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GENERAL RADIO COMPANY
Main Office and Factory

WEST CONCORD, MASSACHUSETTS
Telephone: (Concord) EMerson 9-4400
(Boston) ClLearwater 9-8900
Cable Address: GENRADCO, BOSTON

DISTRICT OFFICES

General Radio sales engineering offices are maintained in
the following cities. These offices are staffed by com-
petent factory-trained engineers. We invite your in-
quiries for technical, commercial, and service information.

Office Telephone Staff
NEW YORK (N. Y.) WOrth 4-2722 George G. Ross, Manager
(N. J.) WHitney 3-3140 Leo J. Chamberlain
Broad Avenue at Linden, Ridgefield, N. J. Peter Bishop
Edward F. Sutherland
PHILADELPHIA HAncock 4-7419  Kipling Adams, Manager
1150 York Road, Abington, Pa. John E. Snook
WASHINGTON AND BALTIMORE JUniper 5-1088 C. William Harrison, Manager
8055 13th Street, Silver Spring, Md. John C. Held
Frank J. Finnegan
CHICAGO Village 8-9400 William M. lhde, Manager
6605 West North Avenue, Oak Park, Il Robert E. Bard

L. C. (Tom) Fricke
Robert P. Delzell

SAN FRANCISCO WHitecliff 8-8233 James G. Hussey, Manager
1186 Los Altos Avenue, Los Altos, Calif. Donald M. Vogelaar

LOS ANGELES HOllywood 9-6201 William R. Saylor, Manager
1000 North Seward Street, Los Angeles 38, Calif. Alan O. Abel

Frank J. Thoma
Kenneth J. Castle

CANADA CHerry 4-6221 Arthur Kingsnorth, Manager
- 99 Floral Parkway, Toronto 15, Ontario Richard J. Provan
REPAIR SERVICES
East Coast New York
i General Radio Company General Radio Company

Service Department Service Department

West Concord, Mass. Broad Ave. at Linden

Telephone: (Concord) EMerson 9-4400 Ridgefield, N. J.

(Boston) Clearwater 9-8900 Telephone: (N. Y.) WOrth 4-2722
(N. J.) WHitney 3-3140
Midwest
General Radio Company
Service Department
6605 West North Avenue

Qak Park, lllinois
Telephone: Villauge 8-9400
West Coast Canada
Western Instrument Co. Bayly Engineering, Lid.
826 North Victory Boulevard, Burbank, California First Street, Ajax, Ontario
Telephone: Victoria 9-3013 Telephone: EMpire 8-6866

EXPORT REPRESENTATIVES

For a list of representatives in other countries see inside back cover
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HOW TO ORDER TERMS ETC.

[AMPLIFTERS — SEE DETECTURS ]
BRIDGES AND OTHER IMPEDANCE- ‘

MEASURING INSTRUMENTS
[CAPACITORS — SEE REACTANCE |

ELEMENTS, SLOTTED LINES,
COAXIAL CONNECTORS, ADAPTORS

DETECTORS AND AMPLIFIERS |
[DISTORTION METERS -} SEE WAVE ANALYZERS

FREQUENCY STANDARDS AND METERS
[ STANDARD-SIGNAL |
GENERATORS OSCILLATORS

PULSE AND NOISE
. [INDUCTORS —JSEE REACTANCE
; METERS |va, POWER, MEGOHM, ELECTROMETER

‘ MODULATION AND FREQUENCY
MONITORS FOR RADIO AND TV STATIONS

POWER SUPPLIES

RECORDERS AND DIAL DRIVES
o, vy [RESISTANCE) ™ Vorrie bivoes
o for your coneiene o [REACTANCE ] _"Srananos, DecaDes

finding sections of this catalog

quickly. SOUND AND VIBRATION METERS AND ANALYZERS

Bend the catalog as shown

in the sketch obove. The ar- STRGBDSCOPES

rows point to the red tabson  [SWEFP DRIVES — SEE RECORDERS |

the first page of each section.

Run your thumb across the UNIT INSTRUMENTS »
edge of the pages fo the tab  THF-VAF INSTRUMENTS - SEE COAXIAL

PO g e o iy send [ADJUSTABLE AUTOTRANSFORMERS |

open the catalog to the gen-

eral introduction which starts VARlACR AUTOMATIC VOLTAGE REGULATORS

each section.

A complete INDEX BY TITLE MOTOR SPEED CONTROLS
and an INDEX BY TYPE NUM-

afthwm l;,eI found ot the end | WAVE ANALYZERS
| PARTS AND ACCESSORIES|
CHARTS AND TABLES

INDEX = RV TITIE _ BV TYPE NUMBER
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View of new enlarged General Radio plant in West Concord, Massachusetts,

We Sell Direct . . .

To develop the type of product manufactured by the General Radio Company
requires a large staff of engineers, each a specialist in one or more branches of
electronic engineering and science.

There has always been close contact between our Company and our customers,
many of whom are themselves engineers and scientists. To maintain and to fur-
ther this contact is the responsibility of our staff of field engineers. This group
has the principal function of working directly with the customer for the best
selection of instruments for the job with the minimum expenditure. The advice
of our development engineering staff is available for expert consultation when
the need arises.

Because of the technical nature and diverse uses of our equipment we feel that
a direct method of distribution is the most efficient and useful to the buyer. Con-
sequently, the General Radio Company sells its products directly to the user in
the United States and Canada, with no intermediary distributing organization,
on a net, no discount basis. The buyer is thus assured of receiving the lowest pos-
sible price less all resale discounts and commissions and one that he can imme-
diately find by consulting a current price list. We have always felt that price is
as much a part of specifications as is a technical description.

In major marketing areas of the United States and in Toronto the Company
maintains district sales offices, which are staffed by skilled factory-trained engi-
neers who are in a position to speak directly for the factory, and who are conven-
iently available for consultation on all technical and commercial questions. The
locations of these offices are given in the inside front cover.

In order that customers outside the United States may receive equivalent
technical service, exclusive representatives have been appointed in most coun-
tries abroad, each capable of giving technical and commercial information re-
garding General Radio products. For a list of export representatives, see the
inside back cover of this catalog. In all matters regarding General Radio appa-
ratus, the customer should communicate with the appropriate representative.
Prices listed in the catalog are for domestic use only. Costs in countries abroad,
where import duty, freight, and taxes must be added, may be obtained from the
representatives in those countries.
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THE HALLMARK OF QUALITY

uality is traditional in products that

bear the € label. General Radio in-
struments are quality instruments, built from
quality components to give reliable service
and to maintain accuracy over a long and
useful life.

Some of this Company’s earliest products
were laboratory standards, and General Radio
today still supplies the standards of induct-
ance, capacitance, and frequency that are
basic to the electronics industry. The success-
ful manufacture of standards is predicated on
quality, both in design and in production. This
tradition of quality is evidenced throughout
the GR line. GR instruments are designed and
built to exacting specifications, to be accurate,
rugged, and reliable. Many a laboratory has
GR products built several decades ago which
are still giving accurate and reliable service.

Performance specifications are an important
yardstick for quality. General Radio specifica-
tions are conservative and honest. Each in-
strument is calibrated to tolerances at least
259, tighter than those published. Performance
to these specifications is guaranteed for 2 years.
General Radio is the first, and thus far the

For more than 40 years, General Radio has been

manufacturing standards for the electronics industry

—resistance, capacitance, inductance, and fre-

quency. Above is shown the primary frequency

standard in the General Radio development labora-
tories,

B

only, instrument manufacturer to make this
guarantee,

Although published and guaranteed specifi-
cations attest the accuracy, range and versa-
tility of GR products and indicate the ingenuity
and care which go into their design and devel-
opment, they cannot disclose all the attention
to detail in design and construction which
makes for customer satisfaction and long and
useful service.

DESIGN

General Radio’s aim is to pioneer, not to
copy. New circuits, new components, new de-
signs, new techniques—these form the basis
of new General Radio instruments. General
Radio development engineers bring to instru-
ment design a wide variety of background and
experience in the United States and abroad.
Many of them are internationally recognized
authorities in their particular fields. The ad-
vice of this engineering staff is available to
General Radio customers in the solution of
their measurement problems.

MANUFACTURE

General Radio quality is also evident in de-
tails of construction. Tangible evidence of
these quality details is readily seen in a typi-
cal instrument. The panel and cabinet are of
exceptionally heavy gauge aluminum alloy
(usually 4 to Y4 in.) so that they will not
hum, dent, buckle, rattle or rust. Relay-rack
cabinets readily adapt from drawer-slide rack
mounting to neat looking bench units by the
addition of end frames which provide feet and
handles. Dials have low-reflective backgrounds
with markings carefully proportioned for easy
reading and have concentric lathe-turned
edges. The rugged phenolic knobs with reamed
brass inserts are a widely copied design of
General Radio origin. Binding posts, coaxial
cornectors, handles, panel screws and other
items are of proprietary GR design and were
created to provide instrument components of
instrument grade rather than ordinary com-
mercial grade.

Inside the instrument are precision compo-
nents, air capacitors, potentiometers, and
transformers, developed and manufactured at
General Radio specifically for instrument use.
The special qualities of all these parts are
proved by thefact that they are widely pur-
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chased as individual components by other
manufacturers. Etched ecircuits provide the
utmost reliability when carefully made. Those
used in GR instrumenls are constructed to
instrument-grade standards, have 0.003 inch
copper on phenolic of not less than %, inch
thickness and ecarry miniature sockets, made
exclusively to General Radio specifications,
which provide tube shield and satisfactorily
resilient terminals. Rugged chassis and brackets
are built to withstand military vibration tests
as insurance against shipping and handling
damage. Shielded leads are permanently Ller-
minated with a novel erimped-ferrule construc-
tion.

Cables, which add so much to the appear-
ance of an instrument, are nylon-braided by a
machine especially adapted al GR for the pur-
pose. From the many materials tested, nylon
has proved to be the best material, not only
for its ability to wrap tightly and uniformly
around any diameter, but also for its non-
hygroscopic property.

All these parts and components and all the
design practices characteristic of General
Radio instruments are controlled by a com-
prehensive standards program, which keeps
the number of different pieces, tools and pro-
cedures to an economic minimum, thereby
making possible high quality at moderate
prices. The standards program also includes
constant study and testing to evaluate and to
maintain quality. The manufacture of the
products is earried oul by skilled workmen
aided by the most modern machinery, and
quality i1s further assured by frequent stages
of inspection.

SALES

Supporting and extending the quality thal
runs through General Radio design and man-
ufacturing processes are the policies and op-
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erations of the Sales F‘ngmeermg Departmont
General Radio salesmen are engineering gradu-
ales— General Radio employees, factory trained
and thoroughly familiar with the design, man-
ufacture and use of GR products. They pro-
vide the connecting link between manufacturer
and customer, translating customer needs into
equipment recommendations and instrument
capabilities into customer applications.

“We sell direct” is a long-established Gen-
eral Radio policy. The GR sales engineer is
responsible, not only to his company, but also
to the customer. His job is not only to sell GR
products, but also to be sure that the customer
buys the instrument best suited to his needs.

Through this method of selling, the interests

of both manufacturer and eustomer are hest
served.

SERVICE

Closely allied to Sales are the functions of
the Service Department, which provides the
continuity of contact between manufacturer
and customer after a sale is made. Prompt,
efficient, and satisfactory service when needed
is an important factor in building and main-
Laining the customer's confidence.

PUBLICATIONS

A monthly publication, the General Radio
Experimenter, brings to those interested up-
to-date information on new developments, as
well as technical information of a general
nature. Senl free upon request, the magazine
is distributed each month to more than 100,000
readers located in the United' States and 83
foreign countries.

The General Radio Company zealously guards
its reputation for inlegrity, ability, and quality,
a reputation earned by over 43 years of fine-
instrument manufacture.

Evory G-R Instrument is Built to Lt
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GENERAL MADIO Company
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Two views of Guarantee Tag.
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POWER SUPPLY

Gvnerul Radio a-¢ operated instru-
ments will perform satisfactorily
over their specified ranges of operation and
within their specified accuracy when operated
from power lines whose voltages and fre-
quencies are within the limits stated in the
specifications for the individual instruments
under the heading “Power Supply™.

» VOLTAGE

For most instruments the normal operating
range is 105 to 125 volls. By a change in
power-transformer primary connections, they
can be altered to operate at 210 to 250 volts.
A reversible plate al the power-input plug
specifies the voltage for which the power trans-
former is connected, as well as the line fre-
quency.

When 230- (i.e., 210 to 250) volt operation
is specified in the order, the change in con-
nections and plate is made al the factory.
This change can also be made easily by the
user, and instruetions covering il are included
in the operaling instruction manual that
accompanies the instrument.

When only 115-volt supply (i.e.. 105 to 125
volts) is listed in the specifications, special
models can be supplied for other voltages.
Price and delivery information for voltages
nol listed will be furnished on request.

230 VOLTS
® ® ® [C)

Views of reversible power-input voltage plate.

» VOLTAGE REGULATOR

Although tube plate voltages are regulated
in many General Radio instruments, best and
most stable performance is obtained when inpul
line voltage is constant. When line voltage
fluctuates (or is outside the specified operal-
ing range of the instrument), the use of a
line-voltage regulator is recommended. The
Tyre 1570 Automatic Voltage Regulators de-
seribed on page 216 are excellent regulators for
this service. Models are available for wall
mounting, relay rack, or bench use. They
handle any load up to 6 KVA, do not introduce
waveform distortion, and are unafiected by
load power factor.

vi

File Courtesy of GRWiki.org

= VARIAC*® AUTOTRANSFORMER

Where only an oceasional correction of line
voltageis needed, manual adjustment by means
of a Variac Adjustable Autotransformer is
usually satisfactory. Available in ratings from
360-volt amperes to 7 KVA, these versatile
transformers are described on pages 203-215.

» GROUNDED (THREE-WIRE) POWER CORDS

Tyee 109-A Power Input Plug.

As stated in the individual
specifications, the power inpul
plugs on most General Radio
instruments (excepl those with
permanently attached power
cords) will accept either three-
wire (Tyre CAP-15) or two-
wire (Tyepe CAP-35) power
cords. The two-wire cord is
supplied with the instrument:
the three-wire cord is avail-
able as a separate item (see
page 237) and should be so
ordered.

Two-and three-

wire cords con-

nected to input
plug.

» FREQUENCY

For most instruments, normal operating
range is 50 to 60 cycles. In a few instruments
the power supply will operate at frequencies
as low as 40 cycles, as noted in the specifica-
tions. Special power supplies for 40 cyeles '
and 25 cycles can be furnished in mosl insteu-
ments. Price and delivery will be quoted on 4
requeslt.

The majority of General Radio a-¢ operated
instruments will operate salisfactorily al 400
eveles. As one would expect, regulation is
often not so good as at lower frequencies, bul
instrument performance, in general, is nol
seriously impaired. Wherever high-frequency
operation is recommended, the performance of
cach instrument, with any limiting conditions,
is detailed in the individual specifications.

= BATTERY OPERATION ‘

Portable instruments, such as sound-level
melers, are normally operated from batleries.
For these, a-¢ power packs are also available,
as listed, each designed to replace a standard
block battery.



TERMINALS AND CONNEGTORS

erminals and conneclors used on General

Radio instruments are, in most cases, of
General Radio design and manufacture. Con-
nectors of other manufacturers are used for
specialized purposes, as, for instance, on broad-
cast, acoustic, and military equipment: and for
plug-in power-supply connections.

» BINDING POSTS

Binding  posts  are
General Radio Tyre 938,
deseribed on pages 238
to 239, These high-qual-
ity terminals were de-
signed for use on General
Radio instruments, where
low dissipation factor,
low capacitance, and
minimum leakage are
prime requirements. You
will also find these bind-
ing posts on the products
of many other manufac-
turers of quality equip-
ment, to whom desirable
electrical characleristics
are important.

Spacing for a pair is
34" on centers, a stand-
ard established by Gen-
eral Radio some 35 years
ago and now almost uni-
versally used. This spac-
ing fits the GR Type 274-MB Double Plug,
whose banana-plug terminals fit into the jack
tops of Tyre 938 Binding Posts.

1!

= BANAMNA PLUGS AND JACKS

The widely used banana plug
was first introduced in this country
by General Radio in 1924. General
Radio Tyee 274 Plugs and Jacks
are designed for positive and
reliable electrical contact and for
mechanical stability; they are con-
structed of materials selected to
L7 assure these qualities. Tyre 274-

MB Double Plugs, which consist
of two banana plugs set in
molded styrene, are supplied
with many General Radio in-
struments for facilitating in-
put and output connections.

They are available separately,

however, (see page 236) and will

be found in educational, govern-

: ment, and industrial labora-

IJ tories all over the world. As-

sembled on shielded cable (page

237) for use as patch cords, their usefulness
is still further enhanced.
Single insulated plugs
are also available and
have many applications
in patching connections.

= COAXIAL CONNECTORS

For coaxial input and output connections,
the Typr 874 Coaxial Connector is used. This
connector is another outstanding General Radio
development, with features that make it par-
ticularly desirable for instrument use. It is
a universal type, with no separate male and fe-
male models. Every connector plugs smoothly
into every other. Good contact, low losses,
and low-standing wave ratio are its electrical
features. The center conductor will accept a
Typr 274 Plug.

Cut-away view of two Tyee 874 Connectors joined
together.

The Tyre 874 Coaxial Connector is also a
common denominator for all other types.
Adaptors to all AN types, as well as many
others, make possible easy and simple connec-
tions to nearly all coaxial systems. These
adaptors have very low standing-wave ratios,
and two of them can be used to connect between
two different AN systems, with the assurance
that the introduced reflection loss will be very
low.

Connection from a BNC Plug to a € Jack made
possible by using two Tyre 874 Adaptors.

These connectors are available for rigid-line,
cable, and panel installation. A locking clip
makes possible rigid installations. Connectors,
as well as a full line of coaxial elements, are
described on pages 41 to 58.

T e e T e e e, ——T )
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SUGGESTIONS FOR ORDERING

ORDER BY TYPE NUMBER

Always order by catalog type number, and,
whenever possible, mention name of ilem,
ranges, or other significant specifications as
protection against misunderstanding.

Be sure to include orders for any accessories
desired or for calibrations which must be made
before shipment. When minor modifications
are desired to adapt the equipment to the cus-
tomer's purposes, our Sales Engineering De-
partment will be glad to discuss the details.

For Exrort OrpeRs please state the desired
line-voltage and frequency. For example: 230
volts/50 ¢; 115 volts/50 c.

TELEGRAPH AND CABLE ORDERS

We have direct telegraph printer connec-
tions with Western Union for the prompt han-
dling of messages.

Use the code words accompanying each
catalog description. Our cable address is
GENRADCO BOSTON,

ADDRESS

All communications, except when otherwise
advised, should be sent to General Radio Com-
pany, West Concord, Massachusetts, to one of
our district offices (see inside front cover),
or Lo the appropriale exporl representalive.

PACKING

There is no charge for our domestic pack-
ing or regular export packing and no charge for
shipping containers or cases. Cases are nol
returnable.

SHIPPING INSTRUCTIONS

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

Export Shipments via air-freight under 35
pounds are advantageous in many cases. They
save transport costs and time. For example:
the estimated charges, factory to Milan, Italy
for the Type 1551-B Sound-Level Meter (Ship-
ping weight, 15 pounds by air, 26 pounds by
ocean freight) are $24.35 for air-freight and
$46.00 for ocean carrier via New York. Air
shipping weight is approximately 50 percent
more than the net weight.

TERMS

All prices are F.0.B. West Concord, Massa-
chusetts.

CONDITIONS OF SALE
Determination of prices, terms and condi-

2 POVNDS 5 POUNDS 25 POUNDS 0 POUNDS
Trick or Truck or
chir cir Rail Rl
Air Air Parcel | Railway] Air dir Pareel | Railway] Air Air | Freight |Roilway] Air Air | Fregght |Railoay
oy Freight | Express | Post | Exzpress| Freight| Express| Poxt | Expresa|Freight | Expeess| Forwarder| Express|Freight| Express| Forwarden) Ezpreas
BUFFALO. .. .| 8845 #5.72 K115 $2.24 | BEAG| K5TE B05 .45 | R8.45| K712 847 RIH6 | BN 45 H0.08 847 $4.02
CLEVELAND | 10.25 592 115 227 1085 532 2,66 5% | 10.256 4.7 07 421 | 10.25] 11,04 407 b4
DETROIT. ... .| 10,40 5.7 1.5 20| 1040 572 2,65 2A8 | 0] B2 S AT | 10A0) 116 53 680
CHICAGO | 1L60 572 .26 281 | 1160 572 204 265 | 1Len) 1102 572 4821 L1L60) 1548 8.7 44
S0 S 1245 5.7 1.50 284 | 12456 575 391 LT0 | 1245] 1102 020 S04 | 145 1670 620 0.0
TL 1245 5.7¢ h.2a0 227 | 1248 572 .0% 2452 | 1235] 12 4.80 51 | 12.45] 1548 &850 000
15,70 5,72 AT L34 | 1570 5] 1.6% 270 1 1A70] 163e n.ae 574 | 1570] 2444 Ha2 BN
1550 5.7 147 294 | 1570 LA} 363 230 1m0 T H.24 507 | 16.70] 2444 B34 7401
21 B85 578 Lo 285 | 2185 7400 o0 SO0 | 21.85] 2897 1114 TA43 | 2185 S4.08 1. 174
FAR 5.73 1.6 281 285|700 00 00 | 21.85) 23987 114 T87 | 2184 8408 104 1066
75 POUNDS 1o POTNDS 20 POUNDS W POUNDS
Truck or Truck or Treuck or Truck or
Rl Hail Rad il
Air Air Freight |Railway| Air Adir Freight  (Railioay| Adr dir | Freght [Holway Air Air Freight !
oITYy Freight | Express| Forwarder| Ezpress| Freipht| Expreas| Furwarder| Express |[Freight| Express| Forwarder|E spress| Freight | Express| Fo der| Ezpres
BUFFALO. .. . .| 81075 | 15,60 BT 8741 | 310,75 | #10.97 AT BT | 810,55 $95.04 #7042 | 815,54 | 850,44 | 807,88
CLEVELAND . 1275 18.489 bO7 B | tens| 2987 07 10,56 | 20.05] M7 kAL 2110 | S08| D348
DETROIT 15156 1HA8 5.2% 020 | 1887 W7 422 1157 | 22.84] 46.74 LR 2504 | 4976 D848
CHICAGO 1486 | 2560 5.9¢ 1024 | 16,40 4207 6,72 | 1204 | 27501 65.04 D00 | 2588 | 53,08 19188
ST. LOUTS 16,200 | 25,00 e 120 | 1806 8607 6,20 1481 | 81.05] 7284 10,08 2W.62 | SDBE| 14408
NTA 16,20 <2500 .80 091 16.05] 8267 480 | 1282 W8] 06504 10.78 2004 | 55.48] 18188
ON 2120 | 4248 Haoe 1944 | 2000 ] 5587 B.62 17.26 | 43.50] 110.74 14.20 $4.00 | 85.28] 221,48
21,20 | 249 B.28 1310 | 2516 5587 B.25 1007 | 45.02] 11074 13,80 G304 | 80,12 22148
056 | 610 1L 1845 | 3300 HOLO7 L4 2000 | GLIS] TR1M 2998 AE,00 | 120,08 52558
85 | uLn (AR} INSL | 9746 ] H0.97 114 LTS | G06T] 100 .28 §7.50/) 157.72] 325.88
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tions of sale, and final acceptance of orders are
made only at our factory, West Concord,
Massachusetts.

Domestic Terms: Net 30 days if credit has
been arranged: otherwise unless payment is
received before shipment, shipment will be
made C.0.D.

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

Export Terms: Full payment in advance of
shipment or by sight-draft against irrevocable
letter of credit at New York or Boston bank.

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.

NO TRADE OR EDUCATIONAL DISCOUNTS

Our prices are established on a direct-to-
customer basis, which permits no special dis-
counts. By the elimination of distribution or
resale discounts, all users pay the lowest pos-
sible prices.

QUANTITY DISCOUNTS

When 10 or more identical parts (not in-
struments) are ordered al the same time for
single shipment to a single destination in the
continental United States (nol including
Alaska and the Canal Zone) and Canada, the
following quantity discounts are allowed ex-
cept as noted otherwise:

IV i cavavs sl s 5 percent
RUARBG & 2 pond 4 o 3 10 percent
100 opanore - <. w s v s 15 percent

Questions regarding the applicability of
quantity discounts to any item in this catalog
will be answered promptly by our Sales
Sngineering or Commercial Departments.

SPECIFICATION CHANGES
We reserve the right lo discontinue any

item without notice and to change specifica-
tions al any time without incurring any obli-
gation to incorporate new features in instru-
ments or parts previously sold.

WARRANTY

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

REPAIR PARTS

When ordering repair parts, be sure to de-
scribe completely the parts required, also
refer to the symbol numbers and description
from the parts list, and give the type number
and serial number from the panel of the in-
strument.

RETURNED MATERIAL

Repair service is available from the factory,
West Concord, Mass., or from the Repair Sery-
ices listed on the inside front cover of this
atalog.

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

DOMESTIC SALES AGENCIES

Because of our direct-sales policy no gen-
eral sales agencies are appointed. Complete
stocks are carried only at the factory ware-
house. Partial stocks are maintained at all of
our district offices (see inside front cover).

EXPORT REPRESENTATIVES

Export sales are handled by residenl repre-
sentativesin most overseas countries. Complete
technical and commercial information is avail-
able from these representatives, at the ad-
dresses listed on the inside back cover of the
catalog,
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VISIT OUR LABORATORIES AND FACTORY

We cordially invite you to visit our engi-
neering laboratories and factory.

Hours ror VisiTors: 10:00 A.m. to 4:00 p.m.
every day except Saturdays, Sundays, and
legal holidays in Massachusetts.

GENERAL RADIO CO.
o7
N\ BAKER AVE. //

Our plant is located in West Concord at
22 Baker Avenue. This is a short distance
from the intersection of State Routes 2 and
62, and the accompanying map gives details
of this area.

€2

TO CAMBRIDGE
AND BOSTON

RovT

PATENTS

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

“Certain vacuum-tube amplifier devices. electrie
wave filters, vacuum-lube oscillators, and sound-level
meters are licensed by Western Electric Company, Inc.,
under all United States Letters Patent owned or con-
trolled by American Telephone and Telegraph Company,
or Western Electric Company, Inc., and any or all other
United States patents with respect to which Western
Electric Company, Inc., has the right to grant a license,
solely for utilization in research, investigation, measure-
menl, testing, instruction, and development work in pure
and upplled science, including engineering and industrial
ﬁ:-ldx

“This apparatus uses inventions of United States
Pnlenls licensed by Radio Corporation of America.
Patent numbers supplied upon request. Licensed only for

X

use in measuring or lesting electronic devices, electron
tube circuits, parts of such devices and I.'Il’t‘lllls. and
elements for use in such devices and cirenits.'

3. Patent D 161,080,

4. Patent 2,548,457,

5. Patent 2,802,907,

6. Licensed under designs, patents and patent appli-
cations of Edgerton, Germeshausen and Grier.

7. Patent 2,204,041,

8. Patent Applied For.

9. Patenl Re 24,204.

10. Patent 2,367,681,

11. Patent 2,374,248.

12. Patent 2,376,894,

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

14. Patent 2,763,733,

15. Palent 2,298,177,

16. Patent 2,862,503,

17. Patent 2,354,718.

18. Patent 2,581,183.

19. Patent 2,872,639,
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IMPEDANCE-MEASURING

INSTRUMENTS

For the measurement of all types of impedance, re-
sistive or reactive, inductive or ecapacitive, at frequencies
well up into the uhf band, null methods have proved
to be the most acceptable on grounds of both precision
and convenience. Most of the null methods used from de
to radio frequencies of the order of 100 megacycles are
adaptations of the fundamental Wheatstone bridge circuit,
although other types of networks which can be adjusted
lo give zero transmission are sometimes used. Other
systems, such as resonant circuits, using deflection-type
instruments also have advantages for certain applications.

At very-high and ultra-high frequencies, where imped-
ances can no longer be treated as lumped elements,
coaxial lines are more suitable than bridge eircuils made
up of lumped elements, and null-Lype instruments employ-
ing these techniques have been developed in the General
Radio laboratories. Impedance can also be determined at
these frequencies from a measurement of the standing-
wave ratio that the unknown element introduces into
a smooth transmission line. Slotted lines for this meas-
uremen! are described in the coaxial equipment section.

DIRECT-CURRENT BRIDGES

The so-called Wheatstone bridge, Figure 1, has been
used for over a century for the measurement of direct-
currenl resistance and is still considered the funda-
mental ¢ircuit for the purpose. It measures an unknown
resistance in terms of calibrated standards of resistance
from the relationship

B M)
Ry Ry

which is satished when the voltage across the detector
terminals is zero.

The General Radio Company manufactures three d-¢ Wheatstone bridges :

Range of
Type Name Measurement Aeveuracy Remarks See Page
1650-A | Impedance Bridge 1 mQto 1 MQ +=19, %= 1 mQ Also measures ac R, L, C 24
1652-A | Resistance Limit 1Qto1 M 0.5%, as limit bridge Equally useful as produc- 6
| Bridge 0.259 by null method tion or laboratory bridge
544-8 Megohm Bridge 0.1 MQ to 1 MMQ 39, up to 1000 M Excellent  for  measuring 8
resistors and insulation re-
sistance

ALTERNATING-CURRENT BRIDGES

The basic cireuit of Figure 1 is also applicable to
alternating-current measurements. With impedances sub-
stituted for resistances, two conditions of balance must
be satisfied, one for the resistive componenl and one for
the reactive component. The equations of balance can be
written in either of the following forms:

Ry+jXy=Z2,2,Y, ()
Gy+iBy = Y, Y, 2, (3)

~ Equation (2) expressed the unknown in terms of its
impedance components, while Equation (3) expresses the
unknown in terms of its admittance components. To sat-

isfy these equations, at least one of the three arms A, P,
or B must be complex.

The reactance Xy can be measured in terms of a simi-
lar reactance in an adjacent arm or an unlike reactance
in the opposite arm, as indicated in Figure 2.

Resistive Balance
Figure 8 shows the four basic methods in common use
for balancing the loss component of the unknown imped-
ance. These are (1) resistance in series with the stand-
ard reactance, (2) resistance in parallel with the standard
reactance, (3) capacitance in parallel with a resistive
arm, and (4) capacitance in series with a resistive arm.

OGENC

(Left) Ficure 1. The
general Wheatstone
bridge circuit.
(Right) %‘u;unr. 2. Cir-
cuits for capacitance
bridges in which like
reactances, Cy and
Cp, or unlike react-
ances, L, and Cp, are
compared.

Ra

Ry

—O0 GEN.©

OGEN. O

On Ce
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BRIDGES

7

Dissipation Factor and Storage Factor

An important characteristic of an inductor or a ca-
pacitor is the ratio of resistance to reactance or of
conductance to susceptance. This ratio is termed dis-
sipation factor, I, and its reciprocal is storage factor, Q.
These ratios are defined in Figure 4 in terms of phase
angle 6 and loss angle 5. Dissipation factor is directly
pru?]ortionnl to the energy dissipated, and storage factor
to the energy stored, per cycle. Power factor is defined as

P.F. = cosfl = sin §

and differs from dissipation factor by less than 19, when
their values are less than 0.1.

D= cd&-%- %-?‘)—-ms

|
: Power Factor =
} cosé= 7

X oDl
Q= ton &= -l cot.§
Ficure 4, Vector diagram showing the relations be-
tween factors D and Q. and angles 0 and 4.

In Figure 4, R & X are the series resistance and reacl-
ance, and G and B are the parallel conductance and sus-
ce%tance of the impedance or admittance involved.

issipation factor, which varies directly with the loss,
is commonly used for capacitors and, to a lesser extent,
for inductors. Its reciprocal, storage factor, @, is more
often used for inductors, because it is a measure of the
voltage step-up in a tuned circuit.

The circuit can often be arranged so that the bridge con-
trol for the resistive balance can be calibrated in dissipa-
tion factor or in storage factor. for a given frequency.

Series and Parallel Components

Every impedance can be expressed in Lerms of either
series or parallel components. The choice is a matter of
convenience for the problem at hand. One cannot tell
from a single measurement whether a combination of a
resistive and a reactive element are actually in parallel
or in series, and, regardless of the physical configuration,
the resistive and reactive components can be measured
as, and expressed as, (1) series impedance components,
(2) parallel impedance components, or (3) admittance
components.

Rs

iXs

!

Ficure5. Seriesand parallel components of impedance.

2

GEN.

Ficure 3. Four basic
R methods of obtaining
3 resistance balance.

LR
The relation between these various systems (see Fig-
ure 5) are:

R+ X2
Rpmlu 2 T8 p (14Q%
G, R,
2 " 1
) P . . = X, (14 D7)
T
So that

1 Q*
L,.SLS + iLg=Lp -
Q* 1+Q°
Where
5o s e, oot B X G
Ry, X, G, Q X; R, B,

It should be noted that only for values of @ below 10 (or
D >.1) does the difference between series and parallel
reactance exceed 19, For very low @'y, however, the dif-
ference is marked: when @ = 1, the parallel reactance is
twice the series reactance. It is obvious that if there were
no losses in the reactive elements, (i.e., @ = =) series and
parallel reactance would be equal.

Whether a bridge measures series or parallel compo-
nents depends upon its own configuration of elements.
Measurements with the bridge shown in Figure 3b, for
example, will yield parallel values for the unknown.
Similarly the bridge of Figure 8a will give series values.

Substitution Methods

Substitution methods of measurement, as contrasted
to the direct method deseribed, can be used to advantage
with all ac bridges. In this method the unknown is meas-
ured in terms of the difference between two settings of a
calibrated resistance or reactance. In the measurement of
capacitance by a parallel substitution method, for in-
stance, as shown in Figure 6, the unknown capacitance is
connected in parallel with an adjustable calibrated ca-
pacitor in either the N- or P-arm of the previously bal-
anced bridge, and the calibrated element is readjusted
until the bridge is again in balance.

