3.981
.8810 1762 1.1 1.135 1.288 4055 | L2455 6.1 2.018 4.074
8710 L7586 1.2 1.148 1.318 4808 .2399 6.2 2.042 4.169
8610 413 1.3 1.161 1.349 4842 2344 6.3 2.065 4.266
8511 7244 1.4 1.175 1.380 4786 2291 6.4 2.089 4.865
8414 L7079 1.5 1.189 1.418 4732 | 2230 6.5 2.118 +.467
8318 .6918 1.6 1.202 1.445 A6TT L2188 6.0 2.138 4.571
8242 6761 1.216 1.479 4624 | 2138 6.7 2.163 4.677
.8128 L6607 1.8 1.230 1.514 A571 L2089 6.8 2.188 | 4.780
L8035 G457 1.9 1.245 1.549 4519 2042 6.9 2.213 | 4.808
7943 | L6310 2.0 1.259 | 1.585 4467 .1995 7.0 2239 | 5.012
7852 | L6166 2.1 1.274 1.622 4416 1950 73 2.265 5.129
J762 1 .6026 2.2 1.288 1.660 4365 ‘ 1905 7.2 2.201 | 5.248
7674 5888 2.3 1.308 1.698 43815 1862 7.3 2.317 | 5.370
L7586 5754 2.4 1,818 1.738 4206 1820 7.4 2.344 5.495
7499 5623 2.5 1.834 1.778 A217 ‘ 1778 7.5 2.371 5,623
7413 54405 2.0 1.849 1.820 4169 1738 7.6 2.399 5.754
7328 5370 2.7 1.365 1.862 4121 1698 7.7 2.427 5.888
L7244 5248 2.8 1.880 1.905 4074 | 1660 7.8 2.455 6.026
L7161 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
.6998 L4808 3.1 1.429 2.042 3036 | 1549 8.1 2.541 6.457
6918 4786 3.2 1.445 2.089 L3890 1514 8.2 2.570 6.607
.6839 4677 3.3 1.462 2.138 L3846 1479 8.8 £2.600 6.761
6761 ABT1 3.4 1.479 2.188 L8802 1445 8.4 2.630 6.018
6683 4467 3.5 1.496 2.239 8758 1418 8.5 2.661 7.079
6607 4365 3.6 1.514 2.201 9715 1380 8.6 2.692 7.244
6531 4266 3.7 1.581 2.344 L3678 1849 8.7 2.723 7.413
6457 4169 3.8 1.549 £.399 3631 .1318 8.8 2.754 7.586
.6388 4074 3.9 1.567 | 2.455 3589 .1288 8.9 2.786 7.762
6310 3981 4.0 1.585 | 2.512 3548 1259 9.0 2.818 | 7.943
6237 3890 4.1 1.603 2.570 L3508 L1230 9.1 2.851 §5.128
6166 3802 4.2 1.62¢2 2.630 46T 1202 0.2 2.884 8.318
6095 8715 4.8 1.641 2.692 .3428 1175 9.3 2.917 8.511
L6026 .3681 4.4 1.660 2.754 .3388 1148 9.4 2.951 | 8.710
5957 .3548 4.5 1.679 2.818 3350 1122 9.5 2.985 8.913
5888 3467 4.6 1.098 £.884 8311 .1096 9.6 3.020 9.120
5821 .3388 4.7 1.718 2.951 L3273 1072 9.7 3.055 0.3338
5754 3811 4.8 1.738 | 3.020 3236 1047 9.8 3.090 9.550
.5689 .3236 4.9 1.758 i 3.090 3199 | .1023 9.9 3.126 9.772
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DECIBEL CONVERSION TABLES

TABLE | (continued)

—-db+ —db+
< - e =S
Voltage | Power Voltage | Power Voltage |  Power db Voltage | Power
Ratio | Ratio | % | Ratio | Ratio Ratio | Ratio Ratio | Ratio
3162 f 1000 | 10.0 | 3.162 | 10.000 1585 | 02512 | 16.0 | 6.310 | 39.81
3126 | 09772 | 101 | 8199 | 70.28 1567 | 02455 | 161 | 6383 | 2074
L3090 | 09550 | 10.2 3.236 10.47 1549 .02399 16.2 6.457 41.69
8055 | .00333 | 1083 | 3273 | 10.72 1581 | 02344 | 16.3 | 6.531 | 42.66
.3020 .09120 10.4 8.311 10.96 1514 02291 16.4 6.607 | 43.65
2085 | 08018 | 10.5 | s8.350 | 11.22 1496 .02239 | 16.5 | 6.683 | 44.67
2051 08710 | 10.6 3.388 | 11.48 1479 02188 | 16.6 6.761 45.71
2017 | 08511 | 1007 | 8428 | 1175 462 | 02188 | 167 | 6830 | 4677
2884 | ,08318 | 10.8 | 8467 | 12.02 Jd445 | 02080 | 16.8 | 6.918 | 47.86
2851 | ,08128 | 10.9 | 8.508 | 12.30 1429 | 02042 | 16.9 | 6.998 | 48,98
J2818 07943 | 11.0 3.548 12.59 1413 01995 | 17.0 7.079 50.12
2786 | 07762 | 11.1 | 8580 | 1288 896 | .01950 | 17.1 | 7161 | 51.29
L754 | 07586 | 11.2 | 8681 | 1318 21880 | 01905 | 17.2 | 7ed4s | 5248
2723 | 07418 | 11.3 | 38678 | 13.49 1865 | 01862 | 17.8 | 7.328 | 53.70
12602 ‘ 07244 | 114 | 8715 | 1880 1840 | 01820 | 174 | 7413 | 354.95
2661 | 07070 | 11.5 | s7ss | 1413 1384 | 01778 | 17.5 | 7.499 | 56.28
2630 | 06018 | 11,6 | 8802 | 1445 1318 | 01738 | 1v.6 | 7.586 | 57.54
2600 | 06761 | 117 | s.846 | 1479 1303 | 01698 | 17.7 | 7.674 | 58.88
L2570 | 6607 11.8 3.890 15.14 1288 | 01660 17.8 7.762 60.26
2541 | .o6457 | 1100 | 3036 | 1549 1274 | 01622 | 170 | 7.852 | 61.66
2512 | 06310 | 12.0 | 3.981  15.85 1259 | 01585 | 18.0 | 7.943 | 63.10
2483 | 06166 | 12.1 | %.027 @ 16.22 Jd245 | 01549 | 181 | 8035 | 64.57
2455 | 06026 | 12.2 | 4.074 | 16.60 230 | 01514 | 18.2 | 8128 | 66.07
2427 05888 | 12.8 4121 | 16,98 JA216 | 01479 18.3 8.222 67.01
2899 | 05754 | 124 | 4160 17.38 Jd202 | 01445 | 184 | 8318 | 69.18
2371 | 05628 | 125 | 417 | 1778 Jd189 | 01418 | 18.5 | s8.414 | 7vo.m0
2344 | (05495 | 12,6 | 4.266 | 1820 175 | 01880 | 186 | 8511 | 72.44
2317 | .05870 | 127 | 4315 | 1862 21161 | .01349 | 1877 | s&610 | 74.18
2201 | 05248 | 128 | 43365 | 19.05 71148 | 01818 | 188 | 8710 | 75.86
2265 | 05120 | 129 | 4.416 | 1950 1185 | 01288 | 18.9 | 8811 | 77.62
2239 05012 | 13.0 4.467 19.95 1122 01259 | 19.0 8.913 | 79.43
2218 | 04808 | 1831 | 4510 | 2042 1109 | 01230 | 19.1 | 9.016 | 81.28
2188 | 04786 | 182 | 4571 @ 20.89 1096 | 01202 | 19.2 | 9.120 | 83.18
L2168, | 04677 | 18.8 4.624 21.88 1084 01175 | 19.8 9.226 85.11
2138 | 04571 | 18.4 4.677 21.88 1072 | 01148 | 19.4 9.333  87.10
2118 | 04467 | 185 | 4732 | 22390 1059 | .01122 | 19.5 | 9.441 | 89.18
2080 | .04365 | 18,6 | 4786 @ 22.91 1047 | [01096 | 1996 | 9550 | 91.20
2065 | 04266 | 187 | 4.842 | 23.44 1085 | 01072 | 197 | 9.661 | 908.38
2042 04169 18.8 4.808 23.99 L1023 01047 19.8 9.772 95.50
2018 | 04074 | 180 | 4.955  24.55 012 | 01023 | 199 | 9886 | 97.72
1995 | 03981 | 14.0 | 5.012 | 25.12 1000 01000 | 20.0 | 10.000 = 100.00
1972 | 03890 | 141 | o070 | 2570 3 K |
21950 | 03802 | 142 | 5120 | 2630
1028 | (08715 | 143 | 3188 | 26.92 —db+
1905 | 03681 | 144 | 5.248 | 2754 - g
L1884 03548 | 14.5 5.309 I 28.18 Voltage | Power Voltage Power
1862 | 03467 | 146 | 5370 | 25.84 Ratio | Ratio | 9 Ratio | Ratio
Jd841 | .0838s | 147 | 5483 | 2051 5 il :
1820 | 08311 | 148 | 5.495 | 30.20 3.162%1071 | 1071 | 10 3.162 10
L1799 03236 | 14.9 5.559 $0.90 1071 1072 20 10 102
8.162%102 10°% | 80 | 8.162X10 | 109
1778 | 03162 | 15.0 | 5.623 | 31.62
1758 | 03090 | 15.1 | 5689 8236 1072 107 | 40 10%| 104
788 | 03020 | 15.2 | 5754 | 8311 -
1718 02051 | 15.8 5.821 33.88 8.162X107% 1075 50 3.162x102 108
1698 | 02884 | 154 | 5.888 | 84.67 10—s| 1076 | 6o 108 | 108
8.162Xx107| 107 | 70 | 8.162X10%| 107
dos | s | aes | aaer | s 10 103 | 8 |l 12
:{S;; :ggggg } g:; g:?gg 3;3[‘, g 8.1621075 1070 | 90 | s.162x104 | 10°
1608 | 02570 | 159 | 6.237 | 38.90 105 10719 | 100 10% | 1010

To find decibel values outside the range of this table, see page 217
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APPENDIX