Increased accuracy in the capacitance measuremenl re-
sults from the fact that the measurement is solely in
terms of the difference between two settings of a cali-
brated precision capacitor, the bridge circuit function-
ing only as an indicator of identical balance conditions.
Tge bridge circuit does, however, enter into the deter-
mination of dissipation factor.

The series substitution method of Fi 7 is used to
n;lnke resistance and reactance dials ﬂirect reading in
ohms.

- File Courtesy of GRWiki.org
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BRIDGES

TRANSFORMER BRIDGES

Transformer windings, which can provide extremely
precise voltage ratios, will perform the same function as
ratio arms in conventional bridge circuits. They have the
further advantage of very low impedance to ground,
which greatly lessens the effects of stray shunt imped-
ances, and, in the Type 1613-A Capacitance Bridge,
obviates the need for a guard circuit when 3-terminal
capacitors are measured. Transformers are used in both
the Tyre 1605-A Impedance Comparator and the Typg
1618-A Capacitance Bridge.

LIMIT BRIDGES AND COMPARATORS
In limit testing the unbalance voltage of the bridge
is used to actuate meters that indicate the degree of
deviation of one impedance from another. This method

G=Goi Csz
Cs,
Dx=a[Dz- D| )

Cl x"‘ ll—l(cl Cp')

(Left) Ficure 6. Parallel substitution mclhod of
measurement. (Right) Ficure 7. Circnit for series
substitution method.

is used in the Type 1652-A Resistance Limit Bridge and
the Tyre 1605-A Impedance Comparator. External equip-
menl can be connected for automatic sorting.

A-C BRIDGES
‘ Nominal See
Type Name Measures Accuracy | Frequency Remarks Page
Power-Frequency Bridges
1611-B | Capacitance | C  0to 11,000 uf | =19, 60, 120 ¢ For testing insulators, bushings, capaci-
Test Bridge | D 0 to 609, =207, (tors, cables, and polarized electrolytic | 18
capacitors. Measures grounded capacitors,
740-8 Capacitance | C 5puf to 1100uf | =19, Measures ungrounded capacitors. 17
Test Bridge | D 0 to 509, = 1.5%,
Audio-Frequency Bridges
1650-A | Impedance | R 1m@to 1 M@ %19, de, 1 ke | Completely self-contained, general pur
Bridge C lppf to 1000uf | =19, laboratory and pmdu(‘lmn ridge. Be 24
L 1uh to 1000 h =%, in every Iaboraton' and electronic pinnl
Also D and Q
1603-A | Z-Y Bridge | RX 0-1000Q =19, 20 c-20ke | Will balance for any impedance from 0 lo =
G.B  0-1000 gmho | =19, | Ideal for measuring audio-frequency trans- | 28
ducers,
716-C Capacitance | C 100puf to 1uf =0.19, 1 ke Direct Reading
Bridge C 100 to 1000uuf | =0.19 0.1 to 100 ke | Direct Reading 10
C 0.1to 1000uaf |=0.29, | 0.1 to 100 ke | Substitution Method
D 0.00002 to 0.56 | =29, 0.1 to 100 ke
1613-A | Capacitance | C Suuf to 0.011uf | =0.19 400 ¢ Measures 8-terminal capacitors. 20
Bridge D 0ton.11 =207
1632-A | Inductance | L 0.001xh to 1111h| =019, 1 ke Measures both series and parallel induct- | 22
Bridge G 0.0lgmho to =19, ance.
1111mho
1605-A | Impedance | AZ =0.019 to =0.019, | 0.1,1, 10, Direct indication on meters, no balancing.
Comparator | =109, 100 ke Guard cireuit included. 26
AB =0.001 Lo
= (.1 radian
Radio-Frequency Bridges
716-CS1| Capacitance | C 0.1-1100uuf =019 | 06103 Me | High-Frequeney model of Tyee 716-C. 12
Bridge D 0.00002 to 0.56 | =297, ‘
916-AL | Radio X =11L0000Q =207 50 ke to 5 Me | Use for measuring antennas, lines, compo-
Frequency | at 100 ke nents, 32
Bridge
R 0to 10000 = 1%
1606-A | Radio X =50008 at =Q07 0.4 to 60 Me | Use for measuring antennas, lines, compo-
Frequency 1 Me nenls, 30
Bridge
R 0to 10009 %19,
1601-A | VHI Bridge | X =2000 at =597, 10 to 165 Me| For measurements on both lumped and
100 Me coaxial eircnits. 33
R 0102000 =907,
For o more complete discussion of bridge eirenits see “Tmpedance Bridges Assembled from Laboratory Pacte, by lvan G. Bustan. Copy free on request,
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BRIDGES

(Left) Ficune 8, General
bridge network with guard
cirenit, and unknown
three-terminal impedance,
(Right) Ficure 9, Elemen-
tary schematic eircuit dia-
gram of the Tyee T716-P4
Guard Circuit connected to
the Tyee T16-C Capacitance
Bridge showing the un-
known capacitance and its
terminal impedances.

Guard Circuit

Whenever the impedance Lo be measured is located at
an appreciable distance from the bridge, or when it has
appreciable capacitance from its terminals to ground,
a guard circuil may be used to eliminate the effects of
the unwanted residual impedances. Figure 8 is a sche-
matic of a generalized bridge network with guard cir-
cuit. It ean be shown that the network is in balance if
either of the following conditions are met:

A B F 4 N 8
N P H B P T

Obviously these conditions include the ordinary equa-
tion of balance of the four-arm network A-B-N-P.

Figure 9 shows the schematic diagram of the Tyrr
716-P4 Guard Circuit, designed specifically for use with
the 716-C Capacitance Bridge. In this eircuit the guard
point is brought to ground potential, as is the detector
terminal. This particular type of guard circuit has been

frequently referred to in literature as a Wagner Ground.
Since the high lead is shielded, capacitance between the
leads does not enter the measurement. Capacitance from
high lead to shield becomes part of the impedance T.
Impedance H is supplied by the capacitance of the low
terminal of the unknown to its shield.

The use of the guard circuit permits the accurate
measurement of the direct capacitance and dissipation
factor between two terminals of a three-terminal network.
One of the most important applications of such a meas-
uremenl arises in the determination of the properties of
dielectric materials. A guard electrode, which forms,
with the two measuring electrodes, a three-terminal sys-
tem, is often employed in such determinations to elimi-
nate effects of variable lead parameters as temperature
or other conditions are changed. A guard circuit, Tyre
716-P4, is available for use with the Type 716-C Capaci-
tance Bridge, and guard ' rminals are provided on the
Tyre 544-B Megohm Bridge and the Tyre 1605-A Imped-
ance Comparator,

COAXIAL LINE INSTRUMENTS

Nominal See
Type Name Measures Accuracy Frequency Remarks Page
1602-B | Admitlance B, G 0.1 to 1000 mmhos | =39, |20 to 1500 Me For measurements on | 34
Meter X, R 1 to 10,000 ohms coaxial lines, antennas,
nelworks, components
1607-A | Transfer Function Zsy 0to 1500 ohms =2 507, 125 to 1500 Me Measures four-termi- | 36
and Immiltance Y, 0 to 600 mmhos nal transfer functions
Bridge Vo/V, 0 to 30 of tubes, transistors
L,/1, 0 to 80 and networks; also 2-
B, G 0 to 400 mmhos terminal functions.
X, R0 to 1000 ohms
874-1BA | Sloited Line VEWR 3% or | 300 to 5000 Me | Standard instrument | 43
better for ubf impedance
ineasurement
874-lM | Dielectric K =207, | 200 to 5000 Me | Cylindrical Samples 46
Measuring Line D *5%
The Admittance Meter comes zero, so that a null balance is produced. Scales

The upper-frequency limit of conventional bridge cir-
cuils using lumped-parameter elements is determined by
the magnitude of the residual impedances of the elements
and leads. In general, the corrections for these become
unmanageable at frequencies higher than a few hundred
megacycles, and circuits based on coaxial-line techniques
are more satisfactory.

The Type 1602-B UHF Admittance Meter (see page 34)
is a null device based on these techniques. Through ad-
justable loops, it samples the currents Aowing in three
coaxial lines fed from a common source at a common junec-
tion point and terminated, respectively, in the unknown
element, a standard conductance, and a standard suscept-
ance. The outputs of the loops are combined, and when
the loops are properly oriented, the combined output be-

4

associated with the three loops give the value of the
unknown directly.

The Transfer Function and Immittance Bridge

Like the Admittance Meter, the Transfer Function and
Immittance Bridge is a null instrument using coaxial
lines and adjustable coupling loops. A schematic is shown
on page 37. It can measure 4-terminal functions, such as
forward and reverse transconductance and transsuscept-
ance, transimpedance, input-output ratios of voltage and
current, and output-input ratios, as well as the 2-terminal
functions of admittance and impedance.

This instrument is particularly useful for evaluating
the transfer functions of vacuum tubes and transistors
in the vhf and uhf ranges.
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BRIDGES

The Slotted Line
One of the basic methods of determining impedance of
a coaxial device is the measurement of the standing-wave
ratio it introduces into a smooth line. The measurement
is made by means of a coaxial line in whose euter conductor
is a longitudinal slol, An electrostatic probe enters the line
through this slot and can be moved along the line to

sample the electric field between the inner and outer con-
ductors. From the voltage maximum and minimum, and
their location with respect to the unknown, the imped-
ance can be caleulated.

The Tyre 874-LBA Slotted Line for General impedance
measurement and the Type 874-LM Dielectric Measuring
Line are described in the Coaxial Section, pages 41 to 58.

DETECTORS

(See also the discussion of detectors on page 60),

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

The desirable characteristies of a bridge detector are:

(1) High sensilivity, preferably the ability to detect a
few microvolts.

(2) High selectivity, to reject harmonics, noise, or other
interfering signals. This 15 particularly important in
measuring iron-cored coils and other non-linear elements,

(8) Quasi-logarithmie response, to obviate the necessity
of gain adjustments during the balancing procedure.
These requirements are best met by some combination of
amplifier, flter, and null indicator. At audio frequencies,
an amplifier, with either fixed or tunable filters, and either
a meter or earphones, is satisfactory. (Type 1231-BRFA)
With visual indicators, such a system can also be used at
frequencies up to several megaeycles (Tyre 1212-A).

‘rom a few hundred kilocycles to some 40 megacycles,
well-shielded radio receivers make excellent delectors,
while at very-high and ultra-high frequencies the pre-
ferred system is a heterodyning oscillator, mixer, and
fixed-frequency 1-f amplifier (Tyee DNT).

GENERATORS

The important considerations in the selection of a power
source for ac bridge measurements are good frequency
stability, adequate power output, and low harmonic
content. For those General Radio bridges thal require
external generators, a wide choice is available.

For single-frequency measurements at 400 or 1000

eycles, the Typre 1214-A and Type 723-C Oscillators are
satisfactory. For a wide range of low frequencies, the
Tyres 1304-B, 1210-C, and 1802-A are recommended.
At low and medium frequencies the Type 1330-A Bridge
Oscillator, and at frequencies above 0.5 Me, and up to
2000 Me, the various huil Oscillators are recommencded.

CONNECTIONS-SHIELDING

Adequale ground connection and shielded generator and
detector leads are necessary precautions in any bridge
measurements, hul are particularly important at high
frequencies. Al audio and low-radio frequencies, elec-
trostatic shielding of the leads is usually all that is

necessary; above a few megacycles, coaxial leads must be
used, and these must be securely grounded to the detector,
generator, and bridge shields to provide a completely
shielded system, and to eliminate common impedances be-
tween generator and detector.

SPECIALIZED MEASUREMENTS

Vacuum Tubes and Transistors

No single device will measure all the desired charac-
teristics of tubes and transistors, nor will it measure
any one property at all frequencies. The fundamental
vacuum tube parameters—plate resistance, amplification
coefficient, and transconductance— are measured easily
and accurately at low frequencies by the Typr 1661-A
Vacunm-Tube Bridge. Of transistors, it will measure the
short-circuit conductance parameter, including the h;
hybrid parameter, and the forward and reverse voltage
ratios, including the A, hybrid parameter. The hy a,
and g factors as well as other open-circuit parameters
can be caleuluted from these measurements.

Al very-high and ultra-high frequencies the Tyee

Dielectric Measurements

For the measurement of the dielectric constant and
dissipation factor of insulating materials, the Tyeg 716-C
Capacitance Bridge is recommended at low frequencies
(up to 100 ke), the Tyre 716-CS1 up to 5 Me, and the
Tyre 874-LM Dielectric Measuring Line at very-high and
ultra-high  frequencies. With  the  bridges, the Tyee
1690-A Dielectric Sample Holder is useful in 2-terminal
measurements. The Tyre 716-P4 Guard Circuit can be
used with the Tyre 716-C Capacitance Bridge when the

1607-A  Transfer Function and Immittance Bridge
measures important parameters of both tubes and tran-
sistors. For transistors, these include short-cireuit current
gain, open-cireuit voltage-feedback factor, hybrid input
impedance and hybrid output admittance. For tubes, they
include open-circuit voltage gain, transadmittance, feed-
hack admittance, und inpul and output admittance. These
lnst two quantities can be measured at low frequencies
by the Type 1603-A Z-Y Bridge.

Type | Name | See Page

1661-A Vacuum-Tube Bridge 39
1607-A Transfer Function and

Immittance Bridge a6
1603-A | Z-Y Bridge 28

sample is in a conditioning chamber, or, allernatively,
the Type 1605-A Tmpedance comparator, with its built-
in guard, ean be used for Lhe measurement.

Type | Name | See Page

716-C Capacitance Bridge 10
716-CS1 Capacitance Bridge 12
874-LM Dielectric Measuring Line 40
1605-A Impedance Comparator AW
1690-A Dielectric Sample Holder 16

File Courtesy of GRWiki.org



BRIDGES

e MTERMAL BTAMDASD

IsamTer

BET TO 2 YOUT
-

AL

OVERLOAD
L1

WETER
ENITON  UmKwEwN

‘.‘O O
®

TYPE 1652-A RESISTANCE LIMIT BRIDGE

A LIMIT BRIDGE FOR RAPID TESTING

A WHEATSTONE BRIDGE

USES: The Resistance Limit Bridge is intended
primarily for the production testing of resis-
tors. It can be used —

» To indicate percentage deviation from an
internal standard.

» To match pairs of resistors.

» To compare resistors to a standard sample.
» To measure resistance precisely by the null
method.

For manufacturers and users of resistors, this
bridge offers an accurate and rapid means of
separating resistors into tolerance classifica-
tions and for selecting resistors to close toler-
ances. The manufacturer of electronic equipment
can use it to advantage in matching pairs of
resistors for operation in balanced circuits.

Its accuracy is adequate for all but the most
exacting requirements in the laboratory, and
its ability to measure resistors as large as one
megohm without the inconvenience of adding
booster batteries makes it much more conven-
ient than the ordinary decade bridge.

The bridge can also be adapted for use as
the control unit in automalic sorting or in-
specting. A relay, in conjunction with external
amplification, can be substituted for the in-
dicating meter, to actuate various types of
selection mechanisms. By adjustment of the
sensitivity of the relay, end points can be es-

6

FOR THE LABORATORY

tablished to deiermiue tolerances such as

=50, =109, and =209,

DESCRIPTION: The Tyre 1652-A Resistance
Limit Bridge uses the conventional equal-arm
Wheatstone bridge circuit. The bridge is sup-
plied from a constant-voltage de source, and
its indicating meter is calibrated in percentage
difference between the unknown and the stand-
ard over a range of =209.

A built-in standard consisting of seven
Typr 510 Decade Resistors is adjustable from
one ohm to 1,111,111 ohms in 0.1-ohm steps.

M easurements are made simply; the stand-
ard is set to the nominal value of the resistor
under test, and the percentage difference is in-
dicated on the meter. This test procedure can

Schematic circuit diagram of the Type 1652-A
Resistance Limit Bridge.
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BRIDGES

be greatly facilitated by the use of a test fix-
ture into which the resistors can be plugged,
and which can be operated in conjunction
with a switch that shorts the meter ecircuit
prior to removal of the resistor from the jig.
Panel terminals for such a switch are pro-
vided.

Resistance Limit Bridge used for production testing
of potentiometers.

For the matching of resistors, the resistor to
be matched is connected to terminals pro-
vided and the internal standard is set to zero.

Used as a conventional Wheatstone bridge,
the circuit is balanced by adjustment of the
internal standard to equality with the un-
known resistor; the calibrated meter is used
as a null indicator.

FEATURES:

» Rapid and accurate for limit tests.

» Extreme simplicity of operation.

» Large meter scale, colored gold for 5%,
limits and silver for 109, limits.

» Equally useful for general resistance meas-
urement.

» Covers a wide resistance range
to one megohm.

» No batteries required. Operates from 115-
volt or 230-volt, 60-cycle line.

» Ruggedly constructed and enclosed in
welded aluminum cabinet.

» Accurate—can measure resistors
accuracy of =0.259,.

» Indicating meter can not be damaged by
unbalance of bridge.

one ohm

to an

SPECIFICATIONS

Resistonce Range: As a limit bridge, 1 ohm to 1,111,111
ohms with internal standard; for null measurement, 1
ohm to 1,111,111 ohms with internal standard; 1 ohm to
2 megohms with external standard.

Limit Range: Meter reads from -20%, to +209%,, with the
standard EIA tolerance range of =59, and =109
clearly indicated by gold and silver mﬁuring. respec-
tively.

Accuracy: As a limit bridge, =0.59%, or better: for match-
ing, =0.29,; for null measurement, with internal stand-
ard, =0.259 above 10 ohms and *=0.4%, between 1 ohm
and 10 olims; with an external standard, from 1 ohm to
2 megohms =(0.29, + accuracy of standard).

Voltage Applied to Unknown: The voltage across the un-
known resistor is exactly one volt when the meter in-
dication is zero. As the meter indication varies from

~20%, lo +20%, the voltage across the unknown will
vary from 0.89 volt to 1.10 volts.

Power Supply: 105 to 125 volts or 210 to 250 volts, 60
eycles. The power input is approximately 80 watts,
Power inpul receptacle will accept either 2-wire (Tyer
CAP-35) or 3-wire (Type CAP-15) power cord. Two wire
cord is supplied. For 3-wire, see page 237.

Accessories Supplied: T'ype CAP-35 Power Cord and spare
fuses.

Tube Complement: One Tyre 6X4 and two Tyer 65U7-
GTY's. All are supplied with the instrument.

Mounting: The bridge is supplied for either relay rack or
bench mounting, Cabinet has wrinkle finish.

Dimensions: Panel, 19 x 8% inches; depth behind panel:
bench model, 1114 inches; relay-rack model, 1034 inches.
Net Weight: 29 pounds.

Type | P, | | Code Ward | Price
1652-AM Resistance Limit Bridge (Bench Model) ....... BUXOM $495.00
1652-AR Resistance Limit Bridge (Relay-Rack Model) BADGE 495.00
1652-AMQ1 | Resistance Limit Bridge (50 cycles)............. | BUXOMRABID 620.00
1652-ARQ1 Resistance Limit Bridge (50 cycles)............. | BADGERABID 620.00

MEGOHM BRIDGE: A Wheatstone bridge for the megohm range, capable of measurements

from 0.1 megohm to 1,000,000 megohms, is described on page 8.

A-C LIMIT BRIDGE: The Type 1605-A Impedance Comparator (page 26) is designed for the
rapid comparison of resistors, capacitors and inductors at 0.1, 1, 10, and 100 ke.
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BRIDGES

TYPE 544-B

MEASURES:
INSULATION RESISTANCE
RESISTIVITY
DIELECTRIC ABSORPTION

USES: The megohm bridge is very useful for
the measurement of all types of resistances in
the megohm ranges. These include nol only
the resistance of composition, film, and car-
bon resistors, but also the insulation resist-
ance of electrical machinery such as genera-
tors, motors, and transformers; of electrical
equipment such as rheostats and household
appliances; of single conductors, cables, and
-apacitors: of sufficiently long sections of

MEGOHM BRIDGE

high-voltage cables; of paper capacitors; and
of slabs of insulating materials.

Volume resistivity and its change with tem-
perature and humidity can also be determined.

Guard connections are provided for the
measurement of three-terminal resistors such
as multi-wire cables, three-terminal capaci-
tors, networks, and guarded specimens of in-
sulating materials.

This bridge has been widely used for meas-
uring the dielectric absorption effects in the
insulation of electrical machinery, transfor-
mers, and cables. Charging-currenl curves
an be easily obtained over time intervals
from one second to many hours.

DESCRIPTION: The Tyre 544-B Megohm
Bridge is a combination of Wheatstone bridge
and vacuum-tube voltmeter.

The bridge is composed of the four arms,
A, B, N, P, as shown in the diagram al the
bottom of the page, with the power applied
across the arms, A, and B, and the vacuum-
tube voltmeter connected across the conju-
gate pairs, A-N and B-P. For checking the
galvanometer zero, the tube is isolated from
the bridge voltage 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 currenl of the tube will not appear in
the bridge balance because they are balanced
oul in the zero adjustment. There is also a
CHARGE position, in which the unknown
resistor, P, is placed across the arm, B. This
is valuable in measuring the resistance of
large capacilors because full voltage is applied
directly to the ecapacitor which can then

-0
BRIDGE
sQ GUARD

Schematic
diagrams of
the megohm
bridge.
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BRIDGES

charge al a maximum rate. The zero of Lhe
galvanometer can also be checked at any time
withoul being affected by the residual charge
in the capacitor.

FEATURES:

» The direct measurement of resistances up
to 1,000,000 megohms is made possible by the
use of a vacuum-tube detector, 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
one decade, The effective scale length for the
range from 100,000 ohms to 10,000 megohms
is 35 inches.

» The voltage applied to the unknown re-
sistance s held approximately constant, re-
gardless of the value of the unknown resist-
ance. This condition is necessary to measure
insulation resistance properly.

» Voltage stabilization is used in the a-¢
power supply to prevenl surges in charging
current when the leakage resistance of capae-
itors is measured.

SPECIFIC

Range: 1.1 megohm to 1,000,000 megohms, covered by a
dial and a 3-position multiplier switeh. A resistance of
LO00000 megohms can be distinguished from infinity
Accuracy: =89 on the 0.1, 1, and 10 multipliers; =4% on
the 100 and 1000 multipliers. Above 10,000 megahms,
the accuracy is essentially that with which the seale on
the MEGOHMS dial can be read

Terminals: All high-voltage terminals are insulated as a
protection to the operator.

Power Supply: T'wa types of power supply are available:
(1) an a-c unit delivering d-¢ test voltages of 500 volls
and 100 volts to the bridge, and (2) o baltery power sup-
ply of 90 volts, The a-¢ unil operates from a 105- to 125-
voll {or 210- to 250-voll), 40- to 60-cycle line. The bal-
Lery power supply consists of 1 No. 6 Dry Cell and 3 45-
volt batteries, This supplies 43 volts for the tube anode
and 90 volts for the lest voltage.

The bridge with a-c power unit will also operate salis-
factorily from 400-cyele supply, although line-frequency
ripple will be somewhat greater than with 60-eycle supply.
Power Input: G0 walls at 115 volls, 60 eyeles; with bal-

The Megohms dial of Type 544-B Megohm Bridge.
The scale is approximately logarithmic over the
main decade from | to 10.

ATIONS

tery supply, approximate current requirements are 60
ma for cathode heaters and 7.5 ma for anode.

External Bridge Voltage: Terminals are provided so that the
bridge voltage ean be obtained from an external souree if
desired. Up to 500 volts can be applied.

Tube Complement: With battery power supply, a 1L+ de-
tector tube is used; the 500-voll power supply uses a
6K7-G detector, a 6X5-GT rectifier, a 5U4-G rectifier,
and, in the voltage regulators, a 6J5-GT, a 6K6-GT, a 4A1
ballast tube, and two Type NE-48 neon lamps.
Accessories Supplied: Test probe. With a-c power supply, 4
I'vre CAP-35 Power Cord, spare fuses, and spare neon
ballast tube. Batteries are supplied with the ballery-
operated model. -
Mounting: Shielded oak cabinet with cover,

Dimensions: Cabinel with cover closed, (width) 8Ly

; : X
(length) 2244 x (height) 8 inches, over-all.

Net Weight: Witl baltery power supply, 29%% pounds:
with a-c power supply, 2634 pounds: Tyee &544-P10,
1414 pounds: Type 544-P3, 1115 pounds,

Type Code Word Price
544-BA Megohm Bridge, with A-C Power Supply ..... |AGrEE $365.00
544-BB Megohm Bridge, Battery Operated

(Ind: Botteries) . ivnesinisaisnasins. | ALOOF 250.00
544-P3 A-C Power Supply Unit Only..........c.ccceveee.. | AGREEAPACK 155.00
544-P10 Battery Power Supply Unit Only ...... veerseees | ALOOFAPACK 40.00

page 130,

OTHER INSTRUMENTS FOR HIGH RESISTANCE MEASUREMENTS: T'wo direct-indicating in-
struments for measuring resistances in the megohm range are the Typee 1862-B Megohmeter,
described on page 132, and the Tyee 1230-A D-C Amplifier and Electrometer, described on
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TYPE 716-C CAPACITANCE BRIDGE

FOR THE PRECISE

MEASUREMENT OF CAPACITORS AND

DIELECTRIC MATERIALS

USES: This precise, direct-reading, capacitance
bridge can be used for a wide variety of capaci-
tance and dissipation-factor measurements.
Within its scope are the determination of di-
electric constant, dissipation factor, loss fac-
tor, phase angle, and other dielectric proper-
ties of insulating materials, as well as their
change with such factors as frequency, tem-
perature, and humidity.

In addition to direct-reading capacitance
measurements, the bridge is capable of meas-
uring other impedances by substitution meth-
ods. Among these are the inductance and
storage factor of large inductors, up to several
thousand henrys; the inductance and resist-
ance of cables at frequencies up to 300 ke; the
resistance and parallel capacitance of high-
ralued resistors, up to several thousand meg-
ohms; and capacitances up to several thousand
microfarads.

By the addition of an external decade re-
sistor, the bridge can be converted to either a
series- or a parallel-resistance bridge; the
latter is especially useful in measuring the
resistance of electrolytes.

10

In the General Radio laboratories the Tyre
716 Capacitance Bridge is used for all capaci-
tance standardization measurements. In pro-
duction it is used for the testing and adjust-
ment of all precision fixed capacitors.

DESCRIPTION: The Type 716-C Capacitance
Bridge is a modified Schering bridge, direct
reading in capacitance at any frequency, and
in dissipation factor at 100 cyeles, and 1, 10,
and 100 kilocycles.

A wide capacitance range at 1 kilocycle is
obtained by four sets of ratio arms giving
multiplying factors from 1 to 1000 in decade
steps. The built-in standard is a worm-driven
Typre 722 Precision Capacitor, calibrated to
read directly in total capacitance. All capaci-
tances to ground of the input transformer and
ratio arms are removed from the capacitance
arms by enclosure in a shielded compartment
insulated from the grounded panel and con-
nected to the junction of the ratio arms,

Dissipation factor is indicated directly by
the scale setting of an air capacitor and from
a decade-step capacitor connected across the
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fixed ratio arm. The 12-inch scale of the air
capacitor is approximately logarithmic, 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 added capacitance across the lower-valued
ratio arms, so thal Lhe product RCoM* of all
the ratio arms is the same.

* Where M s the multiplier selting.

FEATURES:

» Wide capacitance and frequency ranges

* High accuracy

* Direct-reading dials

» Operation is simple, and both (erminals
and controls are arranged for convenience and
flexibility of operation.

» Operation up to 300 kiloeycles is me.de
possible by careful design of the shiclded
transformer to minimize leakage impedances
and dielectric losses.

SPECIFICATIONS

Ranges: Direct Reading: eapacitance, 100 uuf to 1.1 uf al
1 ke: 100 gl to 1150 gef at 100 ¢ 10 ke, and 100 ke;
dissipation factor, 0.00002 to (0.56.

Substitution Method: capacitance, 0.1 guf to 1050 yuf
with internal standard; with external standards, to as
high a capacilance as that of the a\':}ilnhle standards;

maximum dissipation factor, (.56 xV('ewherc (" is the
L

capacitance of the standard capacitor and €', that of the
unknown,

Accuracy: Direct Reading: capacitance, =0.1%, =(1 uuf
x capacitance multiplier setting) when the dissipation
factor of the unknown is less than 0.01; dissipation fac-
tor, =0.0005 or =29, of dial reading, whichever is the
larger, for values of D below 0.1.

Substitution Method: capacitance, =0.29, or =2uuf,
whichever is the larger; dissipation factor, =0.00005 or
=207 for the change in dissipation factor observed,
when the change is less Lhan 0.06.

A correction chart for the precision capacitor is sup-
plied, giving scale corrections to 0.1 wpf al multiples of
100 uuf. By use of these data, substitution measurements
can be made to =0.1%, or =0.8 uuf, whichever is the
larger. For capacitance less than 25 puf, the error will
decrease linearly to =0.1 wuf. It is also possible to ob-
tain, al an extra charge, a worm-correction calibration
with which substitution measurements ean be made to
an accuracy of 019, or =0.2 uuf, whichever is the
larger.

When the dissipation factor of the unknown exceeds
the limits given above, additional errors occur in both
capacitunce and dissipation-factor readings. Correction
formulae are supplied, by means of which the accuracy
given above can be maintained over all ranges of the
bridge.

Zero Capacitonce: (Across UNKNOWN terminals) Ap-
proximately 1 puf: negligible in substitution measure-
ments and in direct measurements with multiplier sel-
tings of 10, 100, and 1000,

Frequency Ronge: The accuracies given above hold for
operaling frequencies from 30 ¢ to 300 ke, provided that
the operating frequency does not differ from Lhe range
selector frequency by more than a factor of three. Dis-

ing the dial reading by the ratio of operating frequency
to the range-selector frequency.
Voltage: Voltage applied at the GENERATOR terminals
is fed to the bridge through a 1-to-1 shielded transformer.
A maximum of 1 walt can be applied, allowing a maxi-
mum of 200 volts at 1 ke, but only 50 volts at 60 cycles.
If generator and detector are interchanged, 750 volts can
be applied at frequencies of 1 ke and below.
Temperature and Humidity: Variations of temperature over
normal ranges (65° F to 83° F) have no significant effect
on the accuracy of the bridge, bul precise measurements
of dissipation factor should not be attempted when the
bridge has been exposed to conditions of abnormally
high relative humidity, unless it is dried by heat or a
desiccant.
Mounting: The bridge is supplied either for mounting on
a 19-inch relay rack or in a hardwood cabinet.
Accessories Required: Oscillator and high impedance de-
tector. For the power source the Tyre 1302-A Oscillator
(page 106) is recommended. Type 1281-B Amplifier and
Null Detector (page 61) with Tyee 1231-P Filters (page
62), or the Tyee 1212-A Unit Null Detector with Type
1951-A Filter épa e 63) is recommended for use as the
detector at audio frequencies. At low radio frequencies a
radio receiver is satisfactory for aural null indications.
For substitution measurements a balancing capacitor
is needed. This may be a Type 722 Precision Capacitor
or a fixed capacitor, Types 505, 1409, 1401, pages 164-
169. A guard circuit for use in the measurement of direct
capacilance is described on page 13. The Tyee 1610-A
Capacitance-Measuring Assembly which ineludes gen-
erator, detector, guard circuit and other accessories, is
described on page 16.
(Acullsofiu Supplied: Two Typre 274-NL Shielded Pateh
‘ords.
Other Accessories Available: For measurements on  un-
guarded dielectric specimens, the Type 1690-A Dielec-
trie Sample Holder (page 16) 1s recommended. For meas-
urements of small capacitors having parallel side-by-side
leads, the Type 1691-A Capacitor Test Fixture (page 13)
is recommended.
Dimensions: Relay-rack model: panel, 19 x 14 inches;
t‘ll!!‘l‘l'l behind panel, 9 inches; cabinet model: (length)
2134 x (height) 1414 x (depth) 11l inches, overall.

sipalion-faclor readings are oblained by multiply- Net Weight: 4414 pounds, relay-rack model; 5415 pounds,
cabinet model.

Type | | Code Word | Price
716-CR Capacitance Bridge (Relay-Rack Model) .... BONUS $595.00
716-CM Capacitance Bridge (Cabinet Model) ......... BOSOM 620.00

Worm-Correction Calibration for Internal
Precision Capacitor..i..cccvcecaisssinssoanes WORMY 50.00

TYPE 1610-A CAPACITANCE MEASURING ASSEMBLY A complelte capacitance measuring
assembly, including bridge, guard circuit, generator, and detector is listed on page 14.

11
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Both commercial and military specifica-
tions for capacitors of 1000 guf and less call
for measurements of capacitance and dissipa-
tion factor at a frequency of one megacycle.
The Type 716-CS1 Capacitance Bridge has
been designed specifically for these measure-
ments. This bridge, a modification of the
standard Type 716-C model, has unity ratio
arms, a single capacitance range, and a limited

TYPE 716-CS1
CAPACITANCE BRIDGE
FOR CAPACITANCE
MEASUREMENTS AT
1 MEGACYCLE

frequency range. The standard capacitor is a
Type 722-N, designed for use at 1 megacycle
and above, and the input transformer is de-
signed for high-frequency operation.

In addition to its use in testing capacitors,
the Type 716-CS1 Capacitance Bridge is sat-
isfactory for measuring dielectrics with the
Tyre 1690-A Dielectric Sample Holder at the
ASTM test frequency of one megacycle.

SPECIFICATIONS

‘Capacitonce Range: Direct Method, 100 to 1150 ppf;
Substitution Method, 0.1 to 1050 uuf.
Dissipation Factor R Direct Method, 0.00002 to 0.56;

" all
Substitution Method, 0.00002 x ‘(,—, to 0.56 x T
-z ‘T
(" is the capacitance setting of the internal standard
capacitor at initial balance and ', is the capacitance of
the unknown.
Frequency Range: Calibrated for one megacycle, the bridge
operates satisfactorily at frequencies between 0.1 and 5
megacycles.
Accuracy (ot ene megacycle): Same as Lhat of Typr 716-C at
1 ke, see preceding page.

This same accuracy can be obtained at other fre-
quencies between 0.1 Mc and 3 Me, if correclions are
made for the effects of residual impedance, and il ade-
quale selectivity is provided for the null detector.
Accessories Required: Generator and delector. For measure-
ment ul one megacycle only, the Type 1214-M Unit Os-
cillator (page 112) is the recommended generator: for
measurements over the range of 0.5 to 3 Me, the Tyre

, where

1211-B Unit Oscillator with Unit Power Supply (page
114); other oscillators and standard-signal generators are
also salisfactory. For the detector at 1 Me the Type
1212-A Unit. Null Detector (page 62) with Type 1212-P2
One-Megacyele Filter and Unit. Power Supply is recom-
mended. For operation at frequencies other than 1 Me. a
well-shielded communications receiver should be used.

For substitution measurements, a balancing capacitor
is needed, This may be a fixed Type 505, 1409, or 1401
Capacitor or a variable Tyere 722 Precision Capacitor
(pages 164-169).
Accessories Supplied: Two Type 874-R84 Cables, 1o fit
generalors and detectors recommended above.
Other A ies Avoilable: For ements on un-
guarded dielectric specimens, the Type 1690-A Dielec-
iric Sample Holder (page 16) is recommended. For
measurements of small capacitors having parallel side-
by-side leads, the Tyre 1691-A Capacitor Test Fixture
(page 13) is recommended.

Other specifications are the same as those for the
standard T'yre 716-C.

Type | | Code Word | Price
716-CMS1 Capacitance Bridge (Cabinet Model).......... BOGEY $580.00
716-CRS1 Capacitance Bridge (Relay-Rack Model) .... BACON 545,00

Worm-Correction Calibration for Internal
Precision Capacitor .......ccociviiiinncininnes WORMY 50.00

TYPE 1610-AH CAPACITANCE MEASURING ASSEMBLY: A complete assembly, including
bridge, generator, detector, and relay rack is listed on page 17.

12
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TYPE 716-P4

USES: The Guard Circuit facilitates the measurement
of guarded dielectric samples and of other small capaci-
tances where a three-terminal measurement is necessary.
It is particularly useful in the measurement of compo-

SPECIF

Capacitance Range: Designed for use with the x1 multi-
plier ranges of the Type 716-C Capacitance Bridge, i.e.,
arange of 0-1050 puf. The range can be extended by the
addition of external capacitance Lo the standard arm of
the bridge.

Frequency Range: Corresponds Lo thal of Tyee 716-C.
Guard Balonce Capacitor: Any value of capacitance be-
tween the guard point and the high measuring terminal
up to 1000 uuf can be balanced out.

Accessories Supplied: One Tvype 874-Q2 Coaxial Adaptor,
One Tyre 838-B Alligator Clip.

Net Weight: Type 716-P4R, 17 lbs.; Type 716-P4M,

GUARD CIRCUIT

nents and materials over wide ranges of temperature and
humidity, because it eliminates from the measurement
the effects of the leads from the bridge to the sample in
its conditioning apparatus and permits the same ac-
curacy of measurement that would be obtained if the
sample were positioned directly at the bridge terminals,

DESCRIPTION: See schematic, The guard arms 8 and 7'
make it possible to balance any combination of capaci-
tance and loss normally encountered in the terminal
impedance of the unknown.

The circuit and switching are arranged for either direct
reading or substilution methods. An 1150-uuf variable
balancing capacitor is built into the guard eireuil for sub-
stitution measurements and can be swilched in or out of
circuil, as required. Thus, the only external connection
reqguired is that to the unknown itself, for either direct-
reading or substitution measurements.

ICATIONS

23 Ibs. Dimensions: 19 x 8%4 % 914 inches.
Type | | Code Word | Price
716-P4AM Guard Circuit (Cabinet Model) ................| BOSOMGUARD $315.00
716-P4R Guard Circuit (Relay-Rack Model)...... <eess.| BONUSGUARD 295.00

PATENT NOTICE.

See Note 4, page x.

TYPE 1691-A CAPACITOR TEST FIXTURE

SIMPLIFIES AND SPEE
SMALL C

_,.v
e ) (RN

Co=Cy Cy =(921) pt
(Left) Tyre 1691-A Capacitor Test Fixture: (center)
View showing disc-type ceramic capacitor inserted
in fixture; and (right) nature and magnitude of zero
capacitance, which does not enter measurement
when substitution measurement is used.

Type

DS UP THE TESTING OF
APACITORS

USES: This fixture assures accurate and reproducible
measurements of small capacitors having full length
parallel leads, by providing a standard method of
attachment that eliminates variable lead capacitance.
It is particularly useful with the Typre 716-CS1 Ca-
pacitance Bridge in the measurement of disc-ceramic
capacitors al one megacycle.

DESCRIPTION: The fixture consists of two hollow shields,
into which the tesl capacitor leads are fully inserted
and held by spring clips, surrounded by another shield.
Two banana plugs, spaced 8/4 inch on centers, allow
the fixture to be plugged into the measuring instru-
ment. Losses are negligible.

Dimensions: 115 x 14 x 2% inches, over-all.
Net Weight: 4 ounces

| Code Word | Price

1691-A | Capacitor Test Fixture .........

EDICT $22.50

R I

13
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TYPE 1610-A and -A2 CAPACITANCE MEASURING ASSEMBLIES

USES: The Typr 1610-A Capacitance Measur-
ing Assembly is a conveniently arranged unit
containing complete equipment for highly
precise measurement of capacitance and dissi-
pation factor. Both two-terminal and three-
terminal capacitances (two-terminal capaci-
tances only with Type 1610-A2, see below)
can be measured, either by direct or substitu-
tion methods, over the frequency range from
30 eycles to 100 kiloeycles.

With the guard circuit, which is included
with the Type 1610-A, accurate measure-
ments can be made on samples some distance
from the bridge, as is necessary in environ-
mental testing.

DESCRIPTION: The Type 1610-A consists of:

1 Tyre 716-C Capacitance Bridge (see page 10)

1 Tyre 716-P4 Guard Circuil (see page 13)

1 Tyer 1302-A Oscillator (see page 106)

1 Type 1231-BRFA Amplifier and Null Detector (in-
cludes 1 Tyre 1231-P5 Filler) (see page 61).

Rack cabinel and connecting cables,
The Type 1610-A2 is identical except that the Tyer
716-P4 Guard Circuit is omitled and a blank panel sub-
sltituted. This assembly is used for 2-terminal measure-
ments only.

The oscillator frequency range is from 10
cyeles to 100 ke. The filter in the assembly is
tuned to 11 fixed frequencies as selected by a
switch, and any other frequency in the range
from 20 ¢ to 100 ke with the addition of ex-
lernal capacitance.

FEATURES:

» Complete assembly for direct and sub-
stitution capacitance measurements, two-
terminal or three-terminal for Type 1610-A,
two-terminal for Type 1610-A2, from 30 ¢ to
100 ke.

» Dielectric samples and capacitors can be
measured with Type 1610-A while in a con-
ditioning chamber.

» Instruments can be used separately with-
out electrical or mechanical changes.

» The Type 1690-A Dielectric Sample Holder
can be mounted directly on Capacitance Bridge
for 2-terminal measurements.

» Entire assembly operates from power line.

SPECIFICATIONS

See specifications for Tyee 718-C Capacitance Bridge,
Tyere 716-P4 Guard Circuit, Tyee 1231-BRFA Ampli-
fier and Null Detector (includes Tyre 1231-P5 Filter),
and Tyre 1302-A Oscillator,

Accessories Required: None, except a balancing capacitor
for substitution measurements when the Guard Circuit
is not used. This may be the Type 722-D Precision Ca-
pacitor, the Type 1409 Standard Capacitor, or the Tyre
505 Fixed Mica Capacitor (see pages 164-169)

Power Supply: 105 to 125 (or 210 ta 250) volts, 50 Lo 60
cycles. This equipment will also operate satisfactorily on
power supply }requenciea up to 400 cycles; provided that
the supply voltage is at least 115 volts,

Power input receptacle will accept either 2-wire (Tyre
CAP-35) or S-wire (Tyre CAP-15) power cord, Two-
wire cord is supplied. For 8-wire, see page 287,
Accessories Supplied: Necessary cables, adaptor, alligator
clip, and spare fuses.

Accessories Available: For measurements on unguarded
dielectric specimens, the Type 1690-A Dielectric Sample
Holder (page 16) is recommended. Worm-correction cal-
ibration for internal precision capacitor in bridge (see
page 11).

Dimensions: (Height) 43 x (width) 2214 x (depth) 20
inches, over-all.

Net Weight: 20215 pounds for Tyre 1610-A, 180 pounds
for Tyre 1610-A2,

Type | |  Code Word | Price
1610-A Capacitance Measuring Assembly ............cocvvvnen SEDAN $2090.00
1610-A2 Capacitance Measuring Assembly

(loss:Guord CITEOIN). svonsusnsssuoisiniastsrsavatnnanssiva SABER 1795.00

PATENT NOTICE, See Notes 1, 2, and #, poage x,
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TYPE 1610-AH CAPACITANCE MEASURING ASSEMBLY

FOR MEASUREMENTS AT 1

USES: Both commercial and military specifi-
cations for capacitors of 1000 puf and less call
for measurement of capacitance and dissipa-
tion factor at a frequency of one megacycle.

The Type 1610-AH Capacitance Measur-
ing Assembly is a complete set of equipment
for making these as well as other 2-terminal
measurements.

Accessories are available which enhance the
usefulness and convenience of the assembly
for specific measurements.

For the measurement of small capacitors,
particularly disc-ceramic types, the Tvyre
1691-A Capacitor Test Fixture (page 13) is
recommended.

With the Tvyee 1690-A Dielectric Sample
Holder (page 15), specimens of dielectric ma-
terials in the form of standard ASTM 2-inch
(or smaller) discs can be measured.

Although calibrated for a frequency of one
megacycle, the bridge can be used at any fre-
quency between 0.1 and 5 megacycles, if a
variable-frequency oscillator and a tunable
selective detector are available.

DESCRIPTION: The assembly consists of:
Tyre 716-CS1 Capacitance

Bridge See page 12
Type 1214-M Unit Oscillator 112
Tyre 1212-A Unit Null Detector 63
Typre 1212-P2 One-Megacycle Filter 64
Tyrr 1203-B Unit Power Supply 142
Tyre 480-P4U1 and Tyre 480-P4U3

Adaptor Panels 202

Relay Rack Cabinet
Connection Cables and Power Cord

MEGACYCLE

SPECIFICATIONS

Ranges and Accuracy: Identical with those for the Type
716-CS1 Capacitance Bridge, page 18. )
Accessories Available: Dielectric Sample Holder, Capacitor
Test Fixture, balancing capacitor, and worm-correction
calibration for internal precision capacitor, in bridge as
listed under Tyre 716-CS1, page 12.

Power Supply: 105 to 125 volts, 50 to 60 cycles, 100 walls
input at 115 v line. Assembly will operate satisfactorily
on power-supply frequencies up to 400 cycles, provided
that the supply voltage is at least 115 volts.

Dimensions: (Height) 43 x (width) 2216 x (depth) 20
inches, over-all.

Net Weight: 150 pounds, approximately.

Type | | Code Word | Price
1610-AH | Capacitance Measuring Assembly ....................... | smren | $995.00
PATENT NOTICE, See Note 4, page x.
15
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TYPE 1690-A DIELECTRIC SAMPLE HOLDER

FOR 2-TERMINAL MEASUREMENTS

USES: The Tyre 1690-A Dielectric Sample Holder is a
micrometer-driven sample holder of the Hartshorn
type,* intended primarily for measurement of dielectric
constant and dissipation factors of specimens of dielec-
tric materials in the form of standard ASTM 2-inch
diameter dises. It is suitable for any Hat sample whose
largest dimension is not greater than 2 inches and thick-
ness not greater than 0.8 inch. It can be used, for exam-
ple, with resonant circuits for susceptance-variation or
frequency-variation measurements, with the Tyre
716-C and Tyre 716-CS1 Capacitance Bridges, the Tyre
874-LBA Slotted Line, and the Type 1602-B Admittance
Meter.

DESCRIPTION: A precision micrometer screw drives the
movable grounded electrode with respect to a fixed
insulated electrode. The screw adjustment control is a

large instrument knob, in contrast to the small thimble
employed in the usual machinist's micrometer. Attached
to the knob is an accurately divided drum which indi-
cates the spacing between electrodes. The micrometer
serew is electrically shunted by a metal bellows, assuring
positive low-resistance connection at all times. A release
mechanism is incorporated in the design of the movable
electrode, so that when full positive contact is made
between the two electrodes, the drive disengages, thus
srotecting the mechanism against mechanical stress,
When the surfaces of the specimen are not exactly parallel
the movable electrode will adjust itself to the plane of the
specimen surface.

A vernier capacitor with a capacitance range of 5 uuf
is also provided, for use in determining capacitance
increments in the susceptance-variation method. This
capacitor is of the cylindrical type, the movable cylinder
being a precision micrometer screw. Ten turns of the
screw cover the range of 5 uuf, and the drum attached to
the screw is accurately divided into 50 divisions, each
corresponding to .01 uuf.

The assembly is mounted in a rugged aluminum cast-
ing, which shields it on four sides. The shielding is
completed by two removable cover plates, which permit
access to the electrodes. The holder ean be mounted on
either horizontal or vertical panels.

FEATURES:

» A dielectric specimen can be measured over a wide
range of frequencies with the same holder in different
measuring cireuits.

» Corrections for edge fringing and stray eapacitance
are taken care of by the calibration.

» Rigid casting supports entire structure.

» Large easily read dials.

» Complete shielding.

» Flexibility —can be used with a number of different
bridges or other measuring cireuits.

» Precision calibration provided.

» “Floating” electrode protects precision drive.

* . Hartshorn and W. H. Ward Proceedings of the [Institution of
Blectrical Engineers, v. Th, pp. 507-008 (1938).

SPECIFICATIONS

Electrodes: Diameter, 2,000 inches ==0.0025, Surfaces are
ground optically flat within a few wavelengths.
Electrode Spacing: Adjustable from zero to 0.3-inch indi-
cated by the micrometer reading in mils.
Vernier: Incremental capacitance is 5 puf, nominal.
Calibration: For the main capacitor, a chart is provided
giving the calculated air capacitance as a function of
spucing. A correction curve is also provided with each
holder, giving the measured deviations from ealenlated
values over the range from 800 mils to 10 mils spacing.
In accordance with recommended ASTM practice, this
calibration is referred to the calculated geometric value
al a spacing of 100 mils. Accuracy is =0.2%, =0.1 mil.
For the vernier capacitor, a correction chart is pro-
vided, from which capacitance differences can be deter-
mined Lo an aceuracy of = 0,004 puf,
Zero Copacitance: Approximately 11 uuf.

ency: No significant error occurs al frequencies below
100 Me. At higher frequencies satisfactory resulls can be
obtained for many types of measurements,
Accessories Supplied: Tyre 1690-P1 Adaptor Assembly
for mounting to the Tyres 716-C, and -CS1 Capacitance
Bridges. Hardware is supplied for mounting sample
holder on Types 740-B, 1611-A, 1604-B. 544-B Bridges
and Type 1862-B Megohm-meter. 4
Accessories Available: Type 1690-P2 Adaptor Assembly
for connecting to Tyre 874-LBA Slotted Line or Typr
1602 Admittance Meter.
Mounting: Supplied with a wooden carrying case. A
drawer in the case provides storage for hardware, and a
spring clip holds the calibration charts.
Dimensions: Over-all, mounted on adaptor, 614 x 5% x
414 inches,
Net Weight: 3% pounds.

Type I | Code Word | Price
1690-A Dielectric Sample Holder.......... LOYAL $435.00
1690-P2 Adaptor Assembly.............coviiiiviiiinnn. | LOYALMOUNT 20.00

( for connection to coaxial equipment)

PATENT NOTICE. See Note 4, page «
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TYPE 740-B

RELIABLE, MODERATELY
PRICED BRIDGE
FOR SHOP AND

LABORATORY

USES: The Tyrpe 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
polarized electrolytic capacitors. The capacitor
manufacturer can use it for production tests,
the capacitor user for acceptance tests. It is
particularly useful in testing polarized elec-
trolytic capacitors, because the test condi-
tions approximale the normal operating con-
ditions of use.

DESCRIPTION: The circuit used in this instru-
menl is that of a series-resistance capacitance
bridge. One ratio arm is variable in decade
steps, and the other is continuously variable
and calibrated directly in capacitance.

SPECIF

Copacitance Range: Guuf to 1100 uf in seven ranges.
Capacitance values are read directly from a logarithmic
dial and multiplier switch.
Capacitance Accuracy: Within =19, over the main decade
(1 to 11) of the CAPACITANCE dial for all multiplier
settings except .0001. Within =1.5%, or =8 uuf, which-
ever 15 the larger, on the .0001 multiplier on the main
decade of the CAPACITANCE dial. Below 100 uuf the
error gradually increases to =35 pul as zero is approached.
ipation Factor R 0 to 509, in two ranges. Scale
has 50 divisions.
Dissipation Facter Accuracy: Within  =1.59, of fullscale
reading for all capacitance multipliers exeept .0001.
On the 0001 eapacitance multiplier a correction of
0.8% should be subtracted from the dissipation-factor
dial reading. When Lhis correction is made the accuracy
is within =2 dial divisions on the x1 multiplier and within
= | division on the x10 multiplier.
Voltage Applied to Unknown: The voltage impressed across

Type |

CAPACITANCE TEST BRIDGE

The Type 740-B Capacitance Test Bridge
is a simpler instrument than the Type 1611-B,
with a smaller capacitance range and lacking
some of the features of the latter instrument,
FEATURES:

» Measures the direct capacitance of wun-
grounded capacitors,

» Visual null indicator makes the bridge use-
ful for production testing in noisy locations.
» Simple Lo operate.

» Normal operating conditions for polarized
electrolytic capacitors are reproduced by the
use of a d-¢ polarizing voltage. The a-c voltage
impressed by the bridge itself is small and
simulates the ripple usually encountered in
power-supply filters.

ATIONS

the unknown lerminals varies continuously with the
bridge setting. For very small capacitances in the lowest
range, this voltage is approximately 35 volts, and il
decreases with increasing capacitance, so that at 100
uf it is approximately one volt.

Polarizing Voltage: Terminals for connecting a d-¢ polar-
izing voltage are provided on the panel.

Power Supply: 105 to 125 (or 210 to 250) volts, 60 cyeles.
The power input is 15 walts,

Controls: Capacitance dial and multiplier, dissipation-
factor control and multiplier, sensitivity control.
Accessories Supplied: T'vpr CAP-35 Power Cord and spare
fuses.

Tube Complement: (ne each 6X5GT /G, 617, 6ES5.
Mounting: Portable carrying case. of airplane-luggage
construction.

Dimensions: (Length) 1414 x (width) 15 x (height) 94
inches, over-all, including cover and handles

Net Weight: 19 pounds.

| Code Word |  Price

740-B

| Capacitance Test Bridge..........

BABEL | $285.00

.
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TYPE 1611-B CAPACITANCE TEST BRIDGE

FOR SHOP,

USES:

dissipation-factor
measurements at 60 cycles and 120 cycles
can be made quickly and conveniently with
this bridge. Among its uses are:

Capacitance and

# Laboratory and shop testing of paper and
mica capacilors.

# Measurements of polarized electrolytic
capacitors at 120 cycles (or 60 cycles).

» Measurement of dielectric properties of
solid insulation and transformer oil.

» In the electric power industry, for the
shop testing of insulators and insulation, in-
cluding bushings, transformers, rotating ma-
chines, and cable. Results are unaffected by
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 labora-
tory and production tests of dissipation factor
and capacitance on all kinds of cable.

» The electronics industry will find it useful,
not only for routine capacitance and dissipa-
tion-factor tests on component ecapacitors,

18

FIELD,

OR LABORATORY

but also for checking capacitance to ground
of transformer windings, shields, and circuit
elements.

DESCRIPTION: The circuit used is the series-
resistance capacitance bridge. One ratio arm
is continuously variable and calibrated to
read directly in capacitance. The other ratio
arm is variable in decade steps and serves as
a multiplier for the direct-reading dial. The
variable resistors in series with the standard
capacitors are calibrated directly in dissipa-
tion factor.

A shield terminal is provided, to which a
guard electrode or a ground terminal can be
connected for 3-terminal measurements.

A visual null indicator is used, consisting
of a tuned amplifier and an electron-ray tube.

The entire instrument is a-c operated.

For 60-cycle measurements, bridge power
is derived directly from the power line. For
120-cycle measurements, an external oscil-
lator, Type 1214-D is used. Other frequencies
up to 1000 eps can also be used, if the detector
filter is tuned externally,

A portable luggage-type carrying case
houses the complete instrument.

FEATURES:

* Will measure any capacitor up to 11,000
microfarads.

» Visual null indicator is an advantage in
noisy locations.

» Detector sensitivity increases as balance
poinl is approached, which greatly simplifies
process of locating balance.

> [se of low test voltage results in"consider-
able saving in cost over equipment operating
at several kilovolts.

» Moderate external electrostatic fields do
not affect results, since connection to gen-
erator can be reversed and the observed re-
sults averaged.

» A d-c polarizing voltage can be introduced
from an external d-c¢ source.

» Measures polarized electrolytic capacitors
under conditions of actual use—with 120-
cycle ripple voltage applied.

» Measures either 2-terminal or 3-terminal
capacitors.

p/‘ File Courtesy of GRWiki.org
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SPECIFICATIONS

Capacitance Range: (0 to 11,000 uf al 60 eycles. 1 uf to
11,000 uf at 120 eycles or other external frequency.

Dissipation-Factor Range: (0 to 609, at 60 cycles. Range
proportional to frequency. (0 to 1209, at 120 eycles.)

Dial readings must be multiplied by the ratio ‘im for fre-

quencies other than 60 cycles.
Accuracy: Capacitance, =19%,. Dissipation factor. =(27,

of dial reading +0.05%, x &0 dissipation faclor).

Sensitivity: The sensitivily is such Lhal any ecapacitance
in the range 100 puf to 10,000 uf can be balunced to a
precision of al least 0.19,

Detector Filter: Tuned to 60 or 120 eycles, selected by
switch. Jack provided for use of an external flter for
other frequencies.

External Generator: Required for frequencies other than
60 cyeles. Tyre 1214-D Unit Oscillator listed below is
recommended for 120-cycle measurements,

External Fields: For bushing testing, the fields usually en-
countered in shop and laboratory, even up to several
thousand volts, will not affect the accuracy. For meas-
urements in locations where the overhead voltages are
very high, the unknown should be shielded.

A-C Voltage Applied to Capacitance under Test: The vollage
impressed on the unknown capacitance varies from a
maximum of approximately 125 volts at 100 uuf to less
than 1 volt at 10,000 uf. The ecircuit is so arranged thal
a maximum of one volt-ampere of reactive power is de-

livered to the sample.

Polarizing Voltage: Terminals are provided for connecting
an external d-¢ polarizing voltage. The maximum voltage
that should be impressed is 500 volts.

One of the terminals is grounded so that any sa-c op-
erated power supply with grounded outpul can be used.
The terminal capacitances of the power supply do not
affect the bridge circuit.

Temp and Humidity Effects: T'he readings of the bridge
are unaffected by lemperature and humidity variations
over the range of room conditions normally encountered
(65° F to 85° F, 0 to 909, RH).

Power Supply Voltage: 105 Lo 125 (or 210 to 250) volts, 60
cycles. A 50-cyele model is available; see price table,
below. Power receptacle will aceept either 2-wire (Tyer
CAP-85) or 3-wire (Type CAP-15) power cord. Two-
wire cord is supplied; for 3-wire, see page 237.

Power Input: 15 waltls,

ilcemriu Supplied: Type CAP-35 Power Cord and spare
uses.

Other Accessories Required: 120-cycle oscillator, if 120-cycle
measurements are to be made. Tyre 1214-D Unit Oseil-
lator is recommended.

Mounting: Portable carrying case of luggage-lype con-
struction. Case is completely shielded to insure freedom
from electrostatic pickup.

Tube Complement: One each 6X5-GT,/G, 63J7, and 6175,
Net Weight: 3015 pounds.

Dimensions: (Width) 14%5 x (depth) 16 x (height) 10
inches, over-all, including cover and handles.

Type | Code Word | Price
1611-B I Capacitance Test Bridge........c.coovviiniinceiiiracniennn, FAVOR $570.00
1611-BQ1 Capacitance Test Bridge, for 50-cycle supply....... <o | FAVORPASHA 645.00

TYPE 1214-D 120-CYCLE OSCILLATOR

This oscillator is intended to drive the Tyre
1611-B Capacitance Bridge at 120 cycles. It is
very similar to the Type 1214-A Unit Oseil-

Type |

lator (page 112) except for frequency and out-
put circuit. The output control is a four-
position switch to provide four different out-
put impedances, to match the Type 1611-B
Bridge at each of its four 120-cycle multiplier
settings, and is marked in terms of bridge
multipliers.

A jack is provided for plugging in an ex-
ternal oscillator so that the output trans-
former and switching can be used at frequen-
cies other than 120 cycles.

SPECIFICATIONS

Frequency: 120 cycles =207,

Output: AL least 200 milliwalts into matehed load.

Controls: Output impedance switeh and power switch.
For complete specifications, see page 112,

| Code Word |

Price

1214-D

PATENT NOTICE, See Note 2, page x.

120-cycle oscillator (including power

ABBOT | $100.00
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TYPE 1613-A CAPACITANCE BRIDGE

CTESY SET,
PRECISION,

USES: This bridge is a calibrator for the ca-
pacitive fuel-gage testers' that check the ac-
curacy of aircraft fuel-quantity gages. It
meets the essential requirements of specifica-
tion MIL-T-4778 (USAF) and has been given
the militarily assigned commercial-standard
designation TTU 24/E, as listed above. It is
also an excellent, general-purpose capacitance
bridge for precise, three-terminal measure-
ments of capacitance at 400 cycles per second.
DESCRIPTION: The circuit is that of a trans-
former bridge, with an ingenious method for
making the dissipation factor dial direct-
reading. The inductively coupled ratio arms
are in the detector circuit, so that the voltage
on the unknown ecapacitor remains constant
as the bridge ratio is changed. The direct im-
pedance of the T network used in the stand-
ard side of the bridge balances the direct
impedance of the unknown. The balance
equalions are:

Cy = C, (M)
and l)\ = wh ((»‘., + (_lRJ

20

CAPACITANCE BRIDGE,
THREE TERMINAL,

TTU 24 /E,
DEPOT)

where M is a multiplier of 1 or %, (as se-
lected) and Cy is the series capacitance of the
unknown.

The sum (C', + C}) is kept constant, so that
R is proportional to Dy and, therefore, is
directly calibrated in dissipation factor. Other
transformer-type capacitance bridges require
a computation to obtain this quantity.

The standard ecapacitor, which forms Lhe
differential unit consisting of €', and Cy, is
actually a 50-to-1100 puf variable air unit and
a 1000-to-10,000 puf decade of silvered-mica
capacitors. The sum (C', + Cp) is kept con-
stant by the addition of an extra set of stator
plates to a Type 722 Capacitor, and by differ-
ential switching of the mica units. On the
X Yo range the lower limit is extended down
by a factor of Y, so that the over-all range
becomes 5 puf to 11,000 ugf.

The 400-cycle osecillator is thermistor sta-
bilized and uses a Wien bridge selective R-C
network in a three-stage feedback circuit,

| Genernl Radio Type 1429-A, page 174, is this type of deviee.
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which has such a high loop gain that the fre-
quency is practically independent of tube
parameter changes. The frequency-determining
components are GR precision resistors and
capacitors. A buffer cathode-follower ampli-

Schematic diagram of Tyee 1613-A Capacitance
Bridge.

fier is added to prevent external loading from
affecting the frequency.

FEATURES:

» The detector circuit has several fealures
that facilitate rapid and accurate balances.
Two cascaded, selective, twin-T, feedback
amplifiers provide high selectivity, and the
sensitivity 1s more than adequate for a precise
balance. The null indicator has a compressed
response and uses a ruggedized meter. Two
panel lights indicate the direction of capaci-
tive unbalance when the meter is upscale.
Thus it is not necessary to use a trial-and-
error method of deciding which way to vary
the standard capacitor when the unknown is
first connected. This feature greatly reduces
the time required to balance the bridge and
usually makes gain-control adjustments un-
necessary.

SPECIFICATIONS

Range: Capacitance, 5 uuf to 11,000 puf; dissipation factor,
0to0.11.

Accuracy: Capacitance, =0.17; from 11,000 to 40 uuf, ris-
ing to 0.8%, at 5 uuf; dissipation factor, =29, of reading
=(.0002.

Oscillator: Frequency, 400 eps =0.259: output, 25 volts
nominal.

Detector Sensitivity: x 1 MULTIPLIER position— 109,
deflection for .05 uuf AC.

*x Y MULTIPLIER position—10% deflection for
005 puf AC.

Detector Selectivity: Down 44 db at 800 eps, down 72 db at
60 eps.

Effect of Impedance to Third Terminal (Chassis): Impedance
from the unshielded lead to chassis shunts the oscillator
and, therefore, causes no bridge error. The output voltage
is reduced approximately 509, by shunt impedance of
AkQor 0.1 4.

Impedance from the coaxial lead to chassis shunts the

bridge transformer. On the x 1 MULTIPLIER position,
there is negligible effect from a shunt of 1 k2 or 0.1 uf.
On the x%, MULTIPLIER position, there is negligible
effect from 10 kQ or 0.01 uf.
Accessories Supplied: For connection to Type 1420-A Fuel
Gage Tester, two unshielded cable assemblies and one
common shielded assembly: for connection to Type 03
Fuel Gage Tester, one cable harness, including termina-
tion unit assembly; general-purpose three-terminal meas-
urements, one coaxial and one unshielded cable assembly,
with Tyre 874 connectors. Power cord is also supplied.
Tube Complement: 5-5751; 1-12AT7TWA; 1-6X4WA.

Type '

Power Supply: 105 to 125 volts, 50-60 cycles. 30 walts input
at 115-volt line.

Dimensions: (Length) 2214 in. x (height) 14 in. x (depth)
1244 inches over-all, including cover.

Net Weight: 55 Ibs.

View of Tyre 1613-A Capacitance Bridge showing
cabinet with cover in place.

| Code Word | Price

1613-A

| Capacitance Bridge........ SeisseasitEes Ciirestes ST A Res |

SUPER | $2175.00
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TYPE 1632-A INDUCTANCE BRIDGE

USES: The Tyre 1632-A Inductance Bridge is
designed for the precise measurement of either
the series or the parallel components of two-
terminal grounded inductors, at audio frequen-
cies, over a wide range of inductance from the
millimicrohenry range to 1111 henrys. Its
high accuracy makes it suitable for standard-
ization measurements, while its convenient in-
line read-out feature and the absence of a
sliding balance make possible rapid measure-
ments of high precision.

Measurement of incremental inductance can
be made at low levels of ac and de excitation.
DESCRIPTION: The Owen circuit used in this
bridge is shown schematically in the accom-
panying diagram. In this circuil, the standard
reactor is a capacitor, which, owing to ils
very low residual impedances, exhibits a neg-
ligible change in its effective capacitance over
the audio range. The Owen circuit also makes
possible the use of the high accuracy of dec-
ade resistors for the inductance balance.

Inductance is indicated by the setting of
a six-decade control; conductance by the set-
ting of four decades and a variable air capaci-
tor. The inductance dials, which show only the
pertinent digit of each decade, indicate directly
either series or parallel inductance. Resistance,
eilher series or parallel, is the reciprocal of the

22

conductance setting. An eight-position multi-
plier automatically indicates both the decimal
point and the units for both inductance and
conductance.

Residual impedances associated with the
“unknown” terminals have been minimized,
with a consequent maximum of accuracy for
the measurement of both large and small
values of inductance.

FEATURES:

» Extremely wide range of inductance.

» Easy, fool-proof readout. Range switch lo-
cates decimal point and identifies units ol
measurement.

SERIES PARALLEL

Ca Rg

Rn
Cn

.,(ll
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» In-line decade readings, with only the de-
sired digits shown.

» High resolution—six significant figures,

» Measures parallel inductance for high-@

inductors—series inductance when @ is low.
» Will detect one millimicrohenry.

» Necessary instructions and circuit informa-
tion are engraved on the panel.

SPECIFICATIONS

Ronge: Range selection is by an eight-position switeh,
which indicates units and range, and locates the decimal
point in the in-line balancing decades,

Full seale ranges from 1111 gh to 1111 henries [or in-
ductance; from 1111 micromhos to 1111 mhos for conduet-
ance.

Minimum inductance indication is 0,001 microhenry,
which makes balances to a precision of 0.1%, possible for
an inductance as low as 1 microhenry.

Inductance Balance: Six, precision, decade resistors are
used for the inductance balance. Maximum resistance is
100,000 ohms, in 0.1 ohm steps.

Conductance Balance: Four decades of low-loss polystyrene
capacilor plus one variable air capacitor. Maximum ca-
pacitunce is 1111 pf, minimum capacitance is 200 pul.
Sensitivity Switch: An additional control is provided which
changes the value of Rp by a factor of 10 without alter-
ing the range.

Frequency: Designed primarily for precise and accurate
measuremenls al 1 ke and lower. Usable to at least 10 ke
with some decrease in accuracy, see below.

Inductance Accuracy: Basic direct-reading inductance ae-
curacy is = 0,19,

Because of the extremely wide range of the bridge arms,
the full aceuracy cannot be realized at the extreme of
inductance, @, or frequency.

For low values of , an additional error of +.05%,/Qx
ean oceur at any frequency.

The Ry arm is swilched in decade steps from 1 ohm to
100,000 ohms. The phase angles (expressed as Q) of these
resistors are compensated to within the values given in
the table.