TABLE I
Voltage :
GIVEN: Rati : i
N Current o TO FIND: Decibels
POWER RATIOS
To find the number of decibels corresponding to a given Exampla—(‘lwn a power ratio of 3.41.
power ratio—Assume the given power ratio to be .l. Find: 3.41 in the table:
voltage ratio and find the corresponding number of Xy
deeibels from the table. The desired result is exactly 3.41—10.655 db (voltage)
one-half of the number of deeibels thus found. 10.655 db X 14 = 5.328 db (power)
Voltage |
Ratio .00 .01 o2 | .08 ‘ .04 05 | 08 | .07 ‘ .08 .09
1.0 000 086 172 .257 341 424 506 588 | 668 749
1.1 828 06 984 1.062 1,188 1.214 1.289 1.364 | 1.438 1.511
1.2 1.584 1.656 | 1.727 1.798 1.868 1.938 2.007 2.076 | 2.144 2.212
1.3 2.279 2.345 2.411 2.477 2.542 2.607 2.671 2.784 2.798 2.860
1.4 2.928 2.984 3.046 3.107 3.167 8.227 3.287 3.846 8.405 3.464
1.5 8.522 3.580 3.637 3.694 3.750 3.807 | 3.862 3.918 8.978 4.028
1.6 4.082 4.187 4.190 4.244 4.297 4.350 4.402 4.454 4.506 4.558
3 W 4.609 4.660 4.711 4.761 4.811 4.861 4910 4.959 5.008 5.057
1.8 5.105 5.154 5.201 5.249 5.296 5.343 5.890 | 5.437 5.483 5.529
1.9 5.575 5.621 5.666 5.711 5.756 5.801 5.845 5.889 5.938 5.977
2.0 6.021 6.064 6.107 6.150 6.193 6.235 6.277 6.319 6.361 6.403
2.1 6.444 6.486 6.527 6.568 6.608 6.649 6.689 6.729 6.769 6.809
2.2 6.548 6.888 6.927 6.966 7.008 T.044 7.082 7.121 7.159 7.197
2.3 7.285 T.272 7.810 7.347 7.384 7.421 7.458 7.495 | 7.582 7.568
2.4 7.604 7.640 7.676 T.712 7.748 7.783 7.819 7.854 7.889 7.924
2.5 T7.959 7.993 8.028 8.062 8.097 8.181 8.165 8.199 8,232 8.266
2.6 8.299 8.8333 8.366 8.899 8.48¢ 8.465 8.498 8.580 8.568 8.595
2.9 8.627 8.659 8.691 8.723 8.755 B.T87 8.818 8.850 8.881 8.912
2.8 8.943  8.974 9.005 9.036 9.066 9.097 9.127 9.158 9.188 9.218
2.9 9.248 9.278 9.808 9.887 9.367 9.896 9.426 9.455 9.484 | 9.518
3.0 9.542 9.571 9.600 9.629 9.657 9.686 | 9.714 9.743 9.771 9.799
8.1 9.827 9.855 9.883 9.911 9.989 9.966 9.994 10,021 | 10.049 | 10.076
8.2 10.108 | 10.130 | 10.157 | 10.184 | 10.211 10.288 | 10.264 | 10.291 | 10.817 | 10.844
8.3 10.870 | 10.897 | 10.428 | 10.449 @ 10.475 10.501 | 10.527 | 10.558 | 10.578 10.604
8.4 10.680 | 10.655 | 10.681 10.706 | 10.781 10.756 | 10.782 | 10.807 | 10.832 | 10.857
8.5 10.881 10.906 = 10.981 10.955 . 10.980 | 11.005 | 11.029 | 11.053 | 11.078 | 11.102
8.6 11.126 | 11.150 | 11.174 | 11.198 11.222 | 11.246 | 11.270 | 11.293 | 11.817 | 11.841
8.7 11.864 | 11.887 | 11.411 11.484 11.457 | 11.481 11.504 11.527 | 11.550 | 11.578
8.8 11.596 | 11.618 | 11.641 11.664 | 11.687 | 11.709 | 11.782 | 11.754 | 11.777 11.799
8.9 11.821 11.844 | 11.866 . 11.888 | 11.910 11,982 | 11.954 | 11.976 | 11.998 | 12.019
4.0 12.041 | 12.063 | 12.085  12.106 | 12.128 | 12.149 | 12.171 | 12.192 | 12.213 | 12.234
4.1 12.256 | 12.277 | 12.298 12.819 = 12.840 | 12.861 12.382 | 12.408 I 12.424 12.444
4.2 12.465 | 12.486 | 12.506 | 12.527 | 12.547 | 12.568 | 12.588 | 12.609 | 12.629 | 12.649
4.8 12.669 | 12.690 | 12.710 | 12.780 | 12.750 | 12.770 | 12.790 | 12.810 | 12.829 | 12.849
4.4 12.869 | 12.889 | 12.908 | 12.928 | 12.948 | 12.967 | 12.987 | 18.006 | 18.026 | 13.045
4.5 18.064 | 18.084 | 18.108 | 18.122 | 18.141 | 18.160 | 18.179 | 18.198 | 18.217 | 18.236
4.6 18.255 | 18.274 | 13.293 | 18.312 | 13.330 | 18.349 | 13.368 | 13.386 | 18.405 13.428
4.7 13.442 | 18.460 | 18.479 | 13.497 | 18.516 | 18.584 | 18.552 | 18.570 | 138.589 13.607
4.8 13.625 13.648 | 13.661 13.679 | 13.697 | 18.715 13.738 | 18.751 13.768 13.786
4.9 18.804 | 13.822 | 13.839 | 18.857 | 13.875 13.892 | 18.910 | 18.927 | 13.945 | 13.962
5.0 13.979 | 13.997 | 14.014 | 14.031 | 14.049 | 14.066 | 14.083 | 14.100 | 14.117 | 14.134
5.1 14.151 14.168 @ 14.185 | 14.202 | 14.219 | 14.236 | 14.258 14.270 | 14.287 14.308
5.2 14.820 | 14.387 @ 14.358 | 14.870 | 14.887 | 14.403 | 14.420 14.436 | 14.453 14.469
5.8 14.486 | 14.502 | 14.518 | 14.585 | 14.551 14.567 | 14.583 14.599 | 14.616 & 14.682
5.4 14.648 | 14.664 | 14.680 | 14.696 | 14.712 | 14.728 | 14.744 14.760 | 14.776 | 14.791
5.5 14.807 | 14.823 | 14.839 | 14.855 | 14.870 | 14.886 l: 14.902 | 14.917 | 14.933 14,948
5.6 14.964 | 14.979 | 14.995 | 15.010 | 15.026 | 15.041 | 15.056 | 15.072 @ 15.087 | 15.102
5.7 15.117 | 15.138 | 15.148 | 15.163 | 15.178 | 15.193 | 15.208 | 15.224 15.239 | 15.254
5.8 15.269 | 15.284 | 15.298 | 15.818 | 15.828 | 15.843 | 15.858 | 15.878 | 15.888 | 15.402
5.9 15.417 | 15.482 | 15.446 | 15.461 15.476 | 15.490 | 15.505 15.519 | 15.584 | 15.549
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DECIBEL CONVERSION TABLES

TABLE 1l (continued)

Voltage
Ratio .00 .01 .02 .08 04 .05 .06 .07 .08 .09
6.0 15.563 | 15.577 | 15.592 | 15.606 | 15.621 | 15.635 | 15.649 | 15.664 | 15.678 | 15.692
6.1 15,707 | 15.721 | 15.785 | 15.749 | 15.763 | 15.778 | 15,792 | 15.806 | 15.820 | 15.834
6.2 15,848 | 15.862 | 15.876 | 15.800 | 15.904 | 15018 | 15931 | 15.945 | 159590 | 15.978
6.3 15.987 | 16.001 | 16.014 | 16.028 | 16.042 | 16.055 | 16,069 | 16.088 | 16.096 | 16.110
6.4 16.124 | 16.137 | 16.151 | 16.164 | 16.178 | 16.101 | 16.205 @ 16.218 | 16.232 | 16.245
6.5 16.258 | 16.272 | 16.285 | 16.208 | 16.312 | 16.825 | 16.338 | 16.851 | 16.365 | 16.378
6.6 16.301 | 16.404 | 16.417 | 16.430 | 16.443 | 16.456 | 16.469 | 16.483 @ 16.496 | 16.509
6.7 16.521 | 16.584 | 16.547 | 16.560 | 16.573 | 16.586 | 16.599 | 16.612 | 16.625 | 16.637
6.8 16.650 | 16.663 | 16.676 | 16.688 | 16.701 | 16.714 | 16.726 | 16.739 | 16.752 K 16.764
6.9 16.777 | 16.790 | 16.802 | 16.815 | 16.827 | 16.840 | 16.852 | 16.865 | 16.877 | 16.890
.0 16,902 | 16.914 | 16.927 | 16.939 | 16.951 | 16.964 | 16.976 | 16.988 | 17.001 | 17.013
ok 17.025 | 17.087 | 17.050 | 17.062 | 17.074 | 17.086 | 17.098 | 17.110 | 17.122 | 17.185
.2 17.147 | 17.159 | 17171 | 17.183 | 17.195 | 17.207 | 17.219 | 17.231 | 17.243 | 17.255
3 17.266 | 17.278 | 17.290 | 17.802 | 17.814 | 17.826 @ 17.838 | 17.849 | 17.361 | 17.378
4 17.885 | 17.896 | 17.408 | 17.420 | 17.481 | 17.448 | 17.455 | 17.466 | 17.478 | 17.490
. 17.501 | 17.518 | 17.524 | 17.586 | 17.547 | 17.559 @ 17.570 | 17.582 | 17.593 | 17.605
. 17.616 | 17.628 | 17.639 | 17.650 | 17.662 | 17.678 | 17.685 17.696 17.707 | 17.719
. 17.780 | 17.741 | 17.752 | 17.764 | 17.775 | 17.786 | 17.797 | 17.808 | 17.820 | 17.831
. 17.842 | 17.858 | 17.864 | 17.875 | 17.886 | 17.897 | 17.908 | 17.919 | 17.931 | 17.942
i 17.958 | 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 | 18,234 | 18.244 18,255 18.266
18.276 | 18.287 | 18.207 | 18.308 | 18.819 | 18.329 | 18.340 | 18.850 18.361  18.871
18.88¢2 | 18.892 | 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 | 18.537 | 18.547 | 18.558 | 18.568 | 18.578

18.588 | 18.599 | 18.609 | 18.619 | 18.629 | 18.639 & 18.649 | 18.660 | 18.670 | 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 | 18.949 | 18.958 | 18.968 | 18.978
18.988 | 18.998 | 19.007 | 19.017 | 19.027 | 19.036 | 19,046 | 19.056 | 19.066 | 19.075

19.085 | 19.094 | 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 | 10.228 10.238 | 19.247 | 19.257 | 10.266
19.276 = 19.285 19,295 | 19.304 | 19.313 | 190.323 & 10.332 | 19.342 | 19.351 | 19.360
19.370 = 19.379 | 19.388 | 19.308 | 19.407 | 10.416 | 19.426 | 19.435 19.444 19.458
19.463 | 19.472 | 19.481 = 19.490 | 19.499 | 19.509 | 19.518 | 19.527 ’ 19.536 | 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 | 10.673 | 19.682 | 19.691 | 19.700 | 19.709 19.718 | 19.726
19.735 f 19.744 | 19.753 | 19.762 = 19.771 | 19.780 | 19.789 | 19.798 | 19.807 | 19.816
19.825 | 19.833 | 19,842 & 19.851 | 19.860 | 19.869 | 19.878 | 19.886 | 19.895 | 19.904
19.918 | 19.921 | 19.930 I 19.939 | 19.948 | 19.956 | 19.965 | 19.974 | 19.983 | 10,991

.

DORNONM BRO-D VXION SRR=D OIS H

ol fug_c | |
Ratio 0 1 | % 3 4 5 6 7 8 9

10 20.000 | 20.828 | 21.584 | 22.279 | 22.923 | 23.522 | 24.082 | 24.609 | 25.105 | 25.575
20 26.021 | 206.444 | 206.848 | 27.235 | 27.604 | 27.959 | 28.209 | 28.627 | 28.943 @ 20.248
30 29.542 | 29.827 | 30.103 | 80.370 | 30.630 | 80.881 | 81.126 | 81.864 | 81.596 | 31.821
40 32.041 | 32.256 | 82.465 | 82.669 | 32.869 | 38.064 | 98.255 | $8.442 @ 83.625 | 93.804