Ry 19 e | g Lk |10k | 100 k2

Qg 1 ke | == 080, | =005, |+ 0009, |= 00207 | 4= 089, | =0.17

For frequencies above 1 ke the additional error in in-
ductance indicalion is:

AL = = @, {; 9

Type |

The capacitance across the unknown terminals is ap-
proximately 1 uuf.

Two nearly equal inductance values can be inter-
compared Lo a precision of one part in 10% or better.
Conductance Accurocy: The capacitor Cy is adjusted 1o
within =17,

Errors in conductance arising from residual phase
angles of the bridge arms depend upon frequency and Q.
Such errors are best defined in terms of the dissipation
factor of the unknown (reciprocal of Qy). The error in
dissipation factor is less than =0.001 al 1 ke, for Ry
values less than 10,000 ohms. At higher frequencies the
error increases directly with frequency, with Ry, and
with Ruz. The error can be kepl at the =0.001 level by
reducing the product RgRy inversely with frequency.
The maximum value of inductance thal can be measured
with a given accuracy for conductance (or @) is thus in-
versely proportional to frequency.

Cireuit: The capacitance decade for resistance balance can be
connected in series or in parallel with Ry. Thus the equiva-
lent series or equivalent parallel inductance of the unknown
inductor can be measured. For the series connection the
maximum value of @ is proportional to frequency, with a
maximum value of 80 at 100 ¢ps. For the parallel connec-
tion the maximum value of @ is inversely proportional to
frequency and to Ry. Maximum value at 100 cps and
Ry = 100,000 ohms is 80. By selection of the Ry value,
either series or parallel measurements can be made in most
practical cases.

Applied Voltoge: Maximum safe applied voltage ranges
from 1 volt on the lower inductance ranges to 100 volts
on the higher ranges. Values are engraved on the panel.
Accessories Supplied: T'wo Type 274-NL Shielded Patch
Cords supplied for connection to generator and detector.
Accessories Required: Generator and detector.

Mounting: Aluminum cabinel and dress panel, crackle
finish. Can also be rack mounted.

Dimensions: Panel 19 x 1534 inches: over-all depth, 934
inches.

Net Weight: 40 pounds.

Code Word | Price

1632-A | Inductance Bridge...........cvvvveneeervrensneeeeresnnnenns

BARGE | $875.00

TYPE 667-A INDUCTANCE BRIDGE

The Type 667-A Inductance Bridge, widely used
for the measurement of rf inductors al a frequency
of 1 ke, is still available. It can also be used as a
general-purpose inductance bridge for the meas-
urement of self and mulual induetance. The range of
inductance measurement is 0.1 gh to 1 henry, with an

accuracy of = 0.29, + 0.1 gh.

The internal standard is a stable one-millihenry
inductor, wound on a ceramic form. External stand-

ards can also be used.

Type | | Code Word |

Price

667-A | Inductunceﬂridgc.........| AEKRLE

| $s10.00
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USES: The Type 1650 Impedance Bridge will
measure the inductance and storage factor, @,
of inductors*, the capacitance and dissipation
factor, D, of capacitors, and the ac and de re-
sistance of all types of resistors.

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

The Tyre 1650, a completely new bridge re-
placing the famous Tyre 650, has many impor-
tant new features and sets a new mark in con-
venience and general utility.

DESCRIPTION: This bridge is a completely self-
contained and portable instrument. Five sepa-
rate bridge circuits are included to give Hexi-
bility and wide range. Battery-powered, low-
drain transistor oscillator and detector are
included, The panel meter indicates both de
and ae bridge unbalances, and therefore, head-
phones are not required.

The measured quantities, R, L, C, D, and @,
are indicated directly on dials with logarithmie
scales. No multiplier is necessary for the D
and @ indications and the €', R, or L multiplier
and the unit of measurement are indicated by
the range swiltch setting.

* Ineluding suel low-0 inductors as ¢f coils measured al 1 ke

24

TYPE 1650-A
IMPEDANCE BRIDGE

Completely Self-Contained Universal
Bridge With Transistor Generator and
Detector

The bridge circuits are made up of high
quality, stable components Lo give accuracy for
many vears under a wide range of conditions.
Orthonull, an exclusive, new, and unique me-
chanical-ganging device is used to make low-@
balances possible without a *“sliding null”.
This mechanism, which may be switched in or
oul as desired, adds accuracy as well as con-
venience and makes easy many low-) measure-
ments that are practically impossible on other
impedance bridges.

A unique cabinet design provides a handle
and a captive, protective cover and allows the
bridge panel to be tilted and held firmly at
any desired angle.

FEATURES:

» Completely self-contained and portable.

» Wide impedance range, covering all com-
mon components.

» Orthonull to facilitate low-@) balances,

» Meter indication of ac as well as de un-
balances so that headphones are nol necessary.
» Transistor oscillator and detector powered
by common D" cells.

#» Provision for applying de to inductors and
capacitors being measured.

» Easy-to-read dials.

» Excellent D and @ accuracy.

» Very small residual errors.

» Long battery life; easy replacement.
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SPECIFICATIONS

Ranges:
Resistance, 1 m to 10 Mg, 8 ranges ac or de
Capacitance, 1 pguf to 1000 wf, 7 ranges Series or Parallel
Inductance. 1 gh to 1000 h, 7 ranges Series or Parallel
D (of series capacitance), 0.001 to 1 at 1 ke
D (of parallel capacitance), 0.1 to 50 at 1 ke
(€, = €y within 19, if D <0.1)
€ (of series inductance), 0.02 to 10 al 1 ke
@ (of parallel inductanee), 1 to 1000 at 1 ke
(L, = L, within 197, if @ > 10)
Accuracy:
Resistance®, =19, =1 m{ (Residual B = 1m)
Capacitance, =19, = 1uuf (Residual (' =0.5ppf)
Inductance, =19, = 1uh (Residual L <0.2uh)
D, =59, =.001 at 1 ke or lower
1/Q. =59, =001 at 1 ke or lower
Frequency Range: (1 ke supplied internally)
195 aceuracy for L and €, 20 ¢ Lo 20 ke;

Type |

for R, 10 ¢ to 50 ke.

(D and @ ranges are functions of frequency,)
Internal Oscillator Frequencyt: | ke =297
Internal Detector: Response, flal or selective al 1 ke; sen-
sitivity control provided.
Internal DC Supply: 6 v, 60 ma max.
Power Supply: 4 D" cells, supplied. Current drain (ac
measurements) 10 ma,
DC Polarization: 600 volls may be apphed (from ex-
ternal source) for series capacitance measurements.
Accessories Supplied: One Type 274-MB  Double Plug.
Other Accessories Available: T'yre 1650-P1 Test Jig.
Other Accessories Required: None. Earphones may be used
where liigh precision is required at the extremes of fhe
bridge ranges,
Mounting: Aluminum cabinet, with captive cover.
Dimensions: 7% x 1234 x 1214 including handle.
Weight: 17 pounds.

Code Ward | Price

1650-A | Impedance Bridge ..............cvvevvvunnniiieeiraereennnnns

PATENT NOTICE See notes ) oand 19, page x

* Extermal DC Supply required for 19 acourncy above 100 ki

t External ae and de sunrees can alsa be psed

BATON l $440.00

(Left) Bridge holds firmly in tilted position at any angle, or in vertical position.
(Right) Completely enclosed cabinet protects bridge when not in use, or when carried.

TYPE 1650-P1 TEST JIG

This test-)ig adaptor provides a way lo
connect components quickly Lo a pair of termi-
nals, which can be placed on the bench directly
in front of the operator. Thus, the test jig
and 1650-A Bridge make a rapid and efficient
component sorting device when the panel
meter of the 1650-A is used as a limit indicator.

The test jig makes a three-terminal connec-
tion to the bridge, so that the residual zero
capacitance is negligible. The lead resistance
(0.08 ohm total) has effect only when very
low impedances are measured, and the lead
capacitance effects only the measurement of
the @ of inductors, introducing a small error
in D (or (1! ) of less than 0.007,

Type | | Code Word | Price
1650-P1| TestJig -..ovuveenenn..l | $19.00

LOCAL

Test jig makes 3-
terminal connec-
tion to the Tyre
1650-A Impedance
Bridge. It can be
placed directly in
front of operator
for efficient and
rapid connection
and measurement
of components,

25
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TYPE 1605-A IMPEDANCE COMPARATOR

ACCURATE AND VERSATILE ON THE PRODUCTION

IN THE

USES: Typical uses for this highly precise in-
strument include:
» Rapid testing, sorting, and matching of
precision components, etched boards, sub-
assemblies and complex networks, either
manually or in combination with automatic
sorting equipment.
» Measuring the effects of time, tempera-
ture, humidity, and pressure on components,
with high precision and continuous indication.
» Rapid test for tracking of ganged potenti-
ometers and variable capacitors.
» [Frequency characteristics of components.
» Easy comparison of quantities usually re-
quiring laboratory techniques, such as:

Impedance difference to 0.01%,

D of low-loss dielectric materials

D of Inductors

@ or phase angle of wire-wound resistors

or potentiometers.
Balance of transformer windings

DESCRIPTION: This completely self-contained
impedance comparator indicates directly on
two panel meters the difference in impedance
and phase angle between a pair of elements
connected to its terminals. Three highly de-
sirable characteristics not usually obtained
together are combined in this unique instru-
ment:

—high accuracy

—high speed

—wide ranges of impedance and frequency

26

LINE AND

LABORATORY

As a resull, not only does it bring laboratory
accuracy to production-line inspection, bul,
conversely, it brings the speed of the produc-
tion test to measurements in the laboratory.

The basic eircuit of the comparator is a
bridge circuit, with the unknown and stand-
ard impedances serving as two of the bridge
arms and the halves of a center-tapped trans-
former secondary winding serving as the other
two arms. An internal RC oscillator driving
the transformer primary winding provides
frequencies at 100 ¢, 1 ke, 10 ke, and 100 ke.
The bridge unbalance voltage, resulting from
inequality of standard and unknown imped-
ances, is separated into in-phase and out-of-

Block schematic of the Type 1605-A Impedance

Comparator,
BRIDGE TRANS ————e” L
1 GUARD T
o L K- LE
3 CATHODE SIGNAL
=gl B o= i
v v UK,
o]
=
% REF
AMP
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phase components, which are amplified and
indicated directly by two meters reading, re-
spectively, impedance magnitude difference
in per cent and phase-angle difference in
radians.

The transformer is especially designed to
have as high a degree of coupling as possible
between the Lwo halves of its secondary wind-
ing. The coeflicient of coupling achieved is
greater than 0.9997, and Lhe open-circuit
voltages of the two halves are balanced to
within 1 part in 10° This makes possible
measurement of differences as low as 0.019,
and minimizes the loading effect of external
impedances on the bridge transformer.

An unusual type of cathode-follower circuit
provides a very high input impedance for the
bridge detector and also a guard terminal.
This shield makes possible the measurement
of high impedances at a distance from the
mstrument, as in an environmental test
chamber.

For operating external selector circuits,
meter voltages are available at the rear of the
instrument; a plug connector is supplied.

Calibration can quickly be checked at any
time by means of a simple built-in network.
FEATURES:

» High-speed meter indication: No balane-
ing operation required.

» Wide frequency range: 100 eycles to 100
ke.

» High accuracy: measurements to 0.019,
» Versatile: compares impedances of any
phase angle.

» Wide impedance range: 2 ohms to 20 meg-
ohms

» (Compares both magnitude and phase angle
simultaneously

» Guard point available

» Completely self conlained

» Meter lerminals are brought out al rear
for operation of automatic selection devices
or recorder

SPECIFICATIONS

tmpedance Ranges: Resistance or impedance magnitude:
24 to 20 MQ. Capacitance: 40 pul to 500 wf; to 0.1 uuf
with reduced sensitivity. Inductance: 20 gh to 10,000 h.
lnl‘u('!;ul Oscillator Frequencies: 100 ¢, 1 ke, 10 ke, 100 ke: all
=30,

Meter Ranges: lmpedance Magnitude Difference: 0,89,
=1%,. =3%, =109% full scale. (Can be adjusted for
maximum of 50%,) Phase Angle Difference: =0.003,

- |

The built-in guard circuit permits the use of long
leads from Comparator to sample inside condition-
ing chamber, as shown above.

Type |

(.01, =0.08, +=0.1 radian full scale: (equal to dissipa-
tion factor on lowest ranges).

Accuracy of Difference Readings: 3%, of full scale; i.e., for Lhe
=(),3%, impedance-difference scale, accuracy is 0.0009,
of the impedance magnitude being measured.

Voltage Across Standard and Unik approx. 0.3 volts
Accessories Supplied: T'yre CAP-85 Power Cord, telephone
plug, external-meter plug, adaptor plate assembly (fits
panel terminals) and spare fuses.

Tube Complement: 1-5651 &12A'T7
1-3731 3-6U8
3-12AX7 1-6AS7G
+-6ALS 1-3A10

1-VEG5A1
Power Supply: 105 Lo 125 (or 210 Lo 250) volts, 50 to 60
eycles: about 100 watls inpul al 115 volts. Instrument
will operate satisfactorily on power-supply [requencies
up to 400 eyeles, provided that the supply voltage is at
least 115 volts,

Power inpul receptacle will accept either 2-wire (Typr
CAP-35) or 8-wire (Type CAP-15) power cord. Two-wire
cord is supplied. For 8-wire, see page 237,

Mounting: Relay-rack panel wirL cabinet; Type 1605-AR
has fittings to permil either instrument or eabinet to be
removed from rack withoul disturbing the other; Type
1605-AM has end supports for table or bench use.
Dimensions: Panel 18 x 8% inches: depth behind panel,
12 inches.

Net Weight: 2015 pounds.

| Code Word | Price

1605-AR
1605-AM

PATENT NOTICE. See Note 4, page x

GIPSY 790.00

Impedance Comparator (relay-rack mounting)........ | GUNNY | $790.00
Impedance Comparator (bench mounting) ............

For a complete discussion of this instrument and its circuil see General Radio Exrperimenter for April, 1956,

Models with ranges of 0.1%, or less are available on special order.

27
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USES: This remarkable bridge can easily be balanced for
any impedance connected to its lenmnnl«. from short
gircuit to open cireuit, real or imaginary, positive or
negalive. Thus it can make not only the usual routine
measurements bul can also solve many difficult problems
beyond the capabilities of other measuring instruments.
Clearly, such versatility belongs in any laboratory where
electrical impedance measurements are made. A few of
this instrument's manifold applications are:

» Checking or identifying R, L, and (' components, or
any arbitrary combinations of them.

» Reactance-resistance curves for electro-acoustic trans-
ducers, such as loudspeakers, microphones, magnetic
recorder heads.

» Open- and short-circuit measurements on transformers
to determine leakage reactance, sell and mutual induc-
tance, and coefficient of coupling.

» Frequency characteristies of electrolylic capacitors.

» Measuring resonances of inductors and transformers.
» Complex mput, output, uml charaeteristic impedances
of filters and other transmission networks.

# Transistor input and output impedance.

#» Conductivity of liquids.
» In electro-chemical research, data for circular are
plots of solids or liquids having lossy polarizations,

» Negative resistance of aclive cireuits, such as feed-
back loops.

DESCRIPTION: The Typr 1003-A Z-Y Bridge measures
directly lhv quadrature components of a complex im-
pedance Z = R + jX, or a complex admittance ¥ =
G + jB. I.uw impedances are measured in terms of series
R and X, while high impedances, i.e., low admittances,
are measured in terms of parallel ¢ and B. With over-
lapping R and X ranges from 0 to =1050 ohms and

28

TYPE 1603-A

Z-Y BRIDGE

A UNIVERSAL
AUDIO-FREQUENCY

INSTRUMENT

G and B ranges from 0 to = 1050 micromhos, any value of
unknown can be balanced as either an impedance or an
admittance.*

The basic cireuit is the familiar resistance-capacitance
bridge, but a substitulion lechnique is employed where-
by an initial balance, without the unknown element, i
followed by a final balance with the unknown in the
circuit. The difference in setting of the controls between
these two balances measures the complex components of
the unknown.

In the simplified circuit shown, the series rheostats
provide the R balance for impedance and the B balance
for admittance, while the parallel rheostats provide the
@ balance for admittance and the X balance for imped-
ance. B and G readings are independent of [requency,
while X and B readings are direct al any of three
reference frequencies-100 ¢, 1 ke, and 10 ke as selected
by a switch thal changes certain bridge components. Al
frequencies other than these three, X and B readings
must be, respectively, divided and multiplied by the
ratio

(operating frequency)  f

(reference frequency ) fo

The details of the controls and switching have been
worked out to provide the utmost in convenience of
operation. The unknown element is always connected to
a single pair of lerminals, and a main selector switch
connects il internally for either impedance or admittance
measurement and disconnects il during the initial bal-
ance. The final balance controls need nol be set to zero
for initial balance, because the main selector switch
inserts fixed resistors in their place equal to the value

*For 4 more detailed deseription eonsull  Genernl Radio  Experimenter
for July. 1835, A reprint is weailable

File Courtesy of GRWiki.org
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they would have when set to read zero. This is a con-
venient feature in making frequency runs on the un-
known.

The reference-frequency switch may be used as a
multiplier for the X and B ranges by setling il to a
value other than nearest the actual operating frequency.
For measurement of very low impedances or admit-
tances, the functions of the wide-range final balance con-
trols and the narrow-range initial balance controls may
be interchanged, and, to allow this use, the initial bal-
ance controls have accurately calibrated dials with about
15%, the range of the main dials and with the lower
range of Lheir scales expanded.

By selection of detector connections, one can measure
(1) the grounded, (2) the direct, or (3) the total delta

value, balanced or unbalanced, of the unknown element
—a valuable ability not possessed by most other instru-
ments.

FEATURES:

» Will balance for any unknown regardless of magni-
tude or phase angle.

» Switching and controls provide fast, convenient
operation.

» 19, accuracy.

» Covers entire audio frequency range.

» Reads directly in ohms or micromhos.

» Can measure grounded, direct, or balanced imped-
ances or admittances.

SPECIFICATIONS

Frequency Range: 20 cycles to 20 ke.
Impedance and Admittance Range: — = to +«, If Lhe ab-
solule resistance is less than 1000 ohms and the absolute

reactance is less than 1000 £ ohms, the unknown is

measured as an impedance. If the absolute conductance
is less than 1000 micromhos and the absolute suscep-

tance is less than 1000 -}' micromhos, the unknown is
(]

measured as an admittance. Under certain limited con-
ditions, a choice of Z or ¥ measurements is possible.

Accuracy: For real component, R or G: =(19, +[2 ohms
or 2 micromhos]) for the main dials; components of
less than about 100 ohms (or 100 micromhos) can be
measured on the auxiliary dials within =(19,+[0.2
ohm or 0.2 micromho]). For imaginary component,

o !
XorB: =(19, + [2% ohm nrfl micmmho] ) for the

main dials;

Type |

=(19, + [(].2{; ohm or O.in micromhu]) for the

auxiliary dials. To obtain this accuracy in the measure-
ment of small quadrature components at the higher
frequencies, correction data, supplied in the operating
instructions, must be applied. The absolule measure-
ments of X and B, but not R and G, involves the fre-
quency error of Lthe exciting generator.

Maximum Applied Voltage: 130 volts rms on bridge, giv-
ing less than 32 volts on unknown.

Accessories Required: A calibrated oscillator or other suit-
able a-¢ generator, and a null detector. The Tyre 1210-C
Unit Oscillator (page 110) and the Type 1212-A Unit
Null Detector, (page 63) are recommended.

Accessories Supplied: 2 Type 274-NP Shielded Cables. for
connections to generator and detector. .
Mounting: Aluminum cabinet and panel. Crackle finish.
Carrying handle provided.

Dimensions: Pnne'|: (Width) 1216 x (height) 135 «x
(depth) 8% inches, over-all.

Net Weight: 2114 pounds.

| Code Word |  Price

FGOK . AT T YIRS cconnssvismiivarinsiionis oiabatiihsiotuctattl)|  IATIR

Elementary schematic diagram of the Tyee 1603-A
Z-Y Bridge.

G 8 X BALANGE

R B8 BALANGE

YoR <. CONTROLS

| $370.00

Reactance vs resistance for a t}kical loud speaker:

data taken with Type 1603-A Z-Y Bridge.
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TYPE 1606-A RADIO-FREQUENCY BRIDGE

FOR THE MEASUREMENT OF ANTENNAS,

LINES, NETWORKS

AND COMPONENTS FROM 400 KC TO 60MC

USES: The Type 1606-A Radio-Frequency
Bridge measures impedances simply and ac-
curately at frequencies from 400 ke to 60 Mec.
It measures directly the resistance and re-
actance of antennas, transmission lines, net-
works, and components. Although designed
primarily for measuring the low values of im-
pedance most often encountered in r-f devices,
its range can be extended by means of an ex-
ternal parallel capacitor so as to measure high
impedances, such as tuned circuits.

DESCRIPTION: The bridge circuit used is

Ca
Ry Ri
O
@y DET.
Cp
UNKNOWN
=
30

shown schematically in the diagram below.
Measurements are made by a series-substitu-
tion method. The components of the unknown
impedance are determined from the change in
settings of capacitors C; and ('p. The un-
known reactance al 1 Me is read directly in
ohms from the dial of €', and the unknown
resistance in ohms from the dial of C,.

In making measurements the bridge is first
balanced by means of capacitors €', and €
with a short-circuit across the unknown ter-
minals. The short is then removed, the un-
known impedance connected, and the bridge
rebalanced. The resistance is then given by
R =R (Cra—Cu)

- T 1 C.

N

and the reactance by

; 1 1 1
“": B o Y
w ( (’I“i ('l‘l )

where the subscripts 1 and 2 denote the dial
readings for the initial and final balances
respectively.

The resistive component is measured in
terms of a fized resistor (Ry), a fixed capacitor
(Cy), and a variable capacitor (C,). This
feature is an important factor in the high-
frequency performance of the bridge because
residual parameters can be made much smaller
in a fixed resistor and a variable capacitor

| File Courtesy of GRWiki.org
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than in a variable resistor.

The Tyee 1606-A Bridge incorporates sev-
eral important new advances in bridge design.
A single, internal bridge transformer, used to
couple an external generator to the bridge
circuit, covers the entire 150:1 f{requency
range of the instrument while its triple shield-
ing keeps undesired couplings to an insignif-
icant level. A new type of variable air capaci-
tor, having very low losses and inductance, is
used for the reactance balances and the initial
resistance balance. In this capacitor the com-
plete rotor and stator sections are milled out
of solid blocks of aluminum, a construction
that avoids losses at the joints between plates
and spacers and provides the utmost stability.
Finally, the entire mechanical design is such
that the instrument can operate under difficult
environmental conditions similar to those spec-
ified for testing military electronics equip-
ment, which makes the Typr 1606-A Bridge
an excellent instrument for portable field use.

FEATURES:

» High accuracy and reliability

» [ast, simple operation

» Wide frequency range

» Measures most impedances directly

200 500

150 . o

100 / 500

RESISTANCE IN OHMS
REACTANCE IN OHMS

50 / / iooo

———“""/

Q 1500
2 5 L[] 20

FREQUENCY IN Mc

Reactance and resistance of an antenna system
measured with the Radio-Frequency Bridge.

» Small, light, and rugged for field use—
carrying case available

» Initial balance controls have locks to pre-
vent accidental movement.
» Represents the best,

epre most  progressive
practice in bridge design.

SPECIFICATIONS

Frequency Range: 400 ke to 60 Me.
Reactance Range: =50000 at | Mc. This range varies in-
versely as the frequency: and at other frequencies the
dial reading must be divided by the frequency in mega-
eycles.
Resistance Range: () (o 10000,
Accuracy: For reactance at frequencies up to 50 Me,
=(29, + 1Q + 0.0008 x R x f), where R is the measured
resistance in ohms and f is the frequency in Me.

For resistance, at frequencies up to 50 Me,

R 104 X
= | 1% 0.0024%(1 a——— g | ———— 0.
[ o + (1 + w(m) % 7 Q + m]
subject to correction for residual parameters. R is the
measured resistance in ohms, X is the measured react-
ance in ohms, and f is the frequency in Mec. At high fre-
quencies, the correction depends upon the frequency and
magnitude of the unknown resistance component. A
chart from which the correction can be determined is
given in Lhe instruction book supplied with the bridge.

Satisfactory operation can be obtained at frequencies
as low as 100 ke and somewhal above 60 Mc with not
quite as good accuracy as indicated above. The f* term is
important only at frequencies above 10 Me. The 1/f term
is important only at very low frequencies when the resist-
ance of a high-reactance, low-loss capacitor is measured.
Terminals: Generator and detector terminals are Type 874

Coaxial Connectors. Adaptors to all commonly used co-
axial connectors are available (see page 58).

Accessories Supplied: Two leads of different Ienﬁihs for
connecting the unknown impedance to the bridge ter-
minals, one %4 spacer and one 34", 6-32 screw for
mounting components directly on the bridge terminals,
two Type 874-R22 Coaxial Cables for connecting the
generator and detector, and one Type 874-PB58 Panel
Connector.

Other Accessories Required: Radio-frequency generator and
detector, The Tyre 1330-A Bridge Oscillator and the
Tyee 1211-B Unit Oscillator are satisfactory generators,
as are the Tyee 1001-A and the Tyre 805-C Standard-
Signal Generators. At frequencies above 50 Mc a Tyre
1215-B Unit Oscillator or a Type 1021-AV Standard-
Signal Generator is recommended. See pages 90-115.

A well-shielded communications receiver covering the
desired frequency range makes a satisfactory detector.
It is recommended that the receiver be fitted with the
Tyre 874-PB58 Panel Connector or other coaxial con-
nector to avoid leakage at the inpul connection,
Mounting: Welded aluminum cabinet supplied. A luggage-
type carrying case is available separately and is recom-
mended if the bridge is to be used as a portable field
instrument.

Dimensions: 1214 x 914 x 10)4 inches, over-all.
Net Weight: 23 pounds withoul earrying case; 29 pounds
with carrying case.

Type | |  Code Word | Price
1606-A Radio Frequency Bridge™ .........cccvieiiiiiiiiiinnnnnns CIGAR $620.00
1606-P1 Luggage-type Carrying Case .........ccoveiiiniineacnnns BILLY 17.50

*PATENT NOTICE. See Noles % and 12, page x

25| File Courtesy of GRWiki.org 3 ]
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USES: The Type 916-AL Bridge measures
impedances quickly and accurately at fre-
quencies from 50 ke to 5 Me. It measures
directly the resistance and reactance of an-
tennas, transmission lines, networks, and
components. Although designed primarily for
measuring the low values of impedance most
often encountered in its frequency range, its
impedance range can be extended by means
of an external parallel capacitor so as to
measure high impedances, such as tuned
circuits.

TYPE 916-Al
RADIO-FREQUENCY

BRIDGE

FOR THE MEASUREMENT OF ANTENNAS,
LINES, NETWORKS AND COMPONENTS
AT FREQUENCIES FROM
50 KC TO 5 MC

DESCRIPTION: The circuit is similar to that of
the Type 1606-A R-F Bridge used at higher
frequencies (see page 30). Two transformers
are used to cover the entire frequency range,
the lower limit of which can be extended
down to 15 ke for many measurements.

FEATURES:

» High accuracy and reliability

» Fast, simple operation

» Measures most impedances directly

» Suitable for field use

» AX Dial permits measurement of large
capacitances and small inductances

SPECIFICATIONS

Frequency Range: 50 ke to 5 Me. Satisfactory operation
for many measurements can be obtained al frequencies
as low as 15 ke

Reactance Range: ==11,000Q at 100 ke. This range varies
inversely as the frequency, and at other frequencies the
dial readings must be divided by the frequency in hun-
dreds of kilocyeles. To [facilitale the measurement of
small reactances, the instrument is provided with an
incremental reactance dial which has a range of 100
ohms at 100 ke,

Resistance Range: () Lo 10008,

Accuracy: For reactance at frequencies up to 8 Me,

00
}T Q + S5h2R x 10-°G) where R

= (20, + 0.2 X
is Lhe measured resistance in ohms and fie is the fre-
quency in kiloeyeles. The errors in reactance increase
relatively rapidly at frequencies above 8 Me; and at 5 Me
the accuracy is =(29 + 0.01Q 4+ 2.8 R'* x 10-%Q),
For resistance, al frequencies up to & Me, =(1%, +
0.19Q), subject to correction for residual parameters al
low frequencies. The correction depends upon the fre-
quency and upon the magnitude of the unknown react-

ance component. A plot of this correction is given in
the instruction book supplied with the bridge.
Accessories Supplied: Two input transformers, one cover-
ing the lower portion of the frequency range, the other
the higher portion; two leads of different lengths (for
connecting the unknown impedance): two 874-R22 Co-
axial Cables for connecting generalor and detector;: one
Tyre 874-PB58 Panel Connector.

Other Accessories Required: Radio-frequency generalor and
detector. The Tyre 1830-A Bridge Oscillator and the
Tyre 1211-B Unit Oscillator are satisfactory generators
as are the Tyee 1001-A and the Tyee 805-C Standard
Signal Generators. A well-shielded radio receiver cover-
ing the desired frequency range makes a satisfaclory
detector. 11 is recommended thal the receiver be fitted
with the Tyre 874-PB38 Panel Connector supplied (o
avoid leakage at the inpul eonneclion.

Mounting: Airplane-luggage Lype case with carrying
handle. Both input transformers are stored inside the
case. Coaxial cables, leads, and instruction book are
stored in the cover of the instrument when not in use.
Dimensions: 17 x 1315 x 1144 inches, over-all.

Net Weight: 3414 pounds.

| Code Word | Priee

Type |
916-Al
PATENT NOTICE. See Notes 4 and 12, page x.
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| Radio-Frequency Bridge (50 ke to 5 Mc)........cceuvven. |

cuuck | $620.00
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TYPE 1601-A

USES: The Typr 1601-A V-H-F Bridge is de-
signed for the direcl measurement of relatively
low impedances al frequencies between 10
and 165 megacycles. Tt will measure high im-
pedances indirectly. Among its applications
are measurements on antennas, lines, nel-
works, and components. It is particularly
well adapled for the accurate measurement
of 50 ohm coaxial systems, and is supplied
with a coaxial adaptor to fit the bridge un-
known terminal. For measurements on com-
ponents and other lumped impedances, a pair
of terminals (one grounded) or a single ter-
minal with ground plane are provided.
DESCRIPTION: The measurement is made by
a series substitution method using the same
basic bridge ecircuit as the Type 1606-A
Radio-Frequency Bridge (see page 30). The
resislive and reactive components of the un-
known impedance are measured in terms of
incremental capacitances, and the magnitude
of each is indicated on a separate dial. Cali-
brations are in ohms resistance and in ohms
reactance al 100 megacycles.

Particular attention has been paid to the
design of the bridge transformer and of the
terminal structure to which the unknown
impedance is connected, in order that the
bridge be direct-reading, with a minimum of
corrections.

V-H-F BRIDGE

FEATURES:

» This bridge is as convenienl to use as
those operating at much lower frequencies.
» Terminal arrangement permits both co-
axial and lumped circuits to be measured.

» Bridge is small enough and light enough
to permil its use in locations such as antenna
towers which would be inaccessible to heavier
equipment.

» Accuracy is better than that obtainable
with other methods at these frequencies.

» Dials are direct-reading in both resistance
and reactance.

SPECIFICATIONS

Frequency Range: 11l Mo to 165 Me. Satisfactory opera-
tion can, for some measurements, be oblained al fre-
quencies as low as 2 Me and as high as 175 Me.
Reactance Range: =200 ophms at 100 Me. Dial range
varies inversely with frequency and is calibrated al
100 Me

Resistance Range: () (0
quency.

Accuracy: ['or resistunce, =297 + 1 @) subject lo cor-
rechion for inductance in the capacilor used (o measure
resistance. "The correction inereases with frequency and
with the magnitude of the resistive component. A cor-
reclion chart is supplied with the instrument. The ohmic
uncerlainly indicated in the aceuracy statemenl, namely
1 ohm, is roughly proportional to the magnitude of the
reactive componenl of the unknown impedance. The
indicated value is the maximum obtainable, and the
minimum is (.1 ohm.

For reactunce, = (59, + 2 Q). The ohmie uncertainty
is roughly proporlional to frequency and to the magni-
tude of the resistive component. The maximum value is
indicated, and the minimum value is 0.1 ohm at 100 Me,
Accessories Supplied: T'wo T'yre 874-R22 Cubles; one
Type 1601-204 Coaxial Extension Assembly: one Tyee

200 ohms, independent of  fre-

874-WN Shorl-Cireuit Termination; one Short-Cireuil-
ing Cap; one Type 874-PB58 Panel Connector; Smith
Charls.

Other Accessories Required: R-I' generator and receiver
covering the desired frequency range: Types 1208-B,
1215-B, and 1330-A Oscillators are recommended, de-
pending on frequeney range (see pages 108-115). Al fre-
quencies above 40 Me, the Tyer DNT-1 or -2 Detector
(page 64) is a satisfactory receiver. Both oscillator and
receiver should be reasonably well shielded. It is recom-
mended that the receiver be fitted with the Tyre 874-PB
anel Connector supplied to avoid leakage al the inpul
connection.

Additional A ies R Tyre 874-WM
50-ohm Termination is useful in checking the bridge ad-
justments. The generator and deteclor terminals are
Tyre 874 Coaxial Connectors. Adaptors for connection
to the various types of military connectors and Lo
V-H-F and U-H-F rigid transmission lines are listed on
page 58. An additional adapter will be needed when co-
axial systems lo be measured are fitled with military
conneclors.

Dimensions: (Length) 1815 x (height) 9 x
inches, over-all

Aail A

(depth) 101y
Net Weight: 18 pounds.