50 33.970 | 84.151 | 34.320 | 84.486 | 34.648 | S4.807 | 84.064 | 35.117  85.2690 85.417
60 35.563 = 85.707 | 85.848 | 85.987 | 36.124 | 36.258 | 86.391 | $6.521 | $6.650 | $6.777
70 86.902 | 87.025 | 87.147 | 87.266 | 87.385 | 87.501 | $7.616 | 87.730 | $7.842 | $7.958
80 38.062 | 88.170 388.276 | 88.882 | 38.486 | 38.588 | 88.690 | 88.790 | 88,800 | 88.988
90 39.085 | $9.181 | 89.276 | 39.870 | 39.463 | 39.554 | $9.645 39.785 | 39.825 | 389.918

100 |40000 | — | — | — | — S TN A N

To find ratios outside the range of this table, see page 217
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Type
CAP-35
KN
V-5
V-5
V-10
V-10

[-20
V-20

50

50

50-P1

106
107
119
200-B
214-A
219
274
274
301-A
314-A
318-B
371
380
471-A
483-1"
500
505
509
510
520-A
522-A
530-A
544-B
516-C
549
561-D
566-A
572-B
578

222

INDEX BY TYPE NUMBER

Name
Power Cord
Fluted Knobs .
Variac
Ganged Variacs
Variac
Ganged Variacs
Variac :
Ganged Variacs
Variac
Ganged Variaes
Choke
Standard Inductance .
Variable Inductor .
Radio-Frequency Choke .
Variac -
Rheostat and Voltage Divider
Decade Condenser
Plugs and Jacks
Shielded Plugs and Cables
Rheostat and Voltage Divider
Rheostat and Voltage Divider
Dial Plate . ks
Rheostat and Voltage Divider
Decade-Capacitor Unit
Rheostat and Voltage Divider
Output Meter .
Resistor
Capacitor
Standard Condenser
Decade-Resistance Unit .
Dial Lock .
Dial Plate .
Band-Pass Filter .
Megohm Bridge
Microvolter
Contactor .
Vacuum-Tube Bridge
Wavemeter
Microphone Hummer
Shielded Transformer

Page
210
202

18
22
18
22
18
22
18
22
22
60
58
210

18
38
53
207
208
38
38

199
38
54

38

153
37
51
49
28
199
199
140
88

158

(31

86
193
128

80

Type
583-A
602
620-A

631-B
631-1
648-A
650-A
650-11
651-AL
651-AG
654-A
663
667-A
668

670-F
674
700-A

700-"1
T707-A
707-P
715-A
716-C
720-A
722
723
723-P
724-B
726-P1
727-A
728-A
729-A
736-A
740-B
758-A
759-B
750-P21

759-P35

Name
Output-Power Meter .
Decade-Resistance Box
Heterodyne Frequency Meter and

Calibrator
Strobotac
Strobotron .
Strobolux
Impedance Bridge
Oscillator-Amplifier
Oscillograph Recorder
Camera ,
Decade Voltage Divider .
Resistor
Inductance Bridge . . . .
Compensated Decade-Resistance
Unit . slbE
Compensated Decade Resistor
Plugs and Jacks
Wide-Range Beat-Frequency
Oscillator
Voltage Divider =
Cathode-Ray Null Detector .
Tuning and Phasing Units
Direct-Current Amplifier
Capacitance Bridge
Heterodyne I'requency Meter
Precision Condenser
Vacuum-Tube Fork
Power Supply .
Precision Wavemeter |
Multiplier . .
Vacuum-Tube Voltmeter
D-C Vacuum-Tube Voltmeter
Megohmmeter .
Wave Analyzer .
Capacitance Test Bridge .
Wavemeter
Sound-Level Meter
Extension Cable and Tripod .
Vibration Pickup .
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Page
154

178

76
78
136

33
36
79

31

208

116
117
95
96

70
180
44-46
126
127
194
148
148
150
151
130

195
10
11
12



Type
759-P36
760-A
761-A
762-B
774
783-A
805-C
813-A
815
816
821-A

829
830
846
847
848
857-A
869-A
874
901
902
904
905
906
907
913-C
916-A
920
938
940
1001-A
1100-A
1101-A
1102-A

1103-A
1105-A
1106

1107-A

INDEX BY TYPE NUMBER

Name
Control Box
Sound Analyzer
Vibration Meter
Vibration Analyzer
Coaxial Connectors (Terminals) .
Output-Power Meter .
Standard-Signal Generator
Audio Oscillator
Precision Fork .
Vacuum-Tube Precision Fork
Twin-T Impedance-Measuring
Circuit
Decade Attenuator Unit .
Wave Filters
Variable Air Capacitor
Variable Air Capacitor
Variable Air Capacitor
U-H-T' Oscillator .
Pulse Generator
Coaxial Connectors (Terminals)
Direct-Drive Dial .
Direct- and Friction-Drive Dial
Direct- and Friction-Drive Dial
Precision Dial .
Precision Dial .
Gear-Drive Precision Dial
Beat-I"requency Oscillator
Radio-I'requency Bridge .
Switeh .
Binding Posts and Insulators
Decade-Induetor Unit
Standard-Signal Generator
Frequency Standard .
Piezo-Electric Oscillator .
Multivibrator and Power Supply
Unit .
Syneronometer
TFrequency Measuring Equipment
Frequency Transfer Unit

Interpolation Oscillator

Page

12
13
15
17
204
155
110
127
191
192

72
34
138

200
200
200
200
198
114

74
209

165
165
167
170
172

Type
1108-A
1109-A
1110-A
1110-P1
1140-A
1141-A
1170-A
1175-B
1175-BT
1176-A
1181-A
1205-A
1206-A
1207-A
1207-P
1231-B
1231-P
1260-A
1261-A
1301-A
1301-P1
1302-A
1450
1490
1500-A
1500-P
1530-A
1533-A

1611-A
1612-A
1614-A
1631-A
1670-A
1800-A
1800-P2
1802-A
1861-A
1931-A
1932-A

(continued)