Type | | CodeWord |  Price
1601-A VeHE BAGBOTT ccvurivhnssintvunss emmarssmpramsipimranensve § HORA $520.00
874-WM 50-Ohm Termination® .........cooveiiverenerrsersssnesses | COAXMEETER 15.00

PATENT NOTICE. *See Note 4, page 8. T8¢ Note 12, page x
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TYPE 1602-B U-H-F
ADMITTANCE METER

A UNIQUE INSTRUMENT FOR

UHF-VHF ADMITTANCE AND

IMPEDANCE MEASUREMENT
40 TO 1500 MC

USES: The Admittance Meter is a null-type
instrument for determining Lhe components
of an unknown admittance in the VHF-UHF
range. It is designed primarily for measure-
ments on coaxial systems: antennas, lines,
coaxial components, ete. It can be used as an
indicator for adjusting a network to a prede-
termined admittance or for matching one net-
work to another and is particularly useful in
matching antennas and other networks to
50-ohm circuits.

As a comparator, the Admittance Meter
can be used to determine impedance magni-
tude, reflection-coefficient magnitude, and
voltage standing-wave ratio.

The usefulness of the Admittance Meter is
greatly enhanced by Lhe many accessories
available for use with it. Among these are:

The Tyer 874-LK20 Constant Impedance
Adjustable line (page 51), which can be set to
one-half wavelength to eliminate corrections
for the length of transmission line between
the unknown and the measuring point. When
the line is set to one-quarter wavelength, the
Admittance Meter dials read directly in im-
pedance parameters, i.e., the series resistance
and reactance of Lthe unknown.

The Tyre 874-UB Balun (page 50), for
use in measuring balanced impedances, such
'?s TV receiving antennas and transmission
ines.

34

The Type 874-M Component Mount (page
55), which provides a convenient means of
connecting lumped elements (resistors, capaci-
tors, or inductors) to the Admittance Meter
for measurement.

Adaptors (page 58) for all commonly used
types of military connectors.

Adaptors (page 58) for Rigid VHF and
UHF transmission lines used with TV trans-
mitting antennas. With these adaptors and
the adjustable line mentioned above, the over-
all accuracy of measurement is more than
adequate for antenna measurements in design,
test, and installation.

DESCRIPTION: The Tyre 1602-B Admittance
Meter comprises a coaxial line to which the
unknown is connected, a shielded pickup loop
to sample the current, a second line and loop
terminated in a pure resistance, and a third
line and loop terminated in a pure reactance.
All are fed from the same voltage source, so
that their input voltages are in phase, and
the current in each line is proportional to the
admittance. The voltage induced in each loop
is proportional to the current in the cor-
responding line and is dependent upon the
orientation of the loop, which is adjustable,

The three loops are connected in parallel,
and the voltage from the loop in the unknown
line is canceled by adjusting the loops coupled
to the standard lines until a null is reached.

File Courtesy of GRWiki.org
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Admittance Meter set up with component mount and
adjustable line to measure resistors at 50 megacycles.

The conductance and susceptance of the un-
known are read directly from the scales of the

standard loops, while the scale of the loop in
the unknown line indicates. multiplying factor.

FEATURES:

» Dial scales are direct-reading, independent
of frequency.

» No sliding balance; real and reactive ad-
justments are independent.

» No initial balance is necessary.

» Wide-frequency range— direct-reading from
40 to 1500 megacycles; can be used at fre-
quencies as low as 20 Me.

» Covers completely both V-H-I" and U-H-F
television bands.

» Accurale, rapid and easy to use.

» ('an be used with Type DNT Detector to
measure VSWR directly by a simple ratio
method.

SPECIFICATIONS

Range: T'heoretically, zero to infinity: practically, the
lower limil is determined by the smallest readable incre-
ment on the seale which is 100 micromhos (0.1 millimho).
The upper limit is 1000 millimhos. Range is the same for
both conductance and susceptance, bul susceplance cun
be either positive or negative, i.e., the susceplance dial is
calibrated from -20 to 420 millimhos. Multiplying fac-
lors from 1 Lo 20 are provided, and factors from 20 (o
100 ean be determined approximaltely.
Frequency Range: 400 Lo 1500 Me, direct-reading. Range
cun be extended downward to 20 Me, if a frequency
correction is applied to the susceplance reading.
Accuracy: For both conductance and susceplance (up to
1000 Me):
from 0 to 20 millimhos = (3%, +0.2 millimho)
from 20 1o = millimhos =(8vM%, + 0.2 millimho)
where M is the scale multiplying factor. Above 1000
Me, errors increase slightly, and, al 1500 Me, the
basic figure of 8%, in the expression above becomes
§%. For malching impedances to 50 ohms, the accu-
racy is 37, up to 1500 Mc.
Accessories Supplied: One Tyee 1602-P4 50-2 Termina-
tion, for use as conductance standard, and one Tyre
1602-'1 Adjustable Stub and one Tyee 1602-PS Vari-
able Air Capucitor, for susceptance standards; Lwo
Type 874-R22 Pateh Cords for connections to genera-
tor and detector; and one Type 874-PB58 Panel Con-
nector for installation on detector. A wooden storage
case is furnished.
Additional Accessories Required: Generator and delector.
Generator should cover desired frequency range and
deliver between 1 volt and 10 volts. Tyee 1208-B (65 (o
a00 Me), Tyee 1215-B (50 to 250 Me), Tyee 1209-B
(250 to 920 Me) and Tyee 1218-A (900 to 2000 Me)
Unit Oscillators (see page 114), are recommended. The
Tyer 1021-A17 and AV Standard-Signal Generators are
also satisfactory.

Type |

Detector sensitivity should be better than 10 miecro-
volls. Tyre DNT Detectors (page 64) are recommended.
Other Accessories Availoble: Coaxial adaptors (page 58);
line stretcher (page 51); balun (page 48); and compo-
nenl mount (page 55): Smith charls (page 240).

Terminals: All lerminals are Typre 874 Coaxial Con-
nectors. Adaptors are available for other coaxial systems
(page 58).

Dimensions: 715 x 4619 x 514 inches, without standards
and unknown connected,

Net Weight: 814 pounds.

Schematic diagram of admittance meter circuit,
with standards, generator, and null detector con-
nected for admittance measurements,

N
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| Code Word | Price

1602-B

PATENT NOTICE.  See Note 4, page x,

| U-H-F Admittance Meter ..........oevvrereereieesesnerens |

HONEY | $295.00

(page 46).

OTHER COAXIAL IMPEDANCE-MEASURING DEVICES: Tyre 1607-A Transfer Function Meter
(page 36): Type 874-LBA Slotted Line (page 43): Tyre 874-LM Dielectric Measuring Line
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USES: The Transfer-Function and Immittance*
Bridge is an entirely new, null-type instru-
ment for very-high and ultra-high-frequency
measurement of the forward and reverse
transfer functions and the input and output
impedances and admittances of 4-terminal
electrical networks. Measurements may be
made on either active devices, such as tran-
sistors and vacuum tubes, or passive devices,
such as filters and attenuators. In addition,
the impedance or admittance of two-terminal
circuits or components can be easily measured.

This unique device uses a new method
of measurement. It is simple Lo operate, and
results are indicated directly in terms of
the real and imaginary components of the
quanlily tested. When used to test Lransis-
tors, the Transfer-Function and Immittance
Bridge will measure characteristics that are
not measurable with conventional transistor
lesters.

This basic measuring tool is indispensable
to any laboratory engaged in vhf or uhl meas-
urements. A few examples of the measure-
ments thal can be made are:

*Lmittanee » impedance and/or admiltanee

36

TYPE 1607-A TRANSFER-FUNCTION
AND IMMITTANCE BRIDGE

Instrument with Transfer-Function Indicator
mounted in place-lmmittance Indicator for 2-ter-
minal measurements is shown separately in front.

Transistors—
short-circuit current ratio (e, 8, h;)
open-circuil voltage feedback factor
hybrid inpul impedance (k)
hybrid output admittance (k,)

Vacuum Tubes—
open-circuil voltage gain
transadmittance
feedback admittance
inpul admiltance
outpul admittance

General 2-terminal or 4-terminal Networks—
forward and reverse transadmittance
forward and reverse transimpedance
forward and reverse transfer current ratio
forward and reverse transfer voltage ratio
input and output impedance
input and output admittance

Ungrounded Components—
inductors-inductance and self-resonances
capacitors-capacitance and resonances
resistors-resistance and shunt capacitance

File Courtesy of GRWiki.org
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Components, Coaxial Lines, and Other
Grounded Elements
admittance
impedance
reflection coefficient and VSWR

DESCRIPTION: The Type 1607-A Transfer
Function and Immittance Bridge comprises
three identical loops driven in parallel by an
external generator and coupled, respectively,
to three coaxial lines. Each loop can be ro-
tated independently of the others, so as to
vary its coupling to its associaled line, and
has a calibrated scale. The currents in all
three loops are equal in magnitude and phase.

The network to be tested and two stand-
ards, one resistive and the other reactive, are
energized through the loop couplings. The
resulting three currents are combined in an
external null detector, which indicales when
the currents all cancel. The in-phase current
from the resistive standard cancels the real
componenl of current from the unknown, and
the quadrature current from the reactive
standard cancels the imaginary component of
current from the unknown.

Two interchangeable loop- and-scale assem-
blies, (Transfer-Function Indicator and Im-
mittance Indicator, respectively) allow either
four-terminal or two-terminal networks to be
measured with equal ease.

To connect unknown networks properly to
the current-comparing circuil, two constant-
impedance, adjustable-length, “trombone”
lines are built into the instrument. These lines
can be adjusted to different combinations of

Instrument storage box with accessories supplied,

including low-frequency extension unit with lines

and ecables, rejection filter for local oscillator,
standards, ete,

odd or even multiples of a quarter wavelength
as required by the type of function to be
measured. Adjustment range is sufficient for
any type of measurement above 300 Me, and
the low-frequency extension lines of several
lengths supplied can be quickly plugged into
place for measurements down to 25 Me.

The resistive and reactive standards are, re-
spectively, a matched 50-ohm resistance ter-
mination and an adjustable stub or capacitor.

FEATURES:

» A versatile, high-frequency measuring tool
—measures practically any network, active or
passive

» Provides complete analysis of transistors,
tubes, and two-terminal and four-terminal
networks, active and passive

» Wide frequency range—25 Lo 1500 Me.

Plot of alpha versus frequency for a 1957 experi-
mental, high-frequency transistor supplied by Bell

Telephone Laboratories (Grounded base connection).
002
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Transistor mounts available for making reproducible
measurements on transistors having JSEF C-30 base
arrangement. Tyee 1607-P101 grounds the base lead;
Tyre 1607-P102 grounds the emitter lead and both
have removable, oscillation-damping reniator.. Spring

holds transistor firmly in pl and gr case,
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Dial calibrations of Transfer-Function
Indicator (left) and Immittance Indicator (right).

» Direct-reading
» Suitable both for laboratory measurements
and for routine production measurements

IMMIT

IND

SERIAL N(

» Component mounts available for
monly used Lransistors and tubes
» Built-in provisions for d-c¢ biasing.

com-

SPECIFICATIONS

Frequency Range: 25 to 1500 Me, with reduced accuracy
above 1000 Me and when flexible cable is used in the
lines. The use of this cable is required al frequencies be-
low 150 Me and is optional at other frequencies.
Measurement Range: Accuracy: (up to 1000 Me)
Voltage and Current

Ratios . =

(R) 0-30
Z.‘l o N3
50) v + 1.25 ohms
8" Line
:TV )B!' %120 mmhe
Extetnal
/ i) Detector
5.5
| IS

Transimpedance (7,,) 25( 1 +
0-1500 ohms

L]
: Eg ~luM 1
~
LQ . .
Network Input™ Line
- 1 length s n A/4, n»aven
GyrOmmho Fg*TIuMpT, L' Er~luM, 1 oteps
(] \ : !E o o UL of odd Integer \ 7 4
| —{

Transadmittance ( };
0-600 mmbhos

u~.'..'»<l + )m )', + 0.5 mmho
:’.3(! + ‘\/_7:')’, + 1.0 ohm
+)

Admittance ( 1], ¥, E
0-400 mmhos 20 + 0.4 mmho

D-C Bias: Terminals are provided for introducing d-c bias

Impedance (Z,,)
0-1000 ohms

from external sources. Maximum bias current, 100 ma;
maximum bias voltage, 400 volts.
Accessories Supplied: Range-Extension Unil; Transfer-

Immittance Indicator; 6 termina-
10-db at-
tenuator; 8 air lines (21.5 and 43 em); 3 U-line sections;
constant-impedance adjustable line; a special tee; 10
patch cords; carrying case with storage space for instru-

Funetion Indicalor;
tions (open, short, matched, ete.); standards;

menl and accessories.

“6" Line

(\2

!-

L
4
2z

/

- ok

o
€
e
F
-
o

[ -

L b
Exvernci
\'\"‘oncmnlm = =
S~ Network Outpul”™ Line
] lengih s nyA/a, ny s wven or odd
4 Integer (n net clwoys equel to i

Schematic diagram of r-f circuits of the Transfer-
Function and Immittance Bridge.

Required: Generator, detector, and mount for
unknown device. Unit Oscillators (p. 114) and Tyee DNT
Detectors (p. 64) are recommended. For coaxial adap-
tors see . 58, See below for mounts available.

Other Accessories Available: Tyre 1607-P101 Transistor
Mount for JETEC-30 base arrangement, grounded base.
Tyee 1607-P102 Transistor Mount for JETEC-30 base
arrangement, grounded emitter. Type 1607-P201 Tube
Mount, 7-pin miniature grounded-cathode, for GAF4,
6AF4A, and other tubes with same connections.

Case: The instrument, with accessories, is mounted in a
wooden carrying and storage case.

Dimensions: case — 1114 x 1415 x 40 inches

Net Weight: 63 pounds.

Type 1 Code Word ) Price
1607-A Transfer Function and Immittance Bridge ............. | HYyDRrA $1665.00
1607-P101 Transistor Mount (JETEC-30, grounded base) ........ | TRANSMOUNT 60.00
1607-P102 Transistor Mount (JETEC-30, grounded emitter) ..... | ToricMounT 60.00
1607-P201 Tube Mount, 7-pin miniature, grounded cathode.... | TuBEsSMOUNT 75.00

PATENT NOTICE. See note 4, page x
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TYPE 1661-A
VACUUM-TUBE
BRIDGE

USES: The Tyee 1661-A Vacuum-Tube Bridge
makes possible the measurement of Lhe low-
frequency dynamic coefficients of vacuum tubes
and transistors over very wide ranges of values
and under a wide variety of operating
conditions.

For vacuum tubes, independent, direct-read-
ing measurements of forward and reverse voll-
age-amplification factor, resistance, and trans-
conductance can be made quickly and easily.

For transistor applications, within the range
and sensitivity of the bridge one can determine
the short-circuit conductance parameters in-
cluding the h; hybrid parameter and the for-
ward- and reverse-voltage ratios including the
h, hybrid parameter. The hy, o, and g factors
can be determined from the ratio of two con-
ductance measurements. Other open-circuit
parameters can be caleulated from the short-
circuit parameters. In some cases they can be
measured directly under effective open-circuit
conditions if careful external shielding is pro-
vided where required.

Although not intended for the service-test-
ing of tubes and transistors, the vacuum-tube
bridge i1s more than adequate for the rugged
job of production testing, and it is a most
accurate device for evaluating tube coeffi-
cients and most transistor low-frequency pa-
rameters.

In development and research, this instru-
ment affords a means of studying the behavior
of tubes and transistors used in unconventional

and special circuits, where any one of the elec-
trodes may be used as the control electrode
and where Lhe parameters may have negative
values.

The circuits have large enough current-carry-
ing capacity and sufficient insulation so that
transmitting tubes can be tested, in addition
to receiving tubes and transistors.
DESCRIPTION: The bridge makes use of alter-
nating-current null methods of measurement,
in which phase-shift and capacitance errors
have been given special consideration in order
that the operating range of the bridge may be
as wide as possible. Each of the three co-
efficients is obtained in terms of the ratio of
two alternating test voltages. A third volt-
age is employed in the capacitance balancing
circuit, but its value does nol enter into the
results.

An extremely flexible arrangement of the con-
trol circuits makes it possible to measure the
resistance, voltage ratio, and transconductance
parameters referred to any pair of electrodes.
Connections from the tube or transistor under
test Lo the measuring ecircuit are made by
means of coaxial cables and jacks connected to
a nine-terminal jack plate mounted on the
panel. Unused cables can be secured to or
grounded to the panel. Sixteen coaxial plugs
are mounted on the panel, permitting a wide
variety ol interconnections between the jack
plate, the measuring ecircuit, and external
power supplies.
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Twelve adaptor plates for plugging in tubes
and transistors (see specifications) are pro-
vided.

In this latest version of the Vacuum-Tube
Bridge, selection of either of two internal
resistance standards permits operation al a
bridge ratio that yields improved sensitivity
at the resistance and transconductance ex-
tremes.

A swiltch permits the independent testing
of both sections of two-section tubes without
Lthe need for reconnecting patch cords.

Self-bias resistors can be connected for
either single- or two-section tubes.

The operating frequency can be 270-400
cycles or 1000 cyeles.

FEATURES:

» A simple and straightforward measure-
ment procedure is used and is exactly the same
for all three coefficients. At balance, the
quanlity being measured is indicated directly
to three figures by bridge dial settings.

» Independent measurements of the three
main tube parameters are possible, i.e., none of
the balances depends in any way on any other,
» Negalive values of the coefficients can be
measured as readily as positive values.

» The transconductance of a tube having a
high value of grid-to-plate capacitance can be
measured without error from this capacitance.
» Low-frequency parameters of transistors
can be measured.

STANDARD
RESISTANCE

CAPAGITANCE
BALANCE

. DECMAL
W TENUATOR
="

Simplified diagram of the circuit employed for the measurement of
transconductance with the Tyre 1661-A Vacuum-Tube Bridge. The a-c
plate current resulting from the application of e, to the grid is balanced
by an equal and opposite current applied to the plate from the source
e, through the standard resistance, The setting of the decimal attenu-
ator at the bottom of the panel gives the significant figures in the result,
and the settings of the step attenuators (e, and e,) indicate multiplying
factors (muLtieLy by and piviog 8y on the panel switches).

Any quadrature component through the output transformer resulting
from the tube interelectrode capacitances can be balanced out by the
voltage of the extra split secondary, acting through the double-stator
capacitor. This balance does not affect the balance conditions for the in-

088,

i

p components and consequently has no effect on the measurement.

The points of introduction of the test voltages ¢, and e, are changed
by a switch when the other coefficients are measured. Another switch
reverses the polarity of ¢; when negative values of the coefficients are to be
measured.

SPECIFICATIONS

Range: Amplification factor (), 0.001 Lo 10,000,

Dynamic internal plate resistance (r,), 50 ohms lo
20 megohms.

Transconductance (g,,), 0.02 to 50,000 micromhos.

Under proper conditions, the ahove ranges can be
exceeded. The various parameters can also be measured
with respect to various elements, such as screen grids,
ete. Negative as well as positive values can be measured.
Accuracy: Within = 297, for resistances (ry switeh posi-
tion) from 1000 to 1,000,000 ohms. Al lower and higher
values the error increases.

The expression p = ryg, will check 1o = 29, when
the quantities are all measured by the bridge, and
when r, is between 1000 and 1,000,000 ohms.

Tube and Transistor Mounting: Adaptors are provided for
3- and 4-lead transistors (including JETEC 30} and for
tubes of 4-pin, 5-pin, 6-pin, small 7-pin, large 7-pin,
octal, loctal, miniature button 7-pin, miniature button
O-pin (noval), acorn (5 and 7-pin), Hat-press sub-mini-
ature up to 7 wires, and 8-wire sub-minar. In addition,
u universal adaptor, with nine soldering lugs, is provided
so that unbased transistors, unmounted tubes, or tubes
wilh non-standard bases, can be measured conveniently.
For short-lead sub-miniature tubes and for transistors,
sockets are supplied which can be mounted on the uni-
versal adaptor. Thus all standard commercial receiving

Type |

tubes and (ransistors can be measured. The panel jack
plate and the adaplors are made of low-loss (natural)
phenolic, reducing to a minimum the shunting effect
of dielectric losses on the dynamic resistance being
measured.

Current ond Voltage Ratings: Maximum allowable plate
current, 400 ma; maximum plate voltage, 1500 volls,
Electrode Voltage Supply: Batieries or other suitable power
supplies are necessary for providing the various vnilag&q
required by the device under test.

Bridge Source: Tyrr 1214-E Oscillalor is recommended.
Null Detector: The Tyre 1212-A Unit Null Detector with the
Tyere 1951-E Filter is recommended (see pages 61 to 64).
Accessories Supplied: Adaplors as listed above, all neces-
sary plug-in leads, and shielded pateh cords for conneeting
generalor and deteclor.

Mounting: The instrument is mounted in a hardwood cabinet.
A wooden storage case is provided for the adaptors and
leads. Storage space is provided for a spare Universal
adaptor, on which any type of sockel can be permanently
mounted,

Dimensions: (Length) 18l x (width) 153
11 inches.

Net Weight: T'vre 1661-A weighs 40 pounds. The acces-
sories supplied and the accessory box weigh 14 pounds.

x (height)

| Code Word | Price

1661-A
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| Vacuum-Tube Bridge ..........c.ccviererreinninceeenannnns |

BEIGE | $975.00
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COAXIAL INSTRUMENTS AND COMPONENTS

Figure 1. (left) A
view of Tyre 874
CoaxialConnector.
Figure 2. (right)
Cross  section of
two conneclors
plugged together.

@

The Type 874 Coaxial Elements are a
group of precision-built, but inexpensive, co-
axial parts that ecan be plugged together
quickly and easily to assemble different meas-
uring systems in the frequeney range from de
to 5000 megacycles.

This complete and integrated line of meas-
uring equipment is extremely well suited for
performing the essential measurements in the
development, test, and operation of vhf and
uhf equipment including radar, television,
military communication, and navigation sys-
tems.

The basic instruments are (1) a slotted line
for impedance and standing-wave-ratio meas-
urements, with optional motor drive for auto-
matic operation; (2) a slotted line designed

for voltage measurements; (4) a crystal mixer
for frequency conversion and use with an i-f
amplifier as a heterodyne detector; and (5) a
balun for measurements on balanced-line sys-
tems. Two other coaxial instruments for im-
pedance and admittance measurements on
two- and four-terminal networks, the Admit-
tance Meter and the Transfer-Funetion and
Immittance Bridge, are listed on pages 34
to 38.

These basic devices are supplemented by
all the necessary accessory parts — attenuators,
filters, stubs, terminations, lines, and patch
cords — as listed in the index below.

The keystone of the entire system is the
Tyee 874 Coaxial Connector. This unique
connector, any two of which, although identical,
can be plugged together, is specifically designed
for use on coaxial measuring equipment. Its

Figure 3. VSWR of
a typical Tyee 874

especially for dielectric measurements on solid Coaxidl . Chnsieo.
malerials; (3) a crystal rectifier and indicator s tor.
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COAXIAL

Figure 4. Cutaway view of basic connector joined
with cable connector.

quick-connect-and-disconnect feature simpli-
fies the assembly of coaxial elements into
complete measurement setups, and its reflec-
tions at ultra-high frequencies are so low that
they can usually be neglected (see Figure 3).

The basic elements of the Type 874 Coaxial
Connector are an inner conductor, an outer
conductor, and a supporting polystyrene bead.
Figure 1 shows the open end of one of these
connectors. The inner and outer conductors
are similar in principle; each is essentially a
tube with four longitudinal slots in the end
and with two opposite quadrants displaced
inward. To make a joint, two connectors are
plugged together so that the undisplaced
quadrants of one connector overlap the dis-
placed quadrants of the other. Figure 2 is a
cross-section sketch of a joint in which the
elemenls of one connector are shaded dark
and those of the other light. The mutual over-
lapping can be seen, as well as the resultant
circularity of the joined conductors.

Figure 4 is a cutaway view of two connec-
tors, one attached to a cable, the other to a
rigid line.

A minimum of parts is necessary to assem-
ble any given setup, since all connectors are
identical, eliminating the need for both male
and female connectors. For connection to de-
vices equipped with other types of connectors,
a complete line of low-reflection adaptors to
military-type cable and rigid-line connectors
1s available.

These adaptors, (page 58) are useful not
only for connection to UG and other connec-
tors, such as Types N, C, HN, LC, SC, TNC,
LT, and BNC bul also provide a means of
interconnections belween any two of these
types. Figure 5 shows how a Type 874-QCP
and a Type 874-QNJ can be used to connect
between a Type C jack and a Tyre N plug.

The low standing-wave ratio of these adap-
tors is shown on page 58. Note that the
plotted VSWR is the total of two Tyre 874
joints plus the one UG joint.

In the assembly of Tyre 874 Coaxial Ele-
ments into specific measurement systems, the
Tyre 874-Z Stands offer a convenient means
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Figure 5. Tvre 874-QCP and a Tyee B874-QN]J
Adaptors plugged together. This assembly will
connect a Tvee C jack to a Tyee N plug.

of holding the assembly rigid (see Figure 6).
To prevent connectors from pulling apart
during circuit adjustments, the Type 874-Y
Cliplock is recommended.

To work with coaxial instruments, every
laboratory needs a reliable detector system.
The Type DNT Detectors, incorporating a
coaxial mixer and a 80-Mc i-f amplifier are
designed for dependable performance, sensi-
tivity, and linearity. They can be used as null
detectors, voltmelers, signal-strength meters,
gain and loss meters, and crosstalk meters.
For a complete description, see page 64.

By means of the Tyee 874-UB Balun and
the Tyepe 874-UB-P3 Balun Terminal Pad, a
50-ohm signal generator with grounded out-
put can be converted to 300-ohm balanced
output.

The Type 874-M Component Mount pro-
vides a ready means of evaluating the charac-
teristics of resistors, capacitors, and inductors
at high frequencies. It makes possible meas-
urements under known, repeatable conditions
and can be used with the Tyre 874-LBA
Slotted Line, the Tyre 1602-B UHF Admit-
tance Meter, and the Type 1607-A Transfer-
Funection and Immittance Bridge.

Figure 6. Tvre 874-Z Stands used to provide support
for elements of a coaxial system.
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TYPE 874-LBA SLOTTED LINE

=il
[

View of Tyre 874-LBA Slotted Line with Type 874-LV Micrometer Vernier.

USES: One of the most important basic meas-
uring instruments used at UHF is the slotted
line. With it, the standing-wave pattern of Lhe
electric field in a coaxial transmission line can
be measured, from which the standing-wave
ratio, phase of the reflected wave, impedance
of the load, wavelength of the r-f signal, losses
in altached elements, degree of mismatch be-
tween load and line, and other characteristics
of antennas, components, coaxial elements
and networks can be determined.

With the Typr 874-MD Slotted-Line Motor
Drive, standing-wave patterns can be dis-
played and measured directly on an oscillo-
scope, with a greal increase in speed of meas-
urement.

DESCRIPTION: The slotted line is a 50-ohm,
air dielectric, coaxial transmission line, whose
electric field is sampled by a probe that pro-
jects through a longitudinal slot in the line.
Probe coupling is adjustable. The probe car-
riage is driven positively by an arrangement
of pulleys and nylon cord, conveniently op-
erated from the end of the line, which permits
very precise settings. A source of r-f power of
about one milliwatl is adequate for most

measurements. Suitable generators are listed
on the next page.

A crystal rectifier is buill inlo the carriage
and can be tuned to the operaling frequency
with an adjustable stub. The erystal output
can be used to deflect a microammeter, or, il
the driving oscillator is modulated, to operate
an audio amplifier. Another excellent detector
is a heterodyne type with a erystal mixer and
i-f amplifier. All three types are described on
the next page.

The Tyre 874-LV Micrometer Vernier Atl-
tachment makes possible very precise meas-
urements of high standing-wave ralios by the
width-of-minimum method.

FEATURES:

» Well designed, precisely constructed, highly
accurale.

» Moderately priced

» (Can be motor driven for rapid, automatic
measurements.

» Self-cleaning and lubricating

» Wide variety of accessory units available
(see following pages)

» Low-reflection adaptors are available for
other types of coaxial connectors.

SPECIFICATIONS

Ch istic | d 50 ohms =19,

Probe Travel: 50 cm, scale calibrated in millimeters.

Secale Accuracy: == (0.1 mm + 0.057,)

Frequency Range; 3000 to 5000 Me; ('J!w.ruliun below 300
Me is possible by use of lengths of Tyre 874 Air Lines.
Accuracy: Constancy of probe penetration, =115 9,
Residual VSWR: Less than 1.025 at 1000 Me, less than 1.07
al 4000 Me.

Accessories Supplied: Storage box and spare drive cable.
Accessories Required: Adjustable Stub (Tyer 874-D20) for
tuning the erystal rectifier when audio-frequency detector
or microammeter is used; suitable detector and generator

Type |

(see page 44); one each Tyee 874-R22 Flexible Line and
Tyre H?‘i-R.‘M Pateh Cord for generator and detector
conneclions,

Accessories Available: See index on preceding page. A com-
plete kit of Typr 874 Coaxial elements including the
slotted line is described on page 47. For measurement
of high VSWR (greater than 10), a Tyer 874-LV Mi-
crometer Vernier is recommended. For rapid measure-
ments, use the Type 874-MD Slotted-Line Motor Drive,
Smith Charls listed on page 241,

Dimensions: 26 x 415 x 314 inches over-all.

Net Weight: 8149 pounds.

Price

Code Word |

874-LBA

| SIoMEd LiNe.......cevuueeeeeerenneneesessaessesasessesessssass COAXRUNNER | $220.00
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SLOTTED-LINE ACCESSORIES

MICROMETER VERNIER ATTACHMENT

For use in the measurement of high standing-wave
ratios by the width-of-minimum method. Consists of a
micromeler head, calibrated in centimeters (graduated
to 0,001 em), mounted on an arm that can be attached
to the rear base rod of the slotted line. One turn of the
micrometer barrel advances the head by 0.5 millimeter.

Maximum range 1s 2 em. Can be read o = 0.0002 em.
See pholograph on page 43.
Type | | Price
874-lV | Micrometer Vernier Attachment ...| $25.00
(Code Word: coAXREADER)

FILTERS

A low-pass filter should be used belween generalor
and slotted line to eliminate harmonics of the signal
source. Filter cut-off should be chosen to pass funda-
mental, bul not harmonies. See page 58 for complete
specifications.

Type | Cut-off Frequency | Price
874-F185 L e R | $25.50
B874-F500 SO0 MELL o Saiaketsieasnieisanv i iy 16.00
874-F1000 | 1000 Me ..ic.iciaviivsiisnsosines 14.00
874-F2000 | 2000 M€ .. ccvnviarninaisannsoans 14.00
874-F4000 | 4000 Mc ..... R R T R veseesl 1400

GENERATORS

The following generalors are recommended: (Tyre
1021-AU" or AV Standard Signal Generators are also
satisfactory)

See
Type I Page | Price
1215-B | Unit Oscillator, 50-250 Mec....... 114 [$190.00
1208-B | Unit Oscillator, 65-500 Mc...... .| 114 | 210.00

1209-B | Unit Oscillator, 250-920 Mc ....| 114 | 245.00
1218-A | Unit Oscillator, 900-2000 Mc ...| 114 | 465.00
1220-A | Unit Oscillator, 2700-7425 Mc..| 116 ¢

* Price depends upon frequency, see page 116

If a modulated signal is desired, the Tyre 1214-A Unit
Oscillator for sine waves and the Tyre 1210-C Unit Os-
cillator are recommended to supply the modulating signal.

These unit oscillators do not include power supply;
the Type 1203-B Unit Power Supply is recommended for
general use. Where line voltage is subject to frequent
variations, the Type 1201-B Unil Regulated Power Sup-
ply should be used.

DETECTORS

AUDIO AMPLIFIER AND BUILT-IN
CRYSTAL RECTIFIER

This detector has adequate sensitivily and shielding
and covers the complete frequency range. A low-pass
filter is recommended. Requires modulated oscillator.

HETERODYNE DETECTOR

More sensitive linear detector for this and other labor-
alory uses. First cost is higher than audio amplifier
(above) bul range of application is large. Best, general-
purpose, uhf detector. See page 64,

MICROAMMETER AND BUILT-IN CRYSTAL

Simple, but sensitivity is low. Can be used satisfactorily
with high power oscillators. Excellenl results have been
obtained with a 50 g a meter and oscillator power be-
tween 100 mw and 20 walls for VSWR's between 1 and 5.
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See
Type Page | Price
1203-B | Unit Power Supply. ............. 143 | $40.00
1201-B | Unit Regulated Power Supply ... 143 85.00
See
Type Page | Price
1214-A | Unit Osdillator. . ....... iz $75.00
1210-C | Unit R-C Oscillator. . 180.00
See
Type Page | Price
1231-BM* 61 |[$260.00
1231-P2 |Filter........ G A s A 62 38.00
1231-P4 | Adjustable Attenvator ........ 62 70.00
874-D20 IStub ............ e ceei 53 14.00
Total for Tyre 1231-BM and accessories ......... 82.00
* Battery-operated maodel, An a-e operated model is alsa available:

Type | | Price
DNT-1 A0 SBO M), v ssie e vipunevanias 26.00
DNT-3 R0 I09FOME ;oo vsisvisivesnsione 659.00

B70 10 30 Mt <o icaivvnness 879.00

TUp to 5000 Me by use of harmonies

Tuning stub is required. Meter sensitivity control con-
sisting of a 10 kQ variable shunl resistor is recommended.

Type | | Price
874020 |20 em S ... nenicnnnasovnssnis 1$14.00
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TYPE 874-MD SLOTTED LINE MOTOR DRIVE

FOR RAPID MEASUREMENTS

USES: The motor drive provides an automatic cyelic
sweep of the probe carriage along the Typr 874-LBA
Slotted Line, so that the standing-wave paltern can be
displayed on a cathode-ray oscilloscope. The resultant
speeding-up of the measuremenl process saves valuable
engineering time in the laboratory and makes il pos-
sible to utilize the inherent accuracy of slotted-line
methods in production testing. Both VSWR and posi-
tion of minimum can be read directly from the scope
pattern. At lower sweeping speeds a VSWR meter
mdication can be used.

OF VSWR AND IMPEDANCE

DESCRIPTION: The driving molor attaches easily Lo the
right-hand end of the slotted line and drives the probe
carriage by means of a V-belt and a pulley that replaces
the control knob on the slotted line. The pulley is
equipped with a knob, so that manual operation is also
possible. A synchronized horizontal-sweep vollage i
generaled by a linear sweep polentiomeler that atlaches
to the back of the qlulle(r line, with a sliding contact
element attached to the carriage. Switches, mounted
on movable brackets, determine the travel of the car-
riage and provide the reversing control. The motor-

control circuits are housed in a separate ecabinet,
connected to the slotted-line assembly by plug-in
cables.

The entire unit can be installed on the slotted line in
less than 5 minutes.
FEATURES:
» Saves lime,
» Makes possible highly accurate direct-reading VSWR
measurements.
» Adjustable sweep SPHd and sweep length.
» Can be used with VSWR meter al slow speeds.
» Oscilloscope grid overlay provided for direct indica-
tion of VSWR.

Typical standing-wave
pattern obtained when
generator s uare-
wave modulated. The
direct-reading scales are
on transparent overlays
mounted on the face
of the oscilloscope tube.

SPECIFICATIONS

Length of Sweep: Adjustable, | em to 47 cm.

Sweep Speed Range: For complete sweep (47 em), from
one sweep in 20 seconds to better than 1 per second;
for shurler sweeps to 5 per second.

Net Weight: 1634 pounds.

Other Equipment Reguired: (ne Tyre 874-G10 Fixed Al-
lenuator, one 30- k‘1uhm resistor. generator and detector
as listed below:

M. Hori | Sweep Voltage: 7 volts. T Code Word | Pri
A::monu Supplied: Cables for connections; elampin ype_| - ord | Price
circuil; 5- mcrlpl oscilloscope mask with VSWR S(I'.Jaieg; 874-MD* | Slotted-Line Motor Drive | . Sromy $295.00
two Patch Cords; spare subminiature switch; spare actu- 874-G10 | Fixed Attenuator (10db) | coaxsrLLER|  30.00
ator; spare cushioned sliding conlact; spare fuses. *For 210 to 250-voll service, 50 Lo 60 eyeles, order Tyre §74-
Powaer Supply: 105 to 125 volts, 50 Lo 60 cycles. MDQI18; Code Word, storvieren Price, 842000,
Frequency Detector *
Method Generator Range Modulator Arrangement
Square-Wave | Tyee 1218-A Unit Oscillator 900-2000 Me | Tyee 1210-B Unit Oscillator Oscilloscope
Modulation Tyee 1220-A Unit Klystron 2700-7450 Me | None (10 mv/in. d-c.
Oseillator sensilivily)
Sine-Wave Tyee 1208-B Unit Oscillator 65-500 Me | Tyee 1214-A Unit Oscillator Oseilloscope T
Modulation Tyer 1209-B Unit Oscillator 250-920 Me or (0.1v in. d-¢
Tyee 1218-A Unit Oseillator 900-2000 Me | Tyee 1210-B Unit Oscillator sensilivity), or
; Tyre 1231-B Amp.
and Null Del.
Unmodulated | Tyee 1208-B Unit Oscillator 65-500 Me None
Source Tyre 1209-B Unit Oscillator 250-920 Me Oseilloscope T
Tyer 1218-A Unit Oscillator H00-2000 Me (10 mv/in. d-¢
Tyer 1220-A Unit Klystron 2700-7450 Me sensitivity)
Oseillator

* Alternatively, one of the Tyre DNT Detectors {page 65) will
t A high-persistence vscilloscope sereen (P7 Phospor) is recommended

I|lm\'|dl' u linear, as contrasted with s square-law, oscilloscope display

E File Courtesy of GRWiki.org
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The Dielectric Measuring Line with Unit Oscillator
and DNT Detector.

TYPE 874-LM DIELECTRIC MEASURING LINE

USES: This newly developed slotled line is used to
measure, by a simplified method, the dielectric constant
and loss of solid dielectric materials in the frequency range
from 200 to 5000 Me, With the Type 874-LM Dielectric
Measuring Line, high frequency dielectric measure-
ments are as simple as low frequency measuremenls with
an ordinary bridge.

The range of measurement covers most ordinarily used
dielectric materials. The dissipation-factor range, 0 to
0.05, includes such low-loss materials as polystyrene and
Teflon and the higher-loss malerials of most commonly
used insulators. The dielectric-constant range, 1 to 10,
extends from vacuum (or air) Lo steatite, pnrwlum. glass,
and most of the commonly used plastics. The accuracy
of this instrument makes il suitable for laboratory meas-
urements, while its speed and simplicity of operation make
it suitable for routine, production-type measurements.

DESCRIPTION: The Tyre 874-LM Dieleciric Measuring
Line is effectively a slotted line and sample holder as one
integral unit. The line has silver-overlaid inner and outer
conductors to minimize line losses and permil measure-
ments on very low-loss materials. The line is sufficiently
long to accommodate eylindrical samples up to 45 centi-
meters in length. The sample is inserted fush with the

SPECIFI
Frequency Range: Minimum, 200 Me: Maximum, 5000
v K
) . -
Me or —!w,% Me, whichever is the smaller.
V

Measurement Ronges and Accuracies:  Dicleciric Constanl
(K) =29 for values of K between 1 and 10; Dissipation
Factor (D) (59, + 0.0001) for values of (D) belween
0 and 0.05,

Sample: Cylindrical: O.D., 0561 inches; LD., 0.250
inches: length depends upon dielectric constant and fre-
quency; long samples can be made up of a number of short
sections, Maximum length, 45 em,

Type

end of the line inner conductor and a movable probe is
used Lo locate a vollage minimum on the air-filled section
of line near the inner face of the sample. Dielectric con-
stant is obtained from the sample length, voltage mini-
mum position, and frequency, while the dissipation factor
is obtained from a measurement of the width of the voltage
minimum,

In the simplified method either the sample length or the
frequency is adjusted Lo make the electrical length of the
sample approximately an odd multiple of a quarter-wave-
length.

A micromeler vernier is included lo facilitate ac-
curate measurement of the width of the standing-wave
minimum.

For a complete description, see General Radio Experi-
menter, 32, 12, May, 1958.

FEATURES:

» High accuracy

» Wide range of measurement
» Wide frequency range

» Simple procedure

» Low cost

» Samples are easily machined

CATIONS

Maxi Operating T 756" C,

Micrometer Scale: Can be read o 0.0002 cm

Accessories Supplied: Tyre 874-LV Micrometer Vernier.
Tools to facilitate insertion and removal of dielectric
samples.

Additional Accessories Required: Generator and detector;
Unit Oscillators (p. 114) with Type 1201-B Unit Regu-
lated Power Supply, and Tyre DNT Detectors (p. 64)
respectively, are recommended. One Tyee 874-G6 6-db
Pad and one Type 874-G3 8-db Pad. Tyer 874-F Filters
for the frequency ruugv used are also recommended.
Dimensions: 26 x 414 x 314 inches, over-all.

Weight: 914 pounds.

| Code Waord | Price

874-LM
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Dielectric Measuring Line............c..ccecevvsneeennneenns| COAXFACTOR | $400.00
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COAXIAL KITS

TYPE 874-EK BASIC SLOTTED LINE KIT

For impedance and standing-wave measure- is available as the Tyrr 874-EK Basic Slotted
ments with the slotted line, a group of coaxial Line kit. Generator and detector are not in-
elements as listed below has been selected and cluded (see page 44).

Type Name Quantity Unit Price Price
874-A2 Comdial Caltle: ;. ; inisirascasmsasasiainaessssiraa 25 feet, $27.00/100 feet $ 6.75
874-B Bosie. CONNECIOR .« caavvivinin visibesisuississisvis s 2 1.25 2.50
874-C Cable Connector ...... L Ao Ll S 2 2.00 4.00
874-C8 Cable Connector . . i i siviiividisvainaysads v 2 2.00 4.00
874-D20 Adjustable Stub......... PN Al LR 1 14.00 14.00
874-D50 AUGHaBIB SR oo v v s s T AT 1 14.00 14.00
874-LA ARROME RN = s 055,565 A s E AR APIN SO T 1 17.50 17.50
874-1BA S R A ORGSR e e NS 1 220.00 220.00
874-P PSSl CORIEERON v via.xn o mm b sinm's s min plomiam amnies 2 2.90 5.80
B874-QNJ Adaptorto Trre NJack .......o.ovvuuns SN S e 1 3.75 3.75
874-QNP Adaptor 1o Tyre NPIUG . ...oeveverneernannineanannns 1 4.50 4.50
874-R20 Flexible Line (Patch Cord) . ........ccoivuvniiinnnns Sen 2 6.50 13.00
874-R34 Pateh Cordis s sviciisnclnssinisanbes icsiomid e rseas 1 5.50 5.50
874-T OB 0o sa s eae s G PR B LI RO R e ) P A 1 .00 9.00
874-WM Matched (50 ohm) Termination............c.ocvune. 1 15.00 15.00
874-WN Short-Circuit Termination . ..., ..ovviineuneranss D 1 2.50 2.50
874-WO Open-Circuvit Termination . 3 1 1.75 1.75
B74-Z L e e o " 1 17.50 17.50
TOTAL Trre 874-EK Basic Coaxial Kit ...... B BRI E S e o AP AL s R RSB B $361.05

KITS FOR THE MEASUREMENT
OF CABLE CHARACTERISTICS

The Tyre 874 Coaxial Elements used in con-
junction with General Radio Unil Instruments
and associated equipment are very well suited
to the measurement of the attenuation, char-
acteristic impedance, velocity of propagation,
and capacitance of both coaxial and twin-
conductor cables. For convenience in ordering,
the necessary equipment is available in com-
binations for specific types of measurement.

These kils and their use are described in Re-
print No. E-104, entitled “The Measurement
of Cable Characteristics”. Write for a copy.
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TYPE 874-UB BALUN AND ACCESSORIES

USES: The Tyrr 874-UB Balun is a tuned, coaxial transformer that makes possible meas-
urements on balanced devices with generally available coaxial and grounded measuring
equipment. With the Tyre 874-LBA Slotted Line or the Type 1602-B Admittance Meter,
it permits balanced measurements on 200-ohm balanced components from 54 to 1000 Mc
without appreciable insertion loss or transformation error. With the Admittance Meter and
the Tyre 874-LK Constant-Impedance Adjustable Line, the Admittance Meter will read
balanced impedance directly. With the 874-UB-P3 300-ohm Terminal Pad, the 50-ohm co-
axial output from a signal generator such as the Tyre 1021-A can be converted into a 800-
ohm balanced output, or a 50-ohm coaxial load (or detector) can be converted into a 300-ohm

Balun with tuning ele-
ments and stand (not
included in price).

SPECIFICATIONS

Frequency Range: 54 Lo 1000 Me with proper accessories as
listed at right.

Accessories Supplied: One Type 874-UB-P1 300-0 Terminal;
one Typr 874-WNS Short-Circuit Termination; one Type
874-WO8 Open-Circuit Termination.

Other A ies R ded: One Tvre 874-LK20 Con-
stant-Impedance Adjustable Line (for use with the Tyre
1602-B Admittance Meter), one Tyre 874-Z Stand, appro-
priate tuning elements and accessories as listed at right.

load Lo provide o matehed termination to a 300-ohm line.

DESCRIPTION: The balun makes the balanced-to-unbalanced conversion accurately by using
a tunable artificial (or loaded) half-wave line. 1t is adjusted for proper operation al a par-
ticular frequency by means of shunt tuning elements as listed below. 'IE:

not supplied with the Tyre 874-UB Balun but should be ordered separately.

ese elements are

Tuning Elements Required for Various Frequency Ranges:
Frequency Range
470 to 1000 Me
350 to 525 Me
275 to 880 Me

Acecessory Equipment
2-TyrE 874-D20
2 T'yre 874-D20 and 2-Tyer 874-L10
2-Tyre: 874-D20 and 2-Tyre 874-1.20

225 to 280 Me 2-Type 874-D20 and 2-Type 874-1.30
170 to 280 Me 2-Tyrr 874-D50 and 2-Typre 874-1L30
174 to 216 Me 2-Tyre 874-VC and 2-Tyre 874-L10
140 to 174 Mc 2-Tyrr 874-VC and 2-T'yre 874-120
88 to 140 Me 2-Type 874-VC and 2-Tyrr 874-1.30
54to B8 Me 2-Tyre 874-VC and 2-Tyrr 874-XL

Type Code Word Price
874-UB PR IN st Mo des v E e Sy o sl vl B s s SR e LA R et COAXYBALUN $75.00
874-D20 Adijustable Stub (20 em.) . ...ooviviininn.n .v.| COAXTUBBER 14.00
874-D50 Adjustable SIub (50 €m,) ccocvoivivrionorseeronisossrrisassnsesnes COAXBIGOGER 14.00
874-L10 SO0 Alr Line (V0-enh) oo e cvisnimuinisansinvsinsaesnbraosossapns ...| COAXDECKER 5.50
874-L20 S0 AIR Une A 20 em.) oo i siaiiiicisiiTisnind e s e e e e COAXVENTER 6.00
B874-130 SOJUAIr Unet I emn) i o intasnsdiadespinoninneis saeeansss s s COAXTRIPLY 6.50
874-VC Nardable Captthtor .o i dusibissamssassasibos s seriavenss snssssds COAXYFARAD 50.00
874-XL SerIng IUEIOP, o avicsis viziimnionassins Sospsrsasssssrsssnsress COAXDUCTOR 11.00
874-UB-P4 Adaptor (Balun to Twinax Connector) .........c.vvevvierenienannns COAXTWINNY 50.00

Type 874-UB-P2
200-Ohm
Terminal Unit

Connects the balun to a balanced network whose im-
pedance is to be measured at its own terminals. The 4:1
impedance transformation in the balun converts the 200-
ohm balanced line to a 50-ohm coaxial line, hence the

Type 874-UB-P3 300-Ohm Terminal Pad

1

L] [ 1]
s | [ | |
=2k | (S [ = Y S, [+, S
2 Pam e
DA T I T

L 2060 400 €00 806 1000

FREQUENCY-Mc

Converts to 300 ohms the 200-0hm balanced outpul
impedance produced from a 50-ohm unbalanced source by
the balun. This pad facilitates power and voltage meas-
urements on balanced systems, with signal generators,
delectors, ete., designed for use with 50-ohm coaxial
cirenils.

Type |

Code Word | Net Weight | Price

200-ohm balanced line can be Lreated as an extension of
the 50-ohm line of the measuring device.
Characteristic Imped 200 ohms.
Frequency Range: d-¢ to 1000 Mc.
R ded T ission Line: RG-86G, |7,
VSWR: < 1.2 to 300 Me; <1.3 to 1000 Me.
Type |  Code Word | Net Weight | Price
874-UB-P2 | coaxrermer | | $6.50

| ounce

Type 874-BM 300-Ohm Balanced Termination
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FREGUENC Y-Mc
A useful element to facilitate balanced line measure-
menlts.
D-C Resistance: 300 ohms = 57
Frequency Range: (1 1001 Me.
VSWR: < 1.2 to H00 M.

Type |  Code Word | Net Weight | Price

874-UB-P3 | coaxruceer 2ounces | $15.00
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874-BM I COAXLOADER | 115 ounces I $9.00

File Courtesy of GRWiki.org



COAXIAL

FILTERS

Type 874-F Low-Pass Filters

Reduction of harmonies from a uhf generator by filters
is usually necessary for best measurement results, partic-
ularly if a syslem contains voltmeters, non-linear ele-
ments, or sections thal mighl resonate al a harmonic
frequvncy. or if high standing-wave ratios are to be meas-

0

LOW-PASS

ured using a slotted line. These filters are of the Tsche-
byscheff type.
Accuracy of Cut-off Frequencies; —07,, + 107,

Type | | Net Weight | Physical Length | Code Word | Price
874-F185 |185 Mc Low Pass Filter. .. 14 oz. 1754 in. COAXRUFFER | $25.50
874-F500 |500 Mc Low Pass Filter. .. 8 oz. 10%,4 in. COAXDIPPER | 16.00
874-F1000| 1000 Mc Low Pass Filter. . 6 oz. 7l in. COAXMEGGER| 14.00
874-F2000 | 2000 Mc Low Pass Filter. . 5 0z. 434 in. coaxpusuEr| 14.00
874-F4000 | 4000 Mc Low Pass Filter, . 40z 274 in. coaxLENDER| 14.00
Type 874-FR1 . W,
e AT A
-FR2, -FR3 [

Rejection Filters
it ,IIVIE

These rejection filters are specifically intended for use
with other General Radio equipment in the measurement
of harmonics of vhi television transmilters in accordance
with FCC speeifications. A booklel describing the meas-
urement procedure is available on request. Each filter
consists of a simple, series-resonant L-C circuil in shunt
with a short section of 40-ohm coaxial line. The capacitor
is adjustable (screwdriver setling) Lo vary the resonant
frequency. A pair of units must be nsed for TV frans-
mitter harmonic measurement, henee they are priced in
pairs in the table below:

FLYRSS TUNED TO DM |

RESPONSE dh

N0 05
FREQUENG Y-Mc

Response curve of a pair of Tyre 874-FR3 Rejection
Filters with the Tyee 874-MR Mixer Rectifier.

Upper Freg.
For TV Min. Fund. Rej. Tuning Lamit of Flat
Type Channel of Pair Range Pass Band Net Weight Code Word Price
874-FR1 2,3,4 60 db 54-90 Mc 740 Mc 10 0z. COAXROUTER | $70.00/pair
874-FR2 56 60 db 76-135 Mc 900 Mc 10 oz. COAXRINGER | 70.00/pair
874-FR3 7 thru 13 60 db 130-216 Mc 1300 Mc 10 oz. COAXROCKER | 70,00/ pair

TYPE 874-MR MIXER RECTIFIER

DESCRIPTION: The Mixer Rectifier is used as a frequency
converter, and in combination with the Type 1216-A Unit
I-F Amplifier* it forms a universal uhf-vhf heterodyne
detector for the laboratory. The high-frequency signal is
mixed with a signal from a local oscillator (fundamental
or harmonie) to {;rmlm-o- a difference frequency of 30 Me
which is then fed to the i-f amplifier. The 250-0hm series
resistor isolates Lhe signal cireuit from the local-oseillstor
cirenil.

*Other i-f amplifiers or receivers aperating ot fregquencies bet ween
{hand 40 Me can also he used.

SPECIFICATIONS

ge: 40 Lo 5000 Me, and at lower and
hlg.,her fr rt-t;uem ies with decreased sensitivily.
Maxi Crystal C 25 ma.
Maximum Input from Local Oscillator: £ volls.
Cut-Off Frequency of Output Filter: 400 Me.
Conversion Loss at 30-Mc Output: Aboul 6 db with the Tyer
1216-A Unit I-F Amplifier when local-oseillator funda-
mental is used.

Accessories Required: Local oscillator for heterodyning (Unit
Oscillators are recommended). Palch cords are needed for
connections. For complete detector assembly, see page 63.
Net Weight: 5 ounces.

Type | | Code Word | Price
874-MR | Mixer Rectifier. ....... | coaxverrer | $32.50

49

File Courtesy of GRWiki.org



COAXIAL

COAXIAL VOLTMETERS

The Voltmeter Detector (Type 874-VQ) and the Volt-
meler Rectifier (Type 874-VR) are used for measuring
and monitoring voltage in 50-ohm coaxial lines. The dia-
grams below indicate the differences between the two
mstruments. The VQ-type is used either as a monitoring
voltmeter or a terminating voltmeter or detector, while
the VR-type is intended for indicating the voltage behind
50 ohms, as, for instance, in simulating a 50-ohm constant-
voltage generator. Both types can be used with the
Voltmeter Indicator (see below).

SPECIFICATIONS (BOTH TYPES)

Maximum Voltage: 2 volts
Resonant Frequency: Approximately 5400 Me; correction
curve supplied.

Crystal: IN23B

Type 874-VQ Voltmeter Detector

The Voltmeter Detector can be used with the Voltmeter
Indicator for vol measurement, with an audio ampli-
fier as a sensitive detector of modulated signals, and with
a microammeter as an r-f detector. It introduces no
appreciable discontinuity when inserted in a 50-ohm
coaxial line. With the Type 874-WM 50-ohm termination,
il can be used as a matched detector to terminate a line.

as Matched Detector: 0.5 to 2000 Me.
l sable fmm 60 ¢ to 5000 Mec.
VSWR: < 1.1 at 1000 Me, 1.2 at 2000 Me.

By-Pass Capacitance: Ap) grommatelv 300 ppf.
Dimensions: (Length) 334 x (height) 214 inches.
Net Weight: 5 ounces.

Type 874-VR Voltmeter Rectifier

The Voltmeter Rectifier, in conjunction with the
Voltmeter Indicator, will measure or monitor the volt-
age in coaxial systems. It can, for instance, be used to
convert a well-shielded oscillator to a standard-signal
generator. It is also useful as a general-purpose detector.
Frequency Range for Voltage Measurements: 15 Mc to
2500 Me, subject to resonance correction above 500 Me.
Voltage indications and correct voltage ratios can be
obtained at both lower and higher frequencies. See
curve.

Type | | Code Word | Price Type | | Code Word | Price
874-VQ | Voltmeter-Detector ..... lcoaxvoquer 1$30.00 874-VR | Voltmeter Rectifier ... ... | coaxrecror | $30.00
TO METER TO METER [
" gl: .\-“N}\_‘
g -
2|8 8 [RESONANT FREQUENCY 5400 Me]—t— >~ | L |
é 5 W i 0, |
e T— =
z | |
5 [ . ]
COMPENSATING INDUGTORS o i 3 3

874-vQ

FREQUENCY — kMc

Schematics and average correction factor for Tyres 874-VR and -VQ.

Type 874-VI Voltmeter Indicator

50

Indicates the rectified d-c output of either the Type
874-VR or Tyre 874-VQ and provides means for measur-
ing the voltage at any level between 0.1 volt and 2 volts.
A built-in 60-cycle calibration system eliminates errors
arising from differences in erystal rectification efficiencies.
Range and Accuracy of Calibrating Voltage: 0.1-2 volts
= (.05 volts.

Crystal Current for Full-Scale Indication: 200 pa.

Power Supply: 105 to 125 volts, 50 to 60 cycles.

Input Resistance: 600 ohms, minimum; 10,000 ohms,
maximum,

Accessories Supplied: Tyre CAP-35 Power Cord.

Other Accessories Required: Order one Type 874-R34
Pateh Cord to connect rectifier to indicator.
Dimensions: 514 x 514 x 414 inches, over-all.
Net Weight: 3 pounds, 1 ounce.

Type | | Code Word | Price
874-VI | VoltmeterIndicator ..... COAXVOLTER | $80.00
874-R34 | PatchCord.............. COAXFITTER 5.50
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COAXIAL

LINE STRETCHERS AND RIGID AIR LINES

Type 874-LT Trombone Constant-Impedance Adjustable Line

With this line stretcher, built like a trombone slide, the
length of a 50-ohm transmission line belween two fixed
terminals can be varied without moving either terminal
or using flexible cable. Consists of two B874-LK20's
mounted parallel to one another and joined al one end by
a U-shaped section to form a rigid assembly. Can be
plugged into two adjacent Type 874 Coaxial Connectors
or inserted in a line by means of two ells (not included).
This saves space when line is used vertically, Low VSWR.
An excellent phasing unit.

Ch istic Imped 50 ohms.

Frequency Range: D-C to 2000 Me.

Adjustment Range: 44 cm (half wave at 340 Mc).

Physical Length: 61 cm (min.) to 83 em. (max.)

Spacing: 1%, inches between centers,

VSWR: Less than 1.10 to 1000 Me, and 1.25 to 2000 Mec.
Net Weight: 2 pounds.

Type | | Code Word | Price

874-L7 |Conncni-lmpodnnce Line | COAXTROMBO | $85.00

Type 874-LK Constant-Impedance Adjustable Lines

A line stretcher with a very low VSWR and a uniform
characteristic impedance of 50 ohms. A locking mechan-
ism is provided. Particularly useful for eliminating the
usual Smith-chart corrections for the length of line be-
tween the unknown and the impedance-measuring device
by adjustment of the overall line length to a multiple of
one-half wavelength. The Tyre 1602-B  Admittance
Meter can be made to read directly in impedance by ad-
justment of the overall line length 1o an odd multiple
of a quarter wavelength. This line is also useful as an

impedance-matching transformer in coaxial systems.
Impedance: 50 ohms.

Llength: Tyre 874-LK20 Adjustable from 58 Lo 80 cm,
(half-wave al 680 Mec); Tyre 874-LK10, Adjustable from
35 to 45 cm (half-wave at 1500 Me).

VvsWR: Tvee 874-LK20 Less than 1.03 at 500 Me, 1.06 at
1000 Mc, 1.08 al 1500 Me, and 1.10 at 2000 Mc.; Tyer
874-LK10, same up to 2000 Me, less than 1.15 al 3000
Me, 1.2 at 4000 Me, 1.25 at 5000 Me.

Net Weight: 874-LK20 14 ounces; 874-LK10, 10 ounces.

Type | |  Code Word |  Price
874-1K20 m Constant-Impedance Adjustable Line (22¢m) ......coovvennn, vors| COAXKEEPER $36.00
874-LK10 Constant-Impedance Adjustable Line (10em) ............ SRR COAXKENTER 33.00

Type 874-LA Adjustable Line

i

BT4-LA _

R (S

An air-dielectric, coaxial line that can be telescoped to
change its length. Used in matching networks. Contacts
are made by multiple spring fingers. '
ck istic Impoed Not  constant—approximately
50 ohms when fully collapsed. Approximately 57 ohms
when fully extended.

Length: From 33 1o 58 cm.
Net Weight: 10 ounces.

Type | | Code Word | Price
874-1A | Adjustable Line ......|coaxtapper | $17.50

50-Ohm Rigid Air Lines

For spacing stubs or other elements of a coaxial sys-
tem. Each air line consists of a length of 50-chm, air-
dielectrie, coaxial line with a Tyee 874 Coaxial Connector
al each end.

| Net Weight | Code Word | Price

Type |
874-L10 | 10em..... 2 0z. COAXDECKER | $5.50
874-120 | 20cm..... 4 0z COAXVENTER | 6.00
874-130 | 30 ecm...... 6 oz. COAXTRIPLY 6.50
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COAXIAL

TERMINATIONS

Type 874-WM 50-ohm Termination

A 50-0hm cylindrical resistor mounted in a tapered
coaxial holder, for impedance matching, establishing
reference conditions, and terminating filters and attenua-
Lars.

D-C Resistance: 50 ohms = 17},
Max. Continuous Power: 14§ wall
Max. Peak Power: 500 walls

VSWR: Less than 1.08 to 2000 Me;

less than 1.13 to

1000 M.
Type | Code Word | Net Weight | Price
874-WM |  coaxmertER | 215 0unces | $15.00

Type 874-W100 100-ohm Coaxial Standard

Produces known resistive lermination at specific
locations on coaxial lines for checking detector lin-
earily, accuracy of directional couplers, bridges and
admittance meters. The known location of the pure
resistive termination makes possible the production of
many known complex impedances through additions of
sections of Type 874-L Air Line.

D-C Resistance: 100 ohms = 17,
Max. Continuous Power: 14 wall
Max. Peak Power: 150 walts
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YSWR of Tyre 874-WM 50-0hm Termination

Type 874-W200 200-ohm Coaxial Standard

Same as T'ype 874-W100 ex-
cept 200-ohm termination,
D-C Resistance: 200 ohms = 17,
Max. Continuous Power: 14 watl
Max. Peak Power: 50 walts

B2 em ELECTRICAL LENGTH
30 e PHYSICAL LENGTH

Type |  Code Word Net Weight | Price
874-W100 COAXCENTER 3 ounces | $32.50
874-W200 COAXTILTER 3 ounces 32.50
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Plot of VSWR and position of pure resistance termination for (left) Tyve 874-W100 and (right) Tyee 874-W200.
Distance, d, (see sketch above) is the distance from the position of the short or open circuit produced by a
Tyer 874-WN3 or Tyre 874-WO3 to the position of the pure resistance termination.

Type 874-WO Open-Circuit Termination

A shielding cap for open-circuited lines, for estublishing
reference condition on coaxial lines and for use in
substitution methods. Produces an open ecireuit  al
same point in line that Tyee 874-WN produces a shorl.

Type 874-WO3 Open-Circuit Termination

Same as Tyre 874-WO excepl for position of open
circuit, which is same as for Tyre 874-WNS.

Type | Code Word | Net Weight| Price
874-WO COAXOPENER | 2 ounces $1.75
874-W0O3 COAXYTRIPO 2 ounces 3.00

Cross section of (left) Tyvee 874-WO3 and (right)
Tyee 874-WN3.
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Type 874-WN Short-Circuit Termination

A fixed shorting strap mounted in a connector, for
eslablishing reference conditions on coaxial lines and
for use in substitution measurements.

Tyee 874-WO Tyee 874-WN

Type 874-WN3 Short-Circuit Termination

Same as Tyre 874-WN excepl the shorl circnil is
l;resenlml al a point 3 em (3.2 em. electrical distance)
eyond the face of the bead in the Tyre 874 Connectors,
This distance corresponds to the distance between the
bead and ground plane of the 874-M Component Mount
and the distance between the bead and the unbalanced
terminal in the Type 874-1/B Balun.

Type |  Code Word | Net Weight | Price
874-WN COAXNULLER 2 ounces $2.50
B74-WN3 COAXYTRINU 2 ounces 4.25
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STUBS, TUNING, AND COUPLING ELEMENTS
Type 874-D20 and D50 Adjustable Stubs

r

#1400

w TN R A

For matching or tuning, and use as reactive elements.
Can be used with indicator and scale as reaclion-type
wavemeters. Consists of a coaxial line with a sliding
short circuit of the multiple spring-finger type. The
20-cm stub is calibrated in electrical length from the

f

junction of the branch line with the through line in a
Tyer 874-T. The 50-cm stub has no calibration but has
an ad justablc reference marker.
Ch Imped 50 ohms
Maximum Travel of Short Circuit: 20 cm for 874-D20

50 em for 874-D50

Type | | Net Weight | Code Word | Price
874-D20 Adjustable Stub (20 €m) .....ovvvenneennnn. 6 oz. COAXTUBBER I $14.00
874-D50 Adjustable Stub (50 em) ........ciiiiiiaan 10 oz, COAXBIGGER 14.00

Type 874-VC Variable Capacitor
Tuning element for resonant-line circuils, malching
transformers, and baluns at low frequencies where line-
type elements are awkward to use. Well-shielded, high-
temperature polystyrene insulation, and precision ball

bearings.
Scale: 0-100

T-junction.

Type |

Capacitance Range: High frequencies, see curve; Low fre-
quencies, 14 to 70 yuf at connector, 16.5 to 72.5 uuf at

Dimensions: 214" diameler x 5!4" high Net Weight: 12 ounces

Capacitance Variation: Linear

| Code Word | Price

Type 874-XL Series Inductor

Used as a general-purpose tuning element in resonant-
line circuits, malching transformers, and baluns at low
frequencies. Series Inductance: 0.226 xh =59 at 1 ke.

Type 874-LR

m Radiuﬁng une

Allows coupling to the fields within a coaxial system.
Short coaxial line with opening in outer conductor that
c'lam be partially or completely covered by a rotatable
sleeve.

VSWR: Closed, less than 1.05 at 1000 Me, less than 1.4
at 3000 Me, and less than 1.85 at 4000 Me.
Net Weight: 4 ounces.

Type 874-K Coupling Capacitor
A short length of coaxial line having a cylindrical
capacitor in series with the inner conductor. High fre-
quencies are transmitted with small reflections, but d-¢
and low audio frequencies are blocked.
Coupling Capacitance: 4700 uul —209, 43509,
VSWR: Less than 1.06 at 1000 Me: 1.2 at 2000 Me.

Voltage Rating: 500 volts = : :

Length: 3%, inches
Net Weight: 3 ounces

Type 874-MB Coupling Probe

Electrostatic probe consisting of a

binding post mounted on a Tyre 874
Coaxial connector, )
Physical Length Over-all: 3 inches
Net Weight: 3 ounces

874-VC| Variable Capocifot..l COAXYFARAD I $50.00

ot w00t tin

| Code Word Price
l coaxpuctor | $11.00

Type |
874-XL | Series Inductor . ...

Type 874-T
For connecting stubs and other
elements in shunt with a coaxial

line.
Net Weight: 3 ounces.

Type 874-EL90° ELL
Ch istic Imped 50 ohms

Electrical Length: Approximaltely 7 emd
VSWR: Less than 1.06 at 2000 Me;
less than 1.15 at 4000 Mec.

Net Weight: 3 ounces

Type 874-JR Rotary Joint
Used when one part of a system
must be rotated with respect to
another parl. Not for motor-
driven applications.
VSWR: Less than 1.05 at 1000 Mc;
less than 1.3 at 4000 Mec.

Type | | Code Word | Price
v Sl i A CcOAXTOGGER | $ 9.00
BYAEL 190 B ..o ioninvqssnn COAXANGLER 7.50
874-JR | Rotary Joint ......... COAXJOINER 10.00
874-LR | Radiating Line....... COAXMITTER 8.50
874-K | Coupling Capacitor .. | COAXKICKER 8.50
874-MB| Coupling Probe....... COAXPROBER 3.25
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COAXIAL

ATTENUATORS

Type 874-GA Adjustable Attenuator

A mutual-inductance  (waveguide-below-cutoff) type
of attenuator, useful for producing known vollage ratios,
for measuring attenuation, and for adjusting voltage
magnitude. Consists of a loop that can be positioned
longitudinally within a hollow tube by rotating an oul-
side sleeve. One turn of the sleeve produces a 20-db
change in attenuation. Sleeve and tube are calibrated
directly in decibels of relative attenuation on a microm-
eter-type scale. The absolute attenuation is the sum of
the insertion loss and the reading of the attenuator. The
input system is a short coaxial line with a connector at
each end, one end for connection to Lhe power source and
the other for connection to a d0-ohm termination, an ad-
justable stub, or any desired load. The output of the loop
15 brought out through three feet of double-shielded 50-
ohm fexible cable, which is approximately matched al
the loop end by a 50-0ohm resistor between the low side of
the loop and ground.