Name

Coupling Panel
Comparison Oscilloscope .
Interpolating Frequency Standard
Multivibrator .
U-H-I' Wavemeter
Audio-Frequency Meter .
F-M Monitor .
Frequency Monitor
I'requency Monitor
Frequency Meter .
Frequency Deviation Monitor
Unit Power Supply
Unit Amplifier .
Unit Oscillator
Coils and Tuning Units
Amplifier and Null Detector .
Tuned Cireuit .
Variac-Rectifier
Power Supply .
Low-Distortion Oscillator
Range Extension Unit
Oscillator i
Decade Attenuator
Decade Inductor
Counting-Rate Meter
Counter Tubes
Miecroflash . o
High-Speed Motion-Picture

Assembly :
Capacitance Test Bridge .
R-I' Capacitance Meter .
Capacitance Bridge
Inductance Bridge
Magnetic Test Set
Vacuum-Tube Voltmeter
Multiplier . . . . =«
Crystal Galvanometer
Megohmmeter .
Modulation Monitor .

Distortion and Noise Meter .
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Page
175
174
176
176
196
190
184
186
186
188
182

93
146
148
144
152
132
134
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INDEX

Page

Adjustable transformer (Variac) . 18-22
Air capacitors . . . . . Lo 4449
Amplifiers :8 95, 98, 100, 105
Amplifier, bridge 78, 95, 100
direetéarrent~ . . ¢ s w e w0 98
unit o e e T LU
Amplifier and null dctt‘ctnr OB A e Sl [ i
Amplifier-oseillator . . . . . . . . 78
Analyzer, noise SmE LS R s e gD
FOW: c L o s e s e G @i x Oh
Wibration: O md o AR W s o T LT
wave 13, 17, 130
Attenuator, decnde . 34,35
Audio-frequency meter . 188-190

Audio-frequeney oseillator
78, 106, 114-121, 126-128, 172, 191, 192
Autotransformer (Variac) 18-22

Band-pass filter Sa 101, 138, 140
Bar knobs . . . S
Beat-frequency osmllaton 114-117, 172
Beat-frequency oscillator, wide-range . . . 116
Binding posts and assemblies . . . . . 206

Bridges . . . . .. 61-96
Bridge, capacitance ’ 70 77 82-85, 90, 92
capacitance test . . . . . . . 82-85
high-resistence . . . . « . . . 88
fapedance’ i, & o MRS BRI TR O PR
inductanee . . . . . . . 76,79 91
Megohts o - s @ 2 o5 s g s - 88
power-factor 70, 76, 82-85, 90
radio-frequency 72-75, 92
resistance . . . . . . . 74, 76, 88
Hoheridg . 5 .4 & % & % W @ 40
vacuum-tube . . . . . . « . . 88
Bridge amplifier 4 0 2 78, 95, 100
Bridge amplifier-oseillator . . . . . . 78
Bridge transformer . . 2 B o T Hab
Broadeast frequency momtm‘ e ShO2
Broadeast monitor, »-M . . . . . . . 184
Cable, extension, and tripod P A 3
shielded 203 -205, 208
Cable jack . 203-205
Cable plug . L . 203-205
Calibrator, |nezo-electnc i h Girg - (VS
Camera, continuous-film slrnlm-icopc ar i 6
Capacitance bridge 70-77, 82-85, 90 92
Capacitance test bridge : 82-85
Capacitors S 41-55
Capacitor, air dwlectnc RN L 44-49
o 53, 54
L R S 49-51
mica dieleetrie. . 49, 51, 53, 54
paper diclectric 53, 54
preaision = s s o o b e x40
standard . . . . . . . . 44-46,49
varishleale . 5 o+ & % ¥ @ a A4
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Cathode-ray null detector . . . . . . 95
Choke (for Variaes) . . . . . . . . 22
Choke, radio-frequency .. 210
Coaxial connectors . . . . . . . 203-205
Comparison oscilloscope . . 2 s oo Td
Compensated decade-resistance umr. o B e Ll
Compensated decade resistor . . . . . 30
Condensers (see Capacitors) . . 41-55
Connectors, coaxial . 203-205
shielded 203-205, 208
Constant-inductance I‘("wlﬂt()l'h 30, 31
Centacior hand ' 20 Sugulife s wam: ¢ = 3
st.ml)oscopc i doTow 5
Control box and vibration plckup w e ow owm  TB
Jopper-oxide rectifier voltmeter . . . . . 153
Cord, patch St i . 203-205
POWEE 0s: W Gy s e @ enl F o w w2
Comtertubes . < o & = e = % w107
Counting-rate meter . . . . . . . . 156
Coupling panel ., . . s @ & o liG

Crystal galvanometer (\ollmclm] ¢ W s = 144

Decade attenuator T o 34, 35
Deeade eapacitor unit R T NP TR S TR
Decade condenser . . . . . . . . . 33
Decade resistance box . . . . . 26, 30
Decade resistance unit . . w e 28
Deeade resistance unit, compensated . 31
Deeade switehes . . . . . 29 55, 209
Decade voltage divider . . . . . . . 33
Detector, heterodyne . . . . . . . . 170
Dial, direct-drive . . . . . . . . . 200

frdetion-drive .- 5 & 2 w i & 4 o« 200

goarcdlive . o s o o o6 o ow s x 195

precision . . . . . . . 198, 200
Dinliloak: o) L &5l 3 UsShie & 0189
Dial plate . . B B G E @ 208
Direct-current, a.mphﬁcr i W w8
Direct-current vacuum-tube voltmctcr w w300
Distortion and noise meter . . . . . . 131

PeMmonor & « 2 & @ s 4 o 7w SO
Filter, band-pass 101, 138, 140

RAEB-PASE: o e s s L ow w0 w0 s RS
IOWADERE: . . s wita s g w w w188
wave s R 101, 138, 140
Fixedoapacitor + & & & & 49-51
Fixed inductor . . . . . . . 60, 210
Fivedresistor « . .« « « +« « 36, 37
Thsh Hich-Rpedd 1o "2 00 B L G e os S
Fiatedoknobs: = v oo 8 G0 0 @ v 208
Fork, precision ol B s . 191, 192
vacuum-tube driven . . . . 126, 192

Frequency deviation monitor . . . . . 182
Frequency measuring equipment. . 159-196
Frequency meter, audio . 188-190

heterodyne. 170, 178, 180
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Frequeney monitor.