Can be used in conjunction with Tyee 874-VR Volt-
meter Rectifier and Type 874-VI Voltmeter Indicator (o
convert a GR Unil Oscillator into a signal generator.
Calibrated Ronge: 120 db (relative attenuation) with input
line terminated in 50 ohms; 129 db with input line ter-
minaled in adjustable stub to minimize the electrical
field at the coupling point. (Seale reads —0 1o 120 dhb)
Usable range depends upon shielding between input and
outpul,

Insertion Loss: (from inpul connector Lo end of output cable
al 1000 Me, when signal source impedance is 50 ohms)

With input line terminated in 50 ohms, and scale sel al
O db, 83 =2 db; with scale set at =9 db, 18 =2 db; but
range from —9 to 0is nol accurate.

With input line terminated in adjustable stub (which ex-
tends the range over which ealibration is accurate), and
scale sel al =9 db, 20 =2 db.

Insertion loss is approximalely inversely proportional
Lo frequeney up Lo 1000 Me.

Insertion Loss Directly Through Tee: Negligible
A A Vi3

Stub-terminated input, =(1%, of difference in attenua-
tion readings +0.2) db, direct reading.

a-ohm terminated nput, =199, of difference in

Fixed Attenuators

A single seclion, T-type resistunce pad. Useful for
adding fixed known attenuation in 50-ohm systems and
for malching generators or loads to 50 ohms. Consists
of one disk resistor and (wo ceylindrieal resistors, as
shunt and series elements respectively.

D-C Resistance: 50 ohms = 19, when terminated in 50 ohms.
VSWR: Less than 1.1 to 1000 Me. 1.2 to 3000 Me for all
units; to 4000 Me, less than 1.9 for -G20, 1.85 for -G10,
and 1.4 for -GS and -G,

Accuracy of Attenuation in 50-ohm System: = 1.57;, of nominal
attenuation at de; =0.2 db from value indicated on curve
to 1000 Me; =04 db to 2000 Me; =0.6 db to 4000 Me.
Temperature Coefficient: less than 0.0003 db/°C/db

Maximum Continuous Power Input; 1 wall

ROTATING BARREL-,
PICKUP LOOP
SLIDING TIJBE]

A VAP AP
| EF
g
5
- el Y QNN
S e
CABLE DIELECTRIC

5041 RESISTOR
INPUT LINE

Cross section of the coupling system used in the
Tyre 874-GA Adjustable Attenuator.

altenuation readings +0.2) db, when corrected. Cor-
rection chart supplied.
Cutoff Frequency: 12,500 Mc.
VSWR Introduced into Line: Less than 1.03 at 1000
Me.; less than 1.2 between 1000 and 4000 Me.
VSWR of Output; Less than 4 atl 1000 Me,

Less than 3 up to 4000 Me.
Maximum Permissible Power: Maximum power in inpul line
is inversely proportional to the square root of frequency
and should not exceed 150 watts al 1000 Me; output
power should not exceed 14 watt,
Frequency Range: 100 Me to 4000 M.
Net Weight: 115 pounds.

Type | | Code Word | Price
874-GA | Adjustable Attenvator | coaxrosser | $55.00

Physical Length: 314 inches overall
Net Weight: £ ounces

874 —c-s_1 b e ;,—-—g

_]i

m
§ \.—-: - L3
e
g ol'< a74-gi0”7 z
o M~ : ..2g
874~

E
VSWR g

E-z / \L

% = == L
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Maximum Peak Power Input: 3000 wills MEGACYCLES
Type I | Code Word |  Price
874-G3 Fixed Attenuator (3db)................ COAXFULLER $36.00
874-Gé6 Fixed Attenuator (6db)...........coouieinn. COAXNODDER 30.00
874-G10 Fixed Attenuator (10 db) Shee COAXBELLER 30.00
874-G20 Fixed Attenuator (20db) .......coovvvvniininnn R COAXNEPPER 30.00
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COAXIAL

MISCELLANEOUS

Type 874-M Component Mount

The Tyee 874-M Component Mount is a shielded
enclosure with convenient inside terminals for mount-
ing small components to be measured. It minimizes
“lead” reactance and stray capacitance when the im-
pedance of circuit elements and networks is measured
over a frequency range from de to 5000 Mc.

The Component Mount connects directly to the
Tyre 874-LBA Slotted Line, the Tyre 1602-B Admit-
tance Meter, the Type 874-LK Constant-Impedance
Adjustable Lines, and all GR Coaxial Elements.

he Short- and Open-Circuit Terminations supplied
simplify determination of line-length corrections be-
tween the instrument measuring point and the com--
ponent being measured, without disconnection of the
component from the Mount.

SPECIFICATIONS

Frequency Range: DC to 5000 Me. Terminal: TYPE‘874 Coaxinl.Connector.. y
Accessories Supplied: One Tvpe 874-WNS Short-Circuit, ~ Dimensions: Diameter, 3 inches. Height of shield can,
one Type 874-WO3 Open-Circuit Términations. 2% inches. Net Weight: 8 ounces.
Other A ries R ded ne Type B874-LK20 N
Constant-Impedance Adjustable Line when the Mount Type_| | Code Word | Price
is used with the Type 1602-B Admittance Meter. 874-M | Component Mount ... | coaxymount | $25.00

Type 874-X Insertion Unit

This unit is a hollow cylinder fitted withTyee 874
Connectors at each end. Its cover sleeve slides back to
allow access to a region inside of about 2 inches in length
and %, inch in diameter. In this space between the
Tyre 874 Connectors, almost any arbitrary arrange-
ment of small components, such as resistors, capacitors,
or inductors, can m mounted. The insertion unit can
be used as a shielded housing for impedance-matching
networks, attenuator pads, vhf transformers, filters,
and a variety of other networks. It offers good shielding,
minimum discontinuity in the line, and convenience.
Net Weight: 4 ounces.

Type | | Code Word | Price
874-X | Insertion Unit........ | coaxnorrer | $9.00

Type 874-Y Cliplock
A spring which can be conveniently slipped over
Tyre 874 Connectors after they are engaged to provide
a secure lock, preventing accidental disconnection or
slippage. Net Weight for 10: 1 ounce.

Type | | Code Word |  Price
874-Y | Cliplock...... I coaxrocker | 10* for $2.00

* Minimum quantity sold,

Type 874-Z Stand

Provides firm support for the parts of a wide variety of coaxial sys-
tems. Consists of a heavy cast-iron base with rubber feet, 22-inch and
8-inch stainless steel rods, and three universal clamps. The vertical rod
can be used to hold long tuning stubs. The horizontal rod can be moved
longitudinally or interchanged with the vertical rod to provide support
where needed. Two bases can be used with one 22-inch rod between them
to support a long horizontal run of coaxial parts. Clamps will fit a range
of diameters and will hold between two rods of different diameters. Any
desired arrangement can be set up quickly. Base can be screwed down to

table top for permanent setups. Net Weight: 514 pounds.
Type | | Code Word | Price
874-Z I SRR | vsiveianiovanisnse COAXHELPER $17.50
874-1C Extra Clamp ............ COAXYCLAM® 225
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CABLE

Type Description Code Word Price
874-A2 | COAXIAL CABLE COAXCUTTER $0.50/foot
Flexible double-shielded bulk cable for permanent or semi-perma- 0.27 /foot*
nent installations and for making long patch cords. Consists of a
No. 14 stranded inner conductor separated from the two braided tinned- o agthick
copper shields by 0.244" 0.D. polyethylene insulation, and an outer :,,'.f."' G
polvwnvl-chlnrlde Jjacket 0.865" O.D.
i di 50 ohms =59,

Nomlnai Ccpc:llﬂnce 32 uuf per foot.

Attenuation: al 100 Me about 2.6 db per 100 feet; at 1000 Mec about
10.5 db per 100 feet.

Net Weight for 25 feet: 234 pounds.

874-A3 COAXIAL CABLE COAXGABBER $0.35 /foot
Same as above except inner conductor is 19 strands of 0.0066 inch 0.20/foot*
tinned soft copper wire, separated from the two, braided shields by
0.116" 0.D. polyethylene insulation, and an outer polyvinyl chlo- ’flg }fﬂflhﬂ of
:'Ideh jacket 0.‘206" 0.D. More flexible than Tyere 874-A2, but losses are B
higher.

Characteristic Impedance: 50 ohms =59,

Nominal Capacitance: 32 uuf per foot.

Attenuation: at 100 Me about 5.3 db per 100 feet; at 1000 Me about

22.0 db per 100 feet; at 3000 Me about 45.0 db per 100 feet.

Net Weight for 25 feet: 1 pound.

874-R20 | FLEXIBLE LINE (PATCH CORD) COAXHATTER $6.50

For making shielded connections where maximum shielding and mini-

| mum loss are desired. Consists of three feet of 874-A2 Polyethylene

Cable (specifications above) with a Tyee 874-C Connector on each end.

Net Weight: 7 ounces.

874-R22 | PATCH CORD COAXFANNER $6.00
Consists of three feet of 874-A8 Coaxial Cable (specifications

above) with a Type 874-C58 Cable Connector on each end. Recom-

mended for use where both maximum shielding and a high degree of

flexibility are needed.

Net Weight: 4 ounces.

874-R34 | PATCH CORD COAXFITTER $5.50
Consists of three feet of flexible, single-shielded coaxial cable with

anominal characteristic impedance of 50 ohms. It has one end termi-

nated in a Type 274-NK Shielded Double Plug and the other in a

Tvre B74-C58 Coaxial Connector.

Net Weight: 4 ounces.

874-R33 | PATCH CORD COAXLINKER $5.00
Similar to Type 874-R84, but with end terminated in single Tyre

274 Plugs rather than in Type 274-NK.

Net Weight: 4 ounces,

Tyee 874-R20

Tyre 874-A2 or -A3

Tyre 874-R33

Tyre 874-R22 Tyer 874-R34

56

File Courtesy of GRWiki.org




COAXIAL

CONNECTORS

All Tyre 874 Connectors are supplied unassembled
with complete assembly instructions. No special tools
are n

Type 874-B Basic Connector

For use on rigid, 50-ohm, air-dielectric, coaxial lines.
Consists of inner and outer conductors, insulating bead
coupling nut and retaining ring. Fits lines made from
5g-inch 0.D., %,-inch 1.D. tubing, and 0.244-inch D rod.
The inner conductor is to be screwed into an 8-32 tapped
hole in the end of the rod, and the retaining ring for the
coupling nut is to be snapped into a Y,-inch deep, 0.085-
inch-wide groove cut in the 34-inch tubing.
Net Weight: 1 ounce.

Type | | Code Word | Price
874-8 | Basic Connector ..... | coaxsrince | $1.25
Cable Connector

Consists of the basic connector parts plus inner and
outer transition pieces, a soft copper ferrule, and a rubber
guard. The transition pieces are tapered so as to maintain
the 50-ohm characteristic impedance of the connector and
cable throughout the change in diameters. The cable inner
conductor is to be soldered to the inner transition piece,
and the cable braid is attached to the outer Lransition
piece by crimping the ferrule. The rubber guard provides
strain relief and a protective handle.

Net Weight: 2 ounces.

Type Fits Code Word | Price
874-C | Type 874-A2 Cable .... | coaxcaBLER | $2.00
874-C8 | Type RG-8/U Cable ... | coaxcorpEr | 2.00
874-C9 | Type RG-9/U and RG-

116/UCables ....... COAXCAMMER | 2.00

874-C58 | Type 874-A3, RG-29/U,
55/U, 58/U, and

58A/U Cables....... COAXCALLER 2.00
874-C62 | Types RG-59/U and RG-
62/U Cables (non-
constant impedance) | coaxcanpor | 2.00

Panel Connector P-Type
Is similar to the cable connector except a panel
adaptor and nut are supplied in place of rubber guard.
The panel adaptor fits into a '%,-inch D hole in panels
from Yje-inch to Y4-inch thick and is designed to clamp
the connector in any desired orientlation.
Net Weight: 3 ounces.

Type Fits Code Word | Price
874-P Type 874-A2 Cable .... |coAxPEGGER | $2.90
874-P8 | Type RG-8/U Cable .... |coaxrurTER | 2.90
874-P9 | Types RG-9/U and RG-

116/U Cables ....... COAXCOPPER 2.90

874-P58 | Types 874-A3, RG-
29/U, 55/U, and
58A/U Cables....... COAXPANNER | 2.90
874-P62 | Types RG-59/U and RG-
62/U Cables (non-
constant impedance) | COAXPOLLER 290

P-Tyee Panel
Connector

Maximum Input Voltage: 1.5 kilovolts.
Maximum Input Power: 150 watts at 1000 Mc. Power is
inversely proportional to the square root of frequency.

= N

Tyre 874-B Basic Connector (above) unassembled
and (below) assembled at the end of a rigid air line.

Cable Connector

Panel Connector PB-Type
Flange-mounted panel connector. Requires a '%4-inch
D hole in panel of any thickness. Four number 29 holes
(0.186-inch D) drilled in flange, '¥%,-inch center-to-center,
to accept machine screws. Panel space required is 1Y%,-
inch x 1Y,4-inch.
Net Weight: 2 ounces,

Type ‘its Code Word | Price
874-PB | Type 874-A2 Cable. ... | coaxarrLEr | $2.90
874-PB8 | Type RG-8/U Cable ... | coaxBaTHER | 2.90
874-PB9 |Types RG-9/U and RG-

116/U Cables ...... COAXCANKER | 2.90
874-PB58 | Types 874-A3, R6-

29/U, 55/U, 58/U
and 58A/U Cables .. | coaxaBaTER 2.90

874-PB62 |TypesRG-59/U and RG-
62/U Cables (non-
constant impedance) |coaxsarker | 2.90

PB-Tyre Panel

Connector
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\

ADAPTORS

TO MILITARY AND
OTHER CONNECTORS
The Tyre 874-Q Adaptors connect between the univer-

sal Tyre 874 Coaxial Connectors and other commonly
used types. Their low standing-wave ratios assure connec-

& W -

tion with a minimum of reflection. Another important use Tyre 874-QLP & 874-QLJ
of these adaptors is to connect between other different
connector types as shown in Figure 5, page 42. By plug- R
ging together the Tyre 874 ends of the two appropriate
adaptors, one can interconnect any two systems of
connectors.
Typical standing-wave ratios are shown in the plot.
Tyre 874-QUJ & 874-QUP Tyre 874-QNP & QNJ
Contains
Type 874 Net
Type [onnector and Fits Weight | Code Word | Price
874-Q2 274 Jacks or |274 Plugs or 2oz, |coaxtirrErR |$ 4.25 PAROE 87¢
Plugs Jac
874-QNé6 274-NO 10z, | COAXCLOSER 1.00 L
874-Q7 |774 Jack or |774 Plug or 2 0z. | COAXPASSER 4.25 2,
ug Jack £z
- 874-QB) |BNCJack |BNCPlug |1Y%0z |coaxsocGer | 4.75 i |
874-QBP |BNC Pluz |BNCJack 1Y% 0z |coaxBuNnNer| 4.75 w&” 1874 OL)P_oie 8740( }J—n TERMINATED
874-QCJ |C Jack C Plug 10z |coaxcoceer | 4.75 ADAPTOR | ADAPTOR |  IN 50N
874-QCP |C Plug C Jack 134 oz. |coaxcurrer | 6.25
874-QHJ) |HN Jack HN Plug 215 0z. |coaxuawser| 6.50
874-QHP |HN Plug HN Jack 2% 0z. | coAxHANGER| 6.50 v e e
874-QU) |LC Jack LC Plu 8oz |coaxurrer | 19.50 o m— i g N
874-QiP |LCPlig  |LC Jac 11b. |coaxivceer | 30.00 § — >
874-QLT) |LT Jack LT Plu 434 0z. |coaxLAGGER | 23.00 ¢ I ~ 7K
874-QLTP |LT Plug LT Jac 7 0z. |coAxLosBeR | 23.00 l - : A\ Y17
~874-QNJ ' N Jack N Plug 134 0z. |coaxNaGGER | 3.75 3~ 4 \1/
874-QNP N Plug N Jack 134 oz. |coaxsurter | 4.50 ¥ 7 \3?3’
874-QSCJ |SC Jack SC Plug* 134 0z. | COAXCOSTER 9.50 el E - -
874-QSCP |SC Plug SC Jack* 134 0z. | coaxcassver | 9.50
874-QTNJ |TN Jack TN Plug* 10z |coAxTuNNer| 8.00
874-QTNP |TN Plug TN Jack* 1}4 oz. |coaxtusker | 8.00
.-874-QUJ |UHF Jack UHF Plug 10z. |coaxyunper | 4.00
874-QUP HF Plug |UHF Jack |140z. |coaxyurrEr | 4.25
*Sandin type
ADAPTORS TO RIGID LINE
874 CONNECTORS
S VSWR Dmrso o
50
3 LINE
5 AR S IR
£ . LT
Tyee 874-QU3A Tyre 8 b - i
YPE yre 874-QV2A Z 106 \ 7 B
These adaptors are used to connect the rigid lines in 2 104 “;ﬁmf - 7f N Ay
ol : ? B =, U
TV transmitting antenna systems to measuring equip- 102 % A S MAra-QuIl |
ment fitted with Type 874 Coaxial Connectors, as for .ootz LI
instance, the Tyre 1602-B U-H-F Admittance Meter “ 0n e 0
and the Tyre 874-LBA Slotted Line. FREQUENGY-Me
EIA
Type | Fits ISld. Jor Line I Code Word Net Weight | Price
874-QU1 7" 50-ohm UHF Rigid Line, RG-155/U.......... TR-134 COAXYUMBER % Ib. $ 21.00
874-QU2 1%" 50-ohm UHF Rigid Line, RG-153/U......... TR-134 COAXYUSHER 1% Ib. 75.00
874-QU3A |3%" 50-ohm UHF Rigid Line, RG-154/U......... TR-134 COAXYULTRA 5% Ib. 125.00
874-QV2A | 1%" 51.5-ohm VHF Rigid Line .................. TR-103A COAXYVERRA 1% lb. 62.50
874-QV3 |3%" 51.5-ohm VHF Rigid Line .................. TR-103A COAXYWAGER 5 Ib. 110.00
58
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DETECTORS AND AMPLIFIERS

= DETECTORS

In practically all types of electrical measure-
ments, a means must be provided for aural or
visual indication of the desired measurement
condition. For bridge measurements, the indi-
cator, or detector, must have some degree of
selectivity to eliminate spurious signals, noise,
and harmonics of the desired signal. For
voltage amplitude measurements, a wide linear
range is desirable; and in modulation measure-
ments the output signal should be a faithful
reproduction of the modulation envelope.

For these applications, a number of detec-
tors are in common use:

1. Amplifier followed by a meter or head-
phones.

2. Simple rectifier to convert an a-c¢ signal
to de or to demodulate an r-f signal.

3. Simple rectifier followed by a high-gain
amplifier with an aural or visual indicator.

4. Mixer in which the signal to be measured
is heterodyned with a signal of a different
frequency from an oscillator and the difference

Qmy
5
74 VR WITH 1231-B AMPLIFIER
2l m | B74VQVR WITH 2 =5 !
\'.
Imy +
§
& 500
: /
=
5 200
5 IR
Eloﬂuv 2
g l\ /
B = [FIFE) 11
: - O W e
g 2 T} 1231P2 o PA HONT-2%
Y A\ FILTERS | 1 o
S Y \ | ! Inm-3+———4
z 236~ = NT-4H—
WITH I212-P2 | .
s FILTER —+
(SEE TEXT) | \‘.'
o DNT-4 HARMONIC RANGE
*RANGE ON FL {TAL OF |LOCAL ILLILTOR
|
Mioe 10 ke 0 100 Mc 1o 100 Me 10
FREQUENCY

Sensitivity and frequency range of various detectors.

The sensitivity figures shown for the Tyre 874-VQ

and -VR Detectors are for a modulated signal (509,

or more) with the amplifier tuned to the modulator

frequency. At frequencies below about 500 ke an

additional by-pass capacitor must be added to
obtain the sensitivity indicated.

Tyee DNT Detector used with the Tyee 874-LM Di-

electric Measuring Line to measure the dielectric

constant and dissipation factor of solid-dielectric
materials.

frequency amplified in a fixed-frequency, band-
pass, high-gain amplifier.

An amplifier with meter or headphones is
commonly used in the frequency range be-
tween a few cycles and several megacycles.
The Type 1231-B Amplifier and Null Detector
is an instrument of this type, for audio and
somewhat higher frequencies. Selectivity can
be added by the use of a filter, either the
highly astatic Type 1951-A, or one of the
Type 1231-P series of filters.

When used with the Type 1231-P4 Attenu-
ator, the amplifier is a good standing-wave
meter for the Type 874-LBA Slotted Line.

The Type 1212-A Unit Null Detector is an-
other detector of the same general type, which
covers a much wider frequency range and
uses limiting amplifiers to produce a non-linear
compression of the meter scale of at least 100
db, thus eliminating the need for amplifier
gain adjustments during bridge balancing
operations.

For maximum effective sensitivity, one of
the several accessory filters should be used
at the input: the Type 1212-P1, for eliminat-
ing pickup at the power-line frequency in
measurements above 10 ke; the Type 1951-A,
for maximum effective sensitivity and selec-
tivity at 400 and 1000 cycles; and the Tyre
1212-P2, for maximum sensitivity and selectiv-
ity at 1 megacycle.
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AMPLIFIERS

Simple rectifiers are often used at the higher
frequencies. The Type 874-VQ Voltmeter De-
tector and Type 874-VR Voltmeter Rectifier
cover a very wide frequency range, as indi-
cated on the chart. When used directly with
a meter or a telephone headset, the sensitivity
is low. Used with an audio amplifier, such as
the Tyre 1231-B, it is a sensitive detector of
modulated signals.

At very-high and ultra-high frequencies, the
heterodyne method of detection has many
advantages. It can have high sensitivity, a
wide frequency range, any amount of selec-
tivity, and excellent linearity. In the Type
DNT Detectors, the signal is heterodyned in a
Type 874-MR Mixer Rectifier with a signal
from a Unit Oscillator. The 30-Me beat fre-
quency is amplified and detected by a Typr
1216-A Unit I-F Amplifier. Various local oseil-
lators can be used to cover the very extensive
frequency range shown in the chart, and har-
monic operation can be used to extend the
range of any oscillator. The 80-db linear range
is also useful in relative voltage-level meas-
urement.

Type | Class | See Page
1231-B High-gain Voltage Amplifier 61
1212-A Logarithmic Amplifier 63
DNT Heterodyne with I-F Amplifier 64
874 VQ,-VR | Crystal Rectifier 50

» AMPLIFIERS

The General Radio Company manufactures a
variety of laboratory amplifiers which meet
many of the needs for amplification in research,
engineering, and industry. The following amp-
lifiers are described in this section:

1. The Type 1231-B Amplifier and Null De-
tector, which, in addition to its uses as a null
detector and a standing-wave indicator, is an
excellent preamplifier for use with micro-
phones, vibration pickups and oscilloscopes.
In combination with the Type 874-VQ Volt-
meter Detector it becomes a sensitive detector
Rg modulated signals at frequencies up to 5000

c.

2. Type 1233-A Power Amplifier provides
several watts of power over a wide frequency
range. In addition to its uses at audio and
ultrasonic frequencies, it can be used as a
wide-band voltage amplifier at frequencies up
to 8 Me, and, with external tuning, as a tuned
amplifier up to 5 Me.

8. The YI;W 1206-B Unit Amplifier is a high-
quality general purpose, 3-watt amplifier,
which operates over the audio and ultrasonic

60

Tyee 1206-B Amplifier used with the Tyee 1210-C
Oscillator.

frequency ranges, and which has excellent,
transient response. An outstanding feature of
this instrument is its low-frequency response,
which extends down to 2 eycles per second with
a drop of only 3 db.

The combination of this amplifier and the
Tyee 1210-C Unit R-C Oscillator comprises a
compact oscillator of 3-watt output up to 100
ke and 0.4 watt up to 500 ke. This combina-
tion is pictured above.

Type | Name | See Page
1231-B Amplifier and Null Detector 61
1233-A Power Amplifier 67
1206-8 Unit Amplifier | 68

» OTHER AMPLIFIERS

In addition to the amplifiers described in
this section, special purpose amplifiers are
described in other sections of the catalog.

DC AMPLIFIER: The Typre 1230-A D-C
Amplifier and Electrometer is an extremely
stable instrument capable of amplifying very
weak de voltages and operating a recorder from
the output.

PULSE AMPLIFIER: The Tvype 1219-A
Pulse Amplifier will produce pulse currents up
to one-half ampere from low-power pulse
generators.

SOUND-LEVEL METER: The TypE 1551-
B Sound-Level Meter is a high-gain amplifier
and logarithmic voltmeter, with a full-scale
sensitivity of 20 microvolts and a range of 126

db.

T'ype | Name | See Page
1230-A DC Amplifier and Electrometer | 180
1219-A Pulse Amplifier 123
1551-B Sound-Level Meter 184
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DETECTORS

TYPE 123 1-B AMPLIFIER AND NULL DETECTOR

USES: This sensitive, high-gain, voltage ampli-
fier is used as:
» A null indicator for bridge measurements.
» A standing-wave indicator with the Type
874-L.BA Slotted Line.
» A detector of high-frequency modulated
signals when used with a Tyre 874-VQ Volt-
meter Detector.
» A preamplifier for crystal microphones,
vibration pickups, and other transducers, as
well as for oscilloscopes.
DESCRIPTION: The amplifier consists of
three stages and a vacuum-tube voltmeter. A
push button on the panel of the instrument
permits the output stage of the amplifier to
operate either linearly for general use or log-
arithmically for null-detector use. The panel
meter indicates relative output in two ranges,
serves as a null indicator, and is used to check
battery condition. Head telephones can be
plugged into the output for an aural indication
of the null point. A fixed 30-db attenuator can
be switched into the input circuit if high input
voltages are encountered.

The instrument may be ac or battery opera-
ted. Battery operation provides betler over-
all performance, due mainly to its lower noise.

Blocking capacitors at the input and output

jacks isolate the instrument from external de.
A jack on the panel permits insertion of

filters.

FEATURES:

» Simple and convenient push-button opera-

tion.

» Versatile—operates as amplifier, null in-

dicator or VSWR meter.

» Rapid response meter with minimum over-

shoot for fast, accurate measurements.

» Harmonics and noise can be eliminated by

available filters.

SPECIFICATIONS

b I T
b L — | TT—
é 10c 20c S0 100e  200c 500c I 2k Ske  IDwe 206 50k 100N

FREQUENCY

Input Impedance: 1 megohm in parallel with 20 ppf:
alternate 10-megohm input available.

:Huxlimurn Gain; Greater than 83 db at 1 ke with 1 megohm
{110

Meter Scales: NORM scale: monitors amplifier output
voltage. Calibrated in volts with accuracy of =59, of
full scale. SENS seale: indicates ratios of voltages
applied to inpul terminals, as in standing-wave meas-
urements. Calibrated in db with arbitrary zero, so
ratio in db obtained by subtracting one meter reading
from another. Ratios accurate within 309, of correct
value in db, if one reading is above half scale.

Null Detector Sensitivity: Less than 25 microvolts input
gives 17, indication on meter at 1 ke.

Amplifier Sensitivity: Less than 8 microvolls inpul at 1 ke
for 19, indication on SENS range of meter.

Output Impedance: Approximately 50,000 ohms.

Maxi Output Voltage: 5 volts into 20,000 ohms: 20
volts into one megohm.

Open Circuit Noise and Hum level: Less than 0.5 volt at
full gain, battery operated; less than one volt, a-¢ operated
with 1261-A Power Supply.

Tube Complement: Two 114, one 1D8-GT.

Power Supply: Burgess 6TA60 (Signal Corps BA48) is
supplied unless a-c operation is specified, in which case
Tyre 1261-A Power Supply (see page 145) is supplied.
Battery Life: 200 Lo 250 hours at 8 hours a day.

Mounting: Available for 19-inch relay rack with or with-
out Type 1231-P5 Filters, battery or a-c operated, or
in hardwood cabinet. See price list below.

Accessories Available: Filters (see next page): Tyer 274-NL
Pateh Cords for shielded input and output conneclions,
(page 237),

Dimensions: 1214 x 8 x 1034 inches, over-all. Relay-
rack models have 7-inch panel height.

Net Weight: Cabinet model, 23%; pounds, including bat-
teries: relay-rack model 1485 pounds without filter, 2414
pounds with filter.

Type Amplifier and Null Detector Code Word FPrice
1231-BM Cabinet model, battery operated...........covvvviiinnnnn. VALID $260,00
1231-BMA | Cabinet model, a-c operated .........coovvivviiiiiiiiiann. VENUS 388.00
1231-BR Relay-rack model, battery operated...................... VALOR 260.00
1231-BRA Relay-rack model, a-c operated .............covnne. VIGIL 388.00
1231-BRF Relay-rack model, battery operated, with Tyre

1281-P5 Filter ;o onues s sssavnseasnassesammonsinsnong ivess VIGOR 460.00
1231-BRFA | Relay-rack model, a-c operated, with Type 1231-P5
IHERE wovicgsmmnbimimss fassaemar i T s v o e s VILLA 588.00

61
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DETECTORS

TYPES 1231-P2
AND 1231-P3

TUNED
CIRCUITS

Parallel-tuned circuits used as interstage
filters with the Type 1231-B for suppressing
harmonies, noise, and hum in single frequency
measurements. Telephone plug fits jack on the
panel of the Type 1231-B Amplifier.

Tuning Accuracy: =27, at normal voltage levels.

Attenuation: At least 25 db to second harmonic,
Dimensions: 414 (height) x 8%, (width) x 4 (depth)
inches overall. Net Weight: 374 pounds. either model.

Type | Frequency I Code Word | Price
1231-P2 | A00:and 1000 tyelofv.. v, s vovesvonsvsvivirasverivsspressas | AMBLE l $38.00
1231-P3 J 60'éyeled’,..ccnsansirisrrnssnns e hbg e L YT AMPLE 25.00

TYPE 1231-P5
ADJUSTABLE
FILTER

This parallel-resonant, shielded filter is used
with amplifiers to reduce harmonics and back-
ground noise in bridge measurements. It can
be set to any one of eleven fixed frequencies,
including those at which the Type 716-C Ca-

pacitance Bridge is direct reading. Terminals
are provided for connecting an external capaci-
tor to tune to any other frequency between
20 ¢ and 100 ke.

Frequency Calibration: 50, 100 ¢, =2 +59%,; 200 and 500 ¢,
1,2, 5, 10, 20, 50, 100 ke, =29, at normal voltages.
Insertion Gain: — 135 to 14 db, depending upon frequency,
Second Harmonic Rejection: 28 Lo 46 db,

Terminals: Shielded cord and plug for connection to Type
1231. Jack-top terminals for external eapacitors,

Accessories Available: Tyre 1419 Decade Capacitors (page
170) for tuning filter to other frequencies.

Mounting: Aluminum cabinet model for bench use and
relay-rack model available.

Dimensions: Front panel, 7 (height) x 614 (width) inches.
Cabinet, 924 (depth) inches. Internal shield box, 64
(height) x 414 (width) x 9 (depth) inches.

Net Weight: § pounds, 12 ounces.

Type | | Code Word | Price
1231-P5M | Adjustable Filter (Cabinet Model) ......................... | ALDER | $215.00
1231-P5R Adjustable Filter (Relay-Rack Model) ..................... ADOBE 215.00

TYPE 1231-P4 ADJUSTABLE ATTENUATOR

A high-impedance resistive voltage divider
covering a range of 80 db, with three 20 db
steps and a 20 db potentiometer. Used with the
Typr 1231-B Amplifier and Null Detector and
the Tyre 874-LBA Slotted Line to measure
standing-wave ratio.

Source Impedance: 30 ki,

Load Impedance: Al least one megohm.

Insertion Loss: 3 db,

Attenuation Range: 80 db, readable to nearest tenth db.
Attenuation Accuracy: ==0.3 db when operated between
rated source and load impedances. Additional errors
caused by source impedance between 14 k2 and 60 kQ
are less than =0.8 db.

Frequency Error: Negligible below 2 ke.

Maximum Input Power: 15 wall.

Terminals: Input, Type 938-W Binding Posts; ountput,
shielded cable with Type 274-NK Shielded Plug to fit
amplifier input terminals.

Accessories Required: One Tyre 874-R84 Pateh Cord for
connections between slotted line and atlenuator.
Dimensions: 514 x 514 x 414 inches, over-all,

Net Weight: 2 pounds, 11 ounces.

Type | | Code Word | Price
1231-P4 Adjustable Attenuator........ccoovviviiiiiiiiiiiiiiiiians ANNEX | $70.00
874-R34 Patch Cord........ TR R AT AP VATR KA LTE AN AR voer| COAXFITTER 5.50
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DETECTORS

TYPE 1212-A UNIT NULL DETECTOR

USES: The Unit Null Detector is primarily a
balance indicator for ac bridge measurements.
It is a sensitive, wide-frequency-range voltage
indicator with an approximately logarithmic
relation between input voltage and meter read-
ing. This null detector with suitable input
filters can be used with the Tyre 1603-A Z-Y
Bridge, Tyepe 716-C Capacitance Bridge,
Type 667-A Inductance Bridge, Type 1661-A
Vacuum-Tube Bridge, Type 916-AL R-F
Bridge, Tyre 716-CS1 Capacitance Bridge, and
up to 5 Me with the Type 1606-A R-F Bridge.

DESCRIPTION: The instrument consists of a
three-stage, broad-band amplifier with series-
peaking compensation. Germanium-diode elip-

QENERAL RADIO ©O.
WY AmOn

wosn M Lo
3580 WO AL e

pers are used between stages to obtain the
quasi-logarithmic input-output relationship.
FEATURES:

» 50 cycles to 5 megacycles.