Frequeney standard

Frequeney transfer unit
Friction-drive dial . . . . . .

Galvanometer, crystal .
Ganged Variacs
Gear-drive dial .
Geiger-Mueller counter
Generator, pulse
standard-signal

Hand contactor : =%
Harmonie analyzer, . . . . .
Heterodyne detector :
Heterodyne frequency meter .
High-frequency resistor

High-pass filter

High-speed light source

High-speed motion picture HRhPmlll\
High-speed recorder

Hummer, microphone . . .

Impedance bridge . :
Impedance-measuring not\\ ork 'l“m-T
Inductance bridge

Inductance standard

Industors: : « & & & .=

Inductor, decade . . . . .
BEel . . o e us % e e
standard

PRIRDIE) o Lo e o 3 TabeHIg
Industrial instruments. . . . ., .

Insertion unit, coaxial . . . .
Insulated plugs St
Insulators, panel termmal e

Interpolating frequency standard
Interpolation equipment, .
Interpolation osecillator
Inverse-feedback oscillator .

Jack connector, coaxial
Jacks and plugs . .
Jumbo jacks TR R
Jumbophigs: "= : . & v s e

BRODE . . o o o = e a e a
Knob, bar G W, ol e W
flitfed =~ & ¢ % & oW oW u
spinner
switch .

Lock,dial . . . . . .
Losses in capacitors R
Low-distortion oseillator . . .
Low-pass filter

Magnetic testset . . . . . . .
Megohm bridge . . . . . . .
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. 182-189
164-166, 176
. 170

200

144

22

198

156

124

. 110-113

H

3» I7 130
170

170, 178, 180

s w @8
= w188
8

i 7

6, 136

128

76

o w0
76, 79, 91
iy g R
56-60, 210
56, 57

60, 210
60

H6-59

. 1-22
204

207

206

176

. 167-176
i 172
. 118-121

203-205

203 204 206-208

208
208

. 202
202
202
202
202

199
42
A 2
v o 188
93
o 13 88

Page

Megohmmeter 151, 152
Meters 3 : 141-158
Meter, alternatmg—curront. 5 144—]4!} 153-155, 158
audio-frequency . . . . 188-190
battery-operated . 144, 148-151
counting-rate . 156
distortion and noise 134
frequeney deviation . 182-180
heterodyne frequency . 170, 178, 180
megohm 151, 152
noise 10
output . 153
output-power . . 154, 155

r-f capacitance 92
sound-level . 10
vibration: .. . . v e e 8w e IR
Microflgall © « 5 & T 5 e g g, 8
Mierophone hummer SO 128
Microvolter, audio-frequeney . . . . 158
Modulation monitor ., . . . . 132
Monitor, frequency raly . 182-189
Motion-picture assembly . . . . . . . 7
Multiplier (for vacuum-tube voltmeter). 148
Multivibrators . . , . : 165, 176
Mutual inductance standar tl g I 58
Network, attenuation . . . . 34, 35
Noise meter 5 G 10, 134
Null detector, and amphher w5 ow oW ow w1300
cathode-ray . ., . . . . 95

Oscillators 78, 106, 110-128, 165, 172, 176, 191, 192
Oseillator, audio
78, 106, 114-121, 126-128, 172, 191, 192
beat-frequency . 114, 116, 172
electro-mechanical 126-128, 191, 192

interpolation 172
inverse feedback ~ 118-121
piezo-electric g o cw = s 200G TT8
radio-frequency . 106, 110-113, 116, 122
resistance-capacitance-tuned Leooe 1184121
tuning-fork-driven 126, 127, 191, 192
ultra-high frequency . 122
unit 5w TH S 106
Osclllator-amphﬁer iR~ T R~ AU /.
Oscillograph recorder . . . . ., . . . 136
Oscilloscope, comparison ., . . . . ., . 174
Quitpatmeter .. . . & o o« s e e 153
Output-power meter ., . ., ., . . 154 155
Panel jack, coaxial . . . . . . . 203-205
Panel plug, coaxial s & wr s . 203-205
Panel terminal insulators . . 206
Parts and accessories . 197-210
Pateh cord . . 203-205
Pickup, vibration S & = X2
Piezo-electric oscillator . . . 165, 176
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Plate, dial . . . 1
Plug connector, coa\w.[

Plugs and jacks

Powercord . . . . . .
Power meter, output . . .
Power stroboscope . . . .
Power supply . . .
Precision condenser

Precision dial

Precision fork . . . . .
Precision wavemeter ;
Primary frequency standard .
Pulse generator . . . .

Radio-frequency bridge

.

Radio-frequency capacitance meter .

Radio-frequency choke
Radio-frequency oscillator
Range-extension unit .
Recorder, oscillograph
stroboscopie .

Resistance, compensated decadc

decade ., . "
Resistance bridge . .
Resistance meter

Resnstancc-capacltancc-tuned osctllator

Resistors

Resistor, compensated decadc
constant-inductance .
decade . "
fizad, ' = a4
high-frequency .
variable . .

Rheostat and voltage dmder

Schering bridge . .
Secondary frequency standard
Shielded eonductors . .
Shielded plug and eable

Shielded transformer . . .
Signal generator, standard
Sound analyzer . . . .

Sound-level meter .

Spinner knob

Standard, inductance .
interpolating frequency .
mutual induetance
primary frequency
secondary frequency .

Standard condenser

Standard-signal generator

Strobolux . . . . .

Stroboscope

Stroboscope contactor

Stroboscope recorder . . .
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vooe w199
.. 203-205

_ 208, 204, 207, 208

210
. 154, 155

bof i T
. 102-105

. . 4446
.. 198, 200
. 191, 192
.. 194

. 164-166
.12

. . 7275
92
210

. 106, 110-113, 116, 122

= . 118
s cas wwn MO0
& fe 6
.30, 31
26-32

74, 76, 88

. 151, 152

. 118-121
23-40

30, 31
.30, 31

. 26-32
36, 37
26-32, 38-40
. . 3840

& e O
.. 164-166
203-205, 208
203-205, 208
wirsd 400

. 110-113

¢ lggiah A5G
PRRNC . < |
. 202

. 60

176

R .. -
.. 164-166
. 164-166
44-46, 49

. 110-113

4

e a2l neey
57 i as 5
i 6

Strobotéie. . . « .+ .
Strobotron. . . . . . .
Switeh knob . . . . .
Switches . . :
Synchronous-motor contactor
Syneronometer .

Television frequency monitor
Temperature-control box .
Terminal insulators, panel
Terminal unit, coaxial

Test bridge, capacitance
Test set, magnetic .
Transfer unit, frequency .

Transformer, adjustable (Vanac)

bridge .

shielded . .
Tripod and extension cable ;
Tuned cirecuit . . . . .
Tuning fork, precision

vacuum-tube driven .
Tuning-fork oscillators

.

Page

W00 es L s 2
L af 3
. . 202

29, 55, 209

@ ¥ m om 5
v % % & 168

T
T
! e A 206
& w 203 205
« . 82-85

i e & 23
Jedca . T

e v s 1822
SRR Y
- . . - 80
XN 11
TN T R | |
... 191,192
. 126, 192

126, 127, 191, 192

Twin-T impedance-measuring petwork . . . 72
U-H-T heterodyne frequency meter . . . . 180
U-H-I" oscillator R A ol s
U-H-F wavemeter . = . .+ . 195, 196
Unit instruments . . . . . . . .105 106
Vacuum-tube bridge . . . ., . . . . 86
Vacuum-tube driven fork . . . , . . 126, 192
Vacuum-tube voltmeter . . . . . 144-150
Vacuum-tube voltmeter,d-e . . . . . . 130
Variable air capacitor . . . . . . . 4449
Variable inductor . . . . . 56-59
Variable resistor . . . . . 26-32, 3840
Moot . . . e e e e ; 18-22
Variacrectifier . . . . . . . . . . 104
Varomeder o - = v it e A @ W o e OB
Yibration analyzer . . . . . . .+ . 17
Vibmbionmeter” .. . o s s e o4 @ s “1H
Vibrationpickup . . . . . . . « .+ 12
Voltage divider (decade) . . PRI S
Voltage divider (rheostat). . . . . . 3840
Voltmeter, crystal . . . . . . . . . 14
oxide-rectifier . . . , . . . . . 153
vacuum-tube . . . ., . .. 144150
Wave analyzer . . . . . . . . 13,17,130
Wave filter . 101, 138, 140
Waveform-measuring mstrumonts .13, 17, 130, 134
Wavemeters (see Frequency meter, heterodyne)
193-196
Wavemeter, precision . i s oy 104
Wide-range beat-frequency mclllntor T 1 1
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FOREIGN DISTRIBUTORS

AUSTRALIA INDIA
HAYWARD C. PARISH EASTERN ELECTRIC & ENGINEERING CO.
Box 2148 G.P.O. 129 Mahatma Gandhi Road
Sydney, Australia P.O. Box 459
WARBURTON FRANKI, LIMITED Bombay, India
380 Bourke Street
Melbourne, Australia ITALY
ING. S. BELOTTI & CO.
BELGIUM Piazza Trento, 8
A. A. POSTHUMUS Milan (VII), ltaly
Vondellaan 15 & 17
qurn, Holland NEW ZEALAND

Box 2148 G.P.O.

Sydney, Australia

SPEDDING, LIMITED

Cor. Beach Road & Anzac Avenuve
Auckland, C.1, New Zealand

CLAUDE LYONS, LIMITED

76 Old Hall Street

Liverpool, England

CLAUDE LYONS, LIMITED
180-182A Tottenham, Court Road
London W. 1, England

NORWAY
CANADA MASKIN-AKTIESELSKAPET ZETA
CANADIAN MARCONI COMPANY Drummensveien 26
P.O. Box 1690 Oslo 22, Norway

Montreal, Quebec, Canada

SOUTH AFRICA

CHINA BARTLE AND COMPANY
CHINA SCIENTIFIC INSTRUMENT COMPANY Post Office Box 2466
131 Museum Road Johannesburg, South Africa

Shanghai, China

SOUTH AMERICA
AD. AURIEMA, INC.
89 Broad Street
New York 4, New York

CZECHOSLOVAKIA
ELFLOMETA COMPANY, LTD.
Palackeho 42
Praha XVI|, Czechoslovakia

EGYPT SPAIN
THEODORE T. CASDAGLI & CO., LTD. AD. AUR(:Eg\A, INC.
16, Sharia Sheikh Hamza 89 Broad Street
P.O. Box 885 New York 4, New York
Cairo, Egypt
SWEDEN
ERELAND JOHN C. LAGERCRANTZ
K. L. NYMAN Vartavagen 57
9 Meritullinkata Stockholm, Sweden
Helsingfors, Finland
SWITZERLAND
FR‘;&EFOPHON SEYFFER AND COMPANY

Kanzleistrasse 126

50, Rue du Faubourg Poissonniere Zurich, Switzerland

Paris 10, France

HOLLAND TURKEY
A. A, POSTHUMUS ETABLISSEMENT MEHMET VASFI
Vondellaan 15 & 17 Boite Postale Istanbul 143
Baarn, Holland Istanbul, Turkey
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