» Meter zero controllable from panel to cor-
rect for amplifier or system noise.

» Regulated tube voltages and balanced
meter circuit maintain high stability.

» Meter sensitivity control provided for set-
tings of voltage range desired.

» Headphones can be used.

» Miniaturized unit construction.

» On-Scale range of approximately 120 db.
» High sensitivity.

» Sensitivity increases as balance is ap-
proached—increases speed and precision.

SPECIFICATIONS

Sensitivity: Less than 40 microvolts input at 1 ke is re-
quired to deflect meter one per cent of full scale.

Voltage Response: See curve below,

Power Supply: Tyre 1203-B or Tyee 1201-B Unit Power
Supply is recommended.

Frequency Response: See curve below,

Tube Complement: Three 6AKS, one 12AX7, one 0A2.
Accessories Supplied: Power supply plug and cable con-

nector,

y Filters Av Tyres 1212-P1, for eliminating
low-frequency hum and noise, 1212-P2, for use al 1 Me,
1851-A, for maximum sensitivity and selectivity at 400
and 1000 eycles.
Dimensions: (Width) 9%
panel) 514 inches, over-all
Net Weight: 514 pounds.

% (height) 514 : (depth behind

10 1004 he FREQqu‘NC\' 100K IMc 0Me | T l i _I._
5 O O i 0 3 0 I = i
— T £ | l I |
gs o S [ [ - \\ g% | [ /—{ ITY AUTOMATICALLY |NCREASES il
b . ‘\ ‘.;‘ 20 / #—5 uu»gﬁ fS APPROACHED |
0 T
| I 10 1D0pv imy 1Dmy 100my v i 100w
18 INPUT VOLTAGE
Type | |  Code Word | Price
1212-A* Unit Null Detector.......ccoccvivennnecrnnnnns sisinsssaienes | ALAGK $145.00
1203-B I R OW By SUBTHY . X oo o sres mriie et R s o (o ALIVE 40.00
480-P4U3 Relay-Rack Panel (for Amphfwr and Power Supply). | uNIPANCART 10.85
*PATENT NOTICE, Sew Note 4, page x
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DETECTORS

TYPE 1212-P1 HIGH-PASS FILTER

NN A
Sw =i} l ™ }> j T &
f’—fm | \ (DG NPEBANGE | MESOMM |
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e 0oe e e oAt e ™
FREQUENGY

A shielded, RC high-pass filter designed to attenuate low-
frequency noise and hum often encountered in bridge
measurements. It provides about 50 db attenuation at 60

TYPE 1212-P2 1-MC FILTER

A shielded, tuned LC filter designed to attenuate both
higher and lower frequencies, while providing insertion
gain at 1 megacycle.

Insertion Gain: When used with the Type 716-CS1 Capaci-
tance Bridge and the Type 1212-A Unit Null Detector,
the insertion gain at 1 Me varies from 22 db to 32 db.
Second Harmonic Rejection: Al least 39 db.

Maxi Input Voltage: 200 volts,

Terminals: Tyee 874 Connector at each end.

TYPE 1951-A, -E FILTERS

A tuned eircuit designed for use at the input to a high-
gain amplifier to prevent overload by spurious signal
pickup. It is particularly useful for measurements on
three-terminal circuits where both sides of the unknown
are above ground.

TYPE DNT
DETECTORS

USES: These assemblies are high-sensitivity,
universal detectors for very high and ultra-
high frequencies. The system is the recom-

64

cycles when used in conjunction with the Tyre 1212-A
Unit Null Detector and fed from a low-impedance source.
Nominal Load | | 1 megohm.

Input Voltage Limit: 150 volts maximum.

Terminals: Tyrr 874 Connector al each end.

Dimensions: 74 inch diameter by 434 inches long.

Net Weight: 3 ounces.

Type |

1212-P1 | High-Pass Filter.......... |
PATENT NOTICE. See Nate 4, page x

| Code Word | Price
I $12.00

UNCLE

Dimensions: 2" diameter, 5" long. Weight: 9 ounces.
Type I | Code Word | Price
1212-P2 | One-McFilter. ......... | | $30.00

ANNUL

Wound on a toroid and shielded with permalloy, this
filter is highly astatic. A capacitive voltage divider across
the input permits impedance matching for maximum sen-
sitivity.

Frequency: Tyre 1951-A, 400 and 1000 cyeles; Type
1951-E, 270 and 1000 cycles (intended for use with Tyee
1661-A Vacuum-Tube Bridge).

Second Harmonic Rejection: At least 30 db.

Insertion Gain: —15 db to +35 db depending on driving
source resistance and frequency.

Accessories Supplied: One each Type 274-MB Double Plug,
Tyre 274- NK Shielded Plug, Tyre 874-Q 6 Adaptor.
Dimensions: 314 x 314 x 434 inches, over-all.

Net Weight: l“/ pounds.

Type | | Code Word | Price
1951-A | By oou. isiaisiaiie FIBRE $75.00
1951} Blltor. oie.ioanaqnosa FURRY 80.00

mended null detector for the Tyerr 1602-B
U-H-F Admittance Meter, the Tyre 1601-A
V-H-F Bridge, the Tyre 1607-A Transfer

File Courtesy of GRWiki.org



DETECTORS

MEASURING
DEVICE LOCAL
 miEnistiadis OSCILLATOR

MIXER

TYPE 874-MR
MIXER RECTIFIER

+{fy~fio)

TYPE 1218
DETECTOR IF

AMPLIFIER

Function and Immittance Bridge, and the
recommended standing-wave indicator for use
with the Type 874-LBA Slotted Line and the
Type 874-LM Dielectric Measuring Line.

The high sensitivity and wide frequency
range of this detector make it useful as a
general-purpose high-frequency receiver and
voltmeter for laboratory use.

The wide bandwidth of the amplifier makes
possible the detection of pulsed signals.

The built-in attenuator can be used for the
accurate measurement of relative signal level,
the insertion loss and attenuation of filters,

DESCRIPTION: Each assembly comprises one
Type 874-MR Mixer Rectifier, one Tyre
1216-A Unit I-F Amplifier, one Tyre 874-G10
10-db Pad, one Typr 874-EL 90° Ell, one Unit
Oscillator and one filter depending on the fre-
quency range desired (see price table.)

The incoming signal and the signal from the
Unit Oscillator are heterodyned in the Mixer
Rectifier to obtain a 830-Mc difference fre-
quency. This beat frequency is amplified and
indicated on the meter of the Type 1216-A
Unit I-F Amplifier. The block diagram show-
ing this method of detection is shown above.
Higher frequency operation is obtainable by
using oscillator harmonics, but sensitivity is
decreased. Both the fundamental and har-
monic ranges are shown in the curves below.
» When wide ranges of frequency are to be
covered, however, it is recommended that one
complete DNT Detector be purchased, plus
the necessary oscillators and filters for the ad-
ditional frequency ranges desired. For in-
stance, to cover the range from 40 to 950 Mg,
one would order a Type DNT-2 Detector,
plus one Type 1209-B Oscillator and one
Tyer 874-F1000 Filter.

attenuators and cables at high frequencies, = FEATURES:
and crosstalk in coaxial switches. » Wide frequency ranges
The heterodyne system of measuring high-  » High sensitivity
frequency gain and attenuation, i.e., relative  # Linear response for gain-loss measurements
signal levels makes possible greater accuracy  # AVC for null detector use
and wider ranges of measurement than does  # Excellent shielding
any other method. » 80 db range
% . i ONT-1 FUNDAMENTAL | l
& pe—— HARMONIG —T 1
3 o ]
8 DNT-2 FUNDAMENTAL i = J
5 tessssnsencsHARMONIG 1 il =
Fi > > and & ™~
sensitivity of Tyrs DNT 8 T ‘\.P\
Detectors  for  both T — i > a
fundamental and har- g —
monic operation. " I-Ji"_]'_‘ii'ﬂ"n‘i':g%mlé N\
é DNT-4
5 =
5 o0 TSR
5 0Mc 50 100 300 500 TKMe 3 5
FREQUENGCY
Fundamental
Type Frequency Range Local Oscillator Filter Code Word Price
DNT-1 40-530 Mc 1208-B 874-F500 NALTO $626.00
DNT-2 40-280 Mc 1215-B 874-F500 NERVO 606.00
DNT-3 220-950 Me 1209-B 874-F1000 NULLO 659.00
DNT-4 870-2030 1218-A 874-F2000 NODDO 879.00

Mixer input terminal is Tyee 874 Coaxial Connector.
For connections Lo other types, see Tver 874-Q Adaptors

page 58. Tyre 874-R22 Patch Cord (page 56) is also a
convenient accessory.
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AMPLIFIERS

TYPE 1216-A
UNIT I-F AMPLIFIER

USES: The Unit I-F Amplifier is the basic
element in a general-purpose, high-frequency
heterodyne detector. With the Tyre 874-MR
Mixer Rectifier and a Unit Oscillator, it
comprises a Type DN'T Detector. Satisfactory
operation can also be obtained with other
mixers and oscillators.

DESCRIPTION: The Tyre 1216-A Unit I-F Am-
plifier consists of four tuned i-f amplifier
stages, a detector, a video amplifier stage,
an r-f attenuator, and two power supplies.
It is designed to operate from a 400-ohm
source impedance, which is the nominal
output impedance of the Tyre 874-MR Mixer
Rectifier.

Automatic volume control is provided for
facilitating bridge balancing and other null-
type measurements, The AVC can be switched
out of circuit for voltage level measurements.

A built-in precision, film-type-resistor, step
attenuator is included to make possible ac-
curate measurements of relative signal levels
as high as 70 db. The indicating meter is
calibrated in db, as well as in linear units,
for convenient interpolation between the 10-db
attenuator steps.

The rectified crystal-mixer current produced
by the oscillator signal in the Type 874-MR
Mixer-Rectifier can be measured on the indi-
cating meter. A knowledge of this current is
important if attenuation measurements are to
be made, since the oscillator voltage must be
above a certain limit if the applied r-f sig-
nal is large. The current is also an indica-
tion that the oscillator is functioning.

One of the internal power supplies operates
the amplifier circuits: the other supplies
heater and plate power to the heterodyning
Unit Oseillator.

FEATURES:

» Accurate attenuator.

» Large meter calibrated linearily and in db
for interpolation between attenuator steps.

» High sensitivity with excellent shielding.

» Broad bandwidth with good selectivity.
» AVC provided for null detector use.

» Cathode follower amplifies modulation. Can
be used with phones.

» (Can check rectified local oscillator current.
» Provides power for external local oscillator.
#» Small and compact assembly.

» Regulated screen voltage supply.

SPECIFICATIONS

Center Fraquency: 30 Me.

Bandwidth: Greater than 0.5 Me at 3 db down: 9.5 Me at
60 db down.

Sensitivity: From a 400-ohm source, 2uvolts input required
for 19, meter deflection (above noise), 50 pvolts input for
full-scale meter deflection. These are open-circuit source
voltages.

Attenuator Range: 0-70 db in 10-db steps.

Attenuator Accuracy: = (0.8 db +19).

Output Circuit Bandwidth (modulation): 0.4 Me.

Output Impedance: 600 ohms.
Maxi Output Voltage: 2 volts open circuit.

Terminals: Input, Tyre 874 Connector on 2-foot cable.
Output: #4-inch-spaced T'yre 938 Binding Posts.
Supplementary Power Supply Output: 300 volts de al 30 ma;

6.3 volts ac at 1 a. With this power supply, full output
will nol be obtained from a Unit Oscillator, but output
is ample for heterodyne use.

Power Supply: 105-125 or 210-250 volts. 50 to 60 cvcles.
Power input, 45 watts at full load. Can also be operated
al 400 ¢ where line voltage does not drop below 110 v.

'I’nbbe Complement: T'wo 6CB6: one each, 6AKS, 6ALS, 6178,
oBe.

Accessories Supplied: Spare fuses; multipoint
power cord attached.

Mounting: Crackle finish aluminum panel and sides. Alu-
minum cover finished in elear lacquer.

Dimensions: Panel, 914 x 514 inches; depth behind panel,
414 inches,

Net Weight: 814 pounds.

connector;

Type | | Code Word |  Price
1216-A* Unit I-F Amplifier................ cosaveerarsss  JAMONG $335.00
480-P4U2 Relay-Rack Adaptor Panel .........c..cccvvnvviniininnnnnn. UNIPANBOLT 10.00

*PATENT NOTICE. Ser Note 4, page &
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AMPLIFIERS

TYPE 1233-A POWER AMPLIFIER

20 c to 20 ke

USES: The wide frequency range and high
power output of this amplifier make it adapt-
able to many uses in electronic and electro-
acoustic laboratories. Typical uses are:

Driving acoustic generators.

Exciting antennas for radiation-pattern and
impedance measurements.

Amplifying received signals for operating
remote modulation and frequency monitors.

Amplifying weak signals for oscilloscope
deflection.

20 ke to 1.5 Mc

20 cto 3 Mc

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

SPECIFICATIONS

Input Voltage: Less than 0.2 volt for full output.

Input Impedance: 100,000 ohms in parallel with 87 ppf

(grounded).

Power Supply: 105 to 125 (or 210 to 250) wvolts, 40 to

60 ¢; 120 watts at zero output; 140 watts maximum.
Instrument will operate with a maximum output of 10

watts on power-supply frequencies up to 400 cycles.

Power input receptacle will accept either 2-wire
(Type CAP-35) or 3-wire (Tyee CAP-15) power cord.
Two-wire cord is supplied. For 3-wire, see page 237.
Voltmeter: Full-wave-average type; 150, 50, and 15
volts f.s.; Accuracy =59, compensated to 3 Mc.

Distortion
Range Switch Operating ouTPUT Optimum Load | Rise | at Rated
Position Freg. Range Power* Voltage Impedance Time | Output Noise Level
20 ¢ to 20 ke 20 ¢ — 20 ke 8 watts 600 or 1509 3%, 60 db below 15
50 c— 15 ke 15 watts watls, or equiv-
alent to 200 puv
input,
20 ke to 1.5 Me 20 ke — 1.5 Mc¢ 8 watts 502 grounded 3% |70 db below 15
20 ke — 0.5 Me 15 watts watls or equivalent
to 63 pv input.
20 ¢ to 8 Me 20 ¢ — 3 Mec 150 wolts, | CRO  deflec- | 0.1 3% | 0.6V, peak to peak,
ak-to-peak, | tion plates; 1| psec. bal, or equivalent
Eealz 50 wvolts| MQ, 86" leads to 600 uv peak-
|grounded to-peak input.
Disconnected Any single fre- | 15 watts, with external tuned output transformer
quency, 20 ¢ to
5 Me

* Rated output is obtainable at 105 volts line; output is greater for higher line voltages,

1 usec

0.2 psec

@! File Courtesy of GRWiki.org

2 usec

Output pulse waveforms 20c to 3 Me range;
input pulse rise time, 0.03 gsec; three pulse
Aoz lengths shown.
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AMPLIFIERS
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IKB 20¢c-to-3Me range is given a smooth roll-off at Ph Shi P for Tyee 1 P
the high end to % | transient response. ase Shift versus frequency for Tyre 1233-A Power
Amplifier.
Frequency Response: See plot.
Phase Shift: See plot. Accessories Supplied: Two Type 274-MB Double Plugs;
Tube Complement: 2—6AC7 2—6AGT two Type 874-C58 Cable Connectors; two spare line
2—807 1—6J6 fuses; Type CAP-35 Power Cord.

Terminals: Input and output, Type 874 Coaxial Termi-
nals with ground post for double-plug connection;
Tyee 938 Binding Posts for balanced output.

Type

19 x 7 inches; over-all,

l Price

Dimensions: Relay-rack panel,
? x 1514 % T4 inches.
Ne! w'lghr 4614 pounds.

| Code Word

1233-A | Power Amplifier...............

PATENT OFFICE, See Note 4, puge x.
TYPE 1206-B

vesssses |  ANGER | $560.00

......

UNIT AMPLIFIER

This well-designed, compact amplifier de-
livers 3 watts at audio and ultrasonic frequen-
cies. It has many uses in the laboratory—
as a bridge amplifier, a driver for low-power
electronic and electro-acoustic devices, and
as an amplifier for use with the Tyee 1210-C
Unit  Oscillator. Excellent low-frequency
response. Uses single-ended push-pull ecircuit.

The Unit Amplifier plugs conveniently into
a Unit Power Supply (pages 142-144).

SPECIFICATIONS

Power Output: With 800-volt plate supply, 600-2 load:
3 watts from 10 cycles to 50 ke: 1.5 watts from 5 cycles to
100 ke; 0.5 watts at 250 ke.

Distortion: Less than 19, harmonic distortion with 2
watts output (29, with 8 watts) into 600 ohms from 20
cyeles to 40 ke.

Tvyee 1201-B Unit Regulated Power Supply.

Power Requirements: 6.3 volts, 2.7a; 300 volts, 50 ma.
Tyee 1203-B Unit Power Supply is recommended.

Power Supply: The amplifier plugs direétly into any one
of the Unit Power Supplies (pages 142-144). It can be
rigidly attached with crps supplied to form a complete
assembly. The combination will operate satisfactorily
from a 400-cycle supply.

Pulse Response: No Load | 6002
Droop in 80-cycle square wave 159, |20%,
Approx. Rise time: 50 v peak-to-peak 1 usec. |2 usec.
100 v peak-to-peak | 2 usec. |4 usec.
Max. output, peak-to-peak magnitude: | 260y | 120 v

load Impedance: 600 ohms optimum. Blocking capaci-

tor is 100 uf, (Internal |mpedance about 100 ohms.)

Input Impedance: 100,000 ohms in parallel with 85 uuf.

Fugutnq Response: Down less than 3 db at 2 cycles
500 ke at IU volts (or less) output with gain control

set at maximum. See also power output specification.

Veltage Gain: Continuously adjustable. Maximum gain

is 50 to 1, (34 db) with no load.

A-C Hum in Output: Less than 15 mv, rms, with Tvee

1203-B Unit Power Supply; less than 8 mv, rms, with

Supplied: Multipoint connector.

Tube Complement: One 12AX7 and two 6W6-GT.

Terminals: Jack-top binding posts with 3{-inch spacin
Mounting: Aluminum cabinet and chassis for be
mounting. Relay-rack panel available.

Dimensions: Panel, (width) 84 x (height) 514 ; depth be-
hind panel, 514 inches. Net Weight: 4 pounds.

-

a D

e

Type | | Code Word |  Price
1206-B* Unit AmplHer . .oiiiiisaiininiiiais ssasssanisios e ARBOR $85.00
1203-B Unit Power Supply B A R eSS ALIVE 40.00
480-P4U3 | Relay-Rack Panel for Amplifier and Powef Supply ...... UNIPANCART 10.85

*PATENT NOTICE. See Notes 5 und 9, page x.
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FREQUENCY MEASUREMENT

The determination of frequency directly in
terms of time is a fundamental measurement,
since frequency is the time rate of recurrence
of a eyclical phenomenon.

Axiomatically, the basis of frequency meas-
urement is time measurement, and, notwith-
standing the discovery of atomic or molecular fre-
quency standards, all frequency measurements
are at present referred, directly or indirectly,
to a standard time interval, determined by as-
tronomical observations. There is more than
one definition of time.! For frequency deter-
minations and for standard-frequency radio
transmissions, Universal Time is used, which
is the same as Greenwich Mean Time and is
based on the rate of rotation of the earth.

The astronomical observations are carried
out by national observatories throughout the
world. Their measurements are made available
to users all over the world through radio time-
signal transmissions, as well as by telegraph
in their respective countries. In the United
States, the U, S. Naval Observatory transmits
high-precision time signals by radio through
the facilities of the U. S. Naval Radio Sery-
ice. Transmissions on a number of frequencies
are available several times a day and can be
received nearly all over the world. Standard
time signals monitored by the Naval Observa-
tory are also broadeast continuously by the
standard-frequency transmitters of WWYV, op-
erated by the Bureau of Standards. A similar
service is provided in Canada by the Dominion
Observatory.

The user of a primary frequency standard
can then conveniently determine the fre-
quency of the standard in terms of the stand-
ard time interval sent to him by radio. In the
General Radio equipment means are provided
for quickly and easily making this comparison.
For the most precise results, the errors of the
transmitted time signal must be taken into
account. Correction data may be obtained by
applying to the Superintendent, U. S. Naval
Observatory, Washington, D. C.

Since the astronomical clocks now used
at the Naval Observatory are piezo-electric
oscillators, similar to those used in accurate
frequency standards, and since, through close
cooperation of the U. S. Naval Observatory
and the National Bureau of Standards, the
piezo-electric oscillators of the latter’s pri-

'F. D). Lewis, "Fregqueney and Time Standards™. Proe. THE, Seplember,
1955, (Repring is availahle)

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 sent oul by the Bureau
of Standards consequently represent a pri-
mary standard of high precision available to
all who can receive the transmissions. Where
such transmissions can be received, it is
generally more convenient and much quicker
to make the comparison by frequency than by
time. For information and schedules of trans-
mission of standard frequencies, apply to the
Radio Division, Bureau of Standards, Deparl-
ment of Commerce, Boulder, Colorado.

A calibration againsl transmitted radio fre-
quencies yields a pseudo-instantaneous fre-
quency value of the standard: while a calibra-
tion against transmiltted time signals yields an
average frequency value of the standard during
the period between successive observations
which, for precision, must be an interval of
several hours.

ASTRONOMICALLY
DETERMINED
TIME
STANDARD
TIME INTERVAL
—1
P 1
- -
| ol
JmuLTivieraTor
:_— O.lke 4 | | ot 2
- | MULTIVIBRATOR z 8
F ke b “
| :l log 3
P_, MULTIVIBRATOR 458 1o §
i 1Oke j "| =
w
L _ .| MULTIVIBRATOR | 3 | o0 U
i 100ke o
l °‘ [ x
L.  Power |
| SUPPLY P =
| I r N §
| VOLTAGE o, |l.o® Y
| REGULATOR Ig'g “? 3
t ——g5 | | E
| I§° —10
i STANDARD
L_J  FREQuency || K\
OSCILLATOR | _o®
100 ke
L 10*

Ficure 1. Block diagram showing the functional ar-

rangement of the Tyee 1100-APY Primary Frequency

Standard and the range of output frequencies
available from it.
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FREQUENCY

Because of the vagaries of high-frequency
transmission, many users rely on checks
against time as a reserve. They also use the
primary standard as a high-precision clock
for laboratory timing purposes.

As so far considered, the precision oscillator
is a single-frequency device. For practical
utility it is necessary to obtain from this single
frequency many other frequencies, both above
and below the standard frequency, for con-
venience in measurements. Since most of the
precision oscillators operate in the region of
50 to 100 ke, it is necessary to divide the fre-
quency to obtain a value such that a syn-
chronous motor can be used to count the
number of cycles executed by the precision
oscillator in a standard interval of time. For
measurements of high radio frequencies, it is
necessary to multiply the standard frequency
to obtain useful frequencies in the range of the
frequency being measured. Both of these
operations are readily performed by a con-
trolled relaxation oscillator, known as a multi-
vibrator.

THE PRIMARY FREQUENCY STANDARD
TYPE 1100-APV

The elements of a primary frequency stand-
ard, General Radio Type 1100-APV, are shown
in Figure 1.

The frequency of the precision oscillator is
100 ke, which is divided successively by fac-
tors of 10 to obtain multivibrator fundamental
frequencies of 10, 1, and 0.1 ke. A fourth
multivibrator, operating at a fundamental
frequency of 100 ke, provides a large number
of harmonies at 100-ke intervals for use at
high radio frequencies. Harmonics of the 10-ke
multivibrator are similarly used. In the audio-
frequency and low-frequency range (up to 100
or 200 ke) hundreds of known frequencies can
be identified by the relation to the standard

Ficure 2. View of the Tyre 1190 Quartz Bar used in
Tyee 1100-A Frequency Standard, with cover re-
moved, showing the spring suspension.
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Ficure 3. Elementary circuit of the bridge-type piezo-
electric oscillator used in the Tyee 1100-A Frequency
Standards.

10-ke frequency as indicated by stationary
patterns on a cathode-ray oscilloscope.

The range of useful output frequencies ob-
tainable from the General Radio Primary
(or Secondary) Frequency Standard is indi-
cated in Figure 1. Complete specifications are
given on pages 74 to 76.

This frequency standard is the result of
many years of continuous 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
in 10* over periods of several months, and a
short-period stability of 0.5 part in 10% per
day after one year's operation. The quartz bar
and its mounting are shown in Figure 2. The
bar vibrates in its second-harmonic exten-
sional mode and is held at its two nodes in a
spring suspension mounting in such a manner
as to introduce a minimum of damping. Elec-
trodes are formed directly on the surfaces of
the quartz. The cross-sectional dimensions of
the bar have been so chosen that the tempera-
ture coefficient of frequency is zero in the
vicinity of the operating temperature of 60° C,
The temperature-control system holds the
temperature of the quartz bar constant to
better than 0.01° C.

A bridge-type oscillator circuit is used,
shown in schematic form in Figure 3. In this
circuit, the crystal vibrates at its series-reso-
nant frequency, and the amplitude of oscilla-
tion is constant.

THE SECONDARY FREQUENCY STANDARD
TYPE 1100-AQV

In the past there was a useful field for fre-
quency standards of less than the best possi-
ble precision, such standards being checked
frequently against standard frequency trans-
missions. These standards could be 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.

File Courtesy of GRWiki.org
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Ficure 4. This diagram shows the relation between an
unknown frequency and a standard harmonic series.

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.
Consequently, the same component units are
offered for use as a secondary standard—the
precision oscillator, and multivibrator and
power supply unit, but without the Synecron-
ometer unit, (This latter unit can be added
later, if desired.)

THE UNIT TIME/FREQUENCY CALIBRATOR
TYPE 1213-C

For applications such as receiver or oscilla-
tor testing and calibration, band-edge check-
ing, frequency and time-marker generation, the
Type 1218-C Unit Time/Frequency Calibrator
has been developed. It provides standard-
frequency harmonics at multiples of 10 Me,
1 Me, 100 ke, and 10 ke, which extend above
1000 Me, 500 Me, 250 Me, and 25 Me re-
spectively. Calibration of time intervals on
oscilloscopes is possible using the output pulses
provided at intervals of 0.1 us, 1.0 ps, 10 ps,
and 100 us. The small size, low cost, and good
stability of the calibrator make it useful where
the high stability and precision of the primary
orsecondary standard of frequency is not neces-
sary, or where the installation of such rela-
tively elaborate equipment is not feasible. In
addition, the availability of time markers for
oscilloscopic measurements and a self-con-
tained beat detector for oscillator calibration
enables this instrument to solve many labora-
tory measurement problems formerly requiring
several different items of measuring equip-
ment.

By means of simple, auxiliary oscillators
and an oscilloscope, this calibrator, when
standardized in terms of standard-frequency
transmissions, can be used to measure frequen-
cies up to 1000 megacycles per second with
very good accuracy. 1t is particularly adapt-

able to the checking of the frequencies of
radio and television transmitters and monitors.
The method of measurement is discussed in a
paper by Cady and Buuck?, copies of which
are available on request.

FREQUENCY MEASUREMENT

The ultimate precision in the measurement
of an unknown frequency requires establish-
ment of a series of standard frequencies em-
bracing that portion of the frequency spec-
trum in which the measurement is to be made,
followed by an evaluation of the unknown
frequency with reference to one of the stand-
ard frequencies. Since any unknown frequency
will lie between two of the standard frequency
harmonics, as shown in Figure 4, the simplest
process is to determine the difference in fre-
quency between the unknown frequency and
the nearest of the standard frequencies. This
difference is added to the standard frequency
if the unknown lies above the standard, or
subtracted if the unknown lies below the
standard frequency.

A convenient method of evaluating the fre-
quency difference, A or B (Figure 4), consists
of beating the standard and unknown frequen-
cies in a detector and measuring the beat fre-
quency by means of a frequency-measuring
device covering the required interpolation
range between the standard frequencies. Any
one of a number of devices suitable for meas-
uring the beat frequency may be used, includ-
ing an accurately calibrated audio oscillator
with a beat indicator, an electronic counter,
or a direct-indicating frequency meter.

Perhaps the most reliable method of measur-
ing this beat frequency is that making use of
the calibrated audio oscillator, as shown in
Figure 5. An advantage of this method is that
a narrow-band receiver can be used when fre-
quencies of remote transmitters must be meas-
ured in the presence of interference, noise, or

2L AL Cady and W. P. Buuck, “Frequeney Messurements in the
Broadeast Field” (Paper delivered at Wescon, 1958).

STD.
——— PHONES OR
DET. BEAT
/ INDICATOR
: 1"
CALIBRATED
AUDIO
OSCILLATOR

Ficure 5. Functional diagram showing the opera-
tion of the direct-beating method of frequency
measurement.

71

File Courtesy of GRWiki.org



FREQUENCY

fading. In severe cases of noise, a heterodyne
frequency meter can be matched to the de-
sired frequency, and the measurement can be
completed with the frequency meter as a
substitute source, under conditions where no
other method can be used. A further advan-
tage of this method of operation is that the
difference frequency is nearly always an
audible tone, and the proper source for meas-
urement can be identified by a listening test,
as can all steps of the measurement. When
depending upon counting or meter indications,
the operator has no check on the presence or
absence of interference or noise.

By use of the heterodyne frequency meter,
any desired frequency can be set up and can
be measured or monitored in terms of the
standard. The equipment thus not only pro-
vides a means for measuring frequencies, but
also provides for generating accurately known
frequencies.

100 10 1000
Me fo W

UNKNOWN FREQUENCY
BETWEEN
100 AND 1000 Mc

UNKNOWN FREQUENCY

BETWEEN
100z fo 100 |00ke AND 100Me
=] i EARPHONES
§ ! T*D'fs = [\o
s~ X INTERPOLATION
e (T g
gfg‘ _____ i i
ts SPEAKER

18

UNKNOWN FREQUENCY
BELOW |00ke
fx CIRCULAR

SWEEP
100¢, Ike, of |0ke from FREQ STD.
< I00ke Q 0 T8k Trom N7 0SC.
SCOPE PATTERN

(LISSAJOUS PATTERN
IDENTIFIES FREQUENCY

ALSO AVAILABLE O-Ske)

Ficure 6. Functional diagram of the frequency-
measuring system. The unknown frequency is
normally applied to the detector section of the
frequency transfer unilt together with a series of
standard harmonics. It can then be precisely de-
termined through measurement of the difference
between unknown and standard in terms of the
interpolation oscillator. For high frequencies the
harmonic of an auxiliary oscillator can be matched
to the unknown, while the oscillator fundamental
is measu
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The Tyre 1105-A Frequency Measuring
Equipment is an assembly of the necessary
instruments for measuring unknown frequen-
cies in terms of standard-frequency harmonics
obtained from the Type 1100 Frequency
Standard. This assembly includes an inter-
polation oscillator and comparison oscilloscope
for the measurement of audio and beat fre-
quencies, as well as the necessary radio-
frequency detectors and calibrated oscillators
used in the measurement of the higher fre-
quencies. For a complete description, see pages
76 Lo 78.

HETERODYNE FREQUENCY METERS

In addition to the heterodyne-frequency-
meter oscillators included in the Tyee 1105-A
Frequency Measuring Equipment, specialized
types of heterodyne-frequency-meter oscilla-
tors have been developed to cover higher
frequency ranges.

The Tyre_720-A Heterodyne Frequency
Meter, described on page 87, contains a
calibrated oscillator, using the General-Radio-
developed butterfly circuit, covering the
fundamental frequency range of 100 to 200
Me, together with a suitable detector circuit
and audio amplifier for detecting beat notes.
The stability of this oscillator is sufficient to
provide measurements to an accuracy of 0.19.
Harmonics of the oscillator enable frequency
measurements up to 3000 megacycles to be
made. This one instrument, being battery op-
erated, directly calibrated, and completely
portable, is the basic vhf-uhf frequency-meas-
uring device for many laboratory or field
applications.

If the fundamental of the heterodyne fre-
quency meter is checked against the Tyrs 1100
Frequency Standard, the accuracy of measure-
ment at the harmonics can be improved to ap-
proximately 0.019,.

For frequency measurements up to about 30
Me, a simplified frequency-measuring set-up
can be used, in conjunction with the Typer
1100 Frequency Standard and a sensitive high-
quality receiver. This assembly omits the
heterodyne frequency meters and consists of
the interpolation oscillator, comparison os-
cilloscope and coupling panel.

AUDIO FREQUENCIES

For the measurement of audio frequencies
the Tyee 1107-A Interpolation Oscillator of-
fers the convenience of a linear scale.
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TYPE 1100-A FREQUENCY STANDARDS

The Tyee 1100-A Frequency Standards are
highly precise standards of frequency, operat-
ing on the principles outlined on pages 69 and
70. Two models are available, the Tyre
1100-APV Primary Standard and the Tyre
1100-AQV Secondary Standard. The same
basic elements are used in each, and there is
no difference in accuracy and stability be-
tween the two assemblies.

The primary standard is provided with a
Syncronometer (synchronous motor clock)
for evaluating its frequency- directly in terms
of standard time. The secondary standard
has no Syncronometer. All other specifica-
tions are identical with those for the primary
standard.

Harmonie series based on fundamentals of
0.1, 1, 10 and 100 kilocycles are available at
its output terminals to furnish usable stand-
ard frequencies over a wide range. The sta-
bility of all output frequencies is the same
and is better than one part in ten million
over periods of several weeks.

Each assembly is supplied in a floor-type
relay rack.

A functional layout of the standard is
shown on page 69. Brief descriptions of the
individual units are given on the following
page, and complete specifications on page 75.

A specially designed assembly of frequency
measuring equipment for use with these
standards is desecribed on pages 76 to 78.

General Radio Frequency Standards are
known the world over for reliability and ac-
curacy. They are used by governmental agen-
cies, industrial plants, military services, and
research laboratories. Current models have
all the features of earlier ones, plus many
additional advantages in convenience, size,
weight, performance and appearance, that
result from General Radio’s continuous pro-
gram of research and development in the field
of frequency standardization and measure-
ment.

The primary standard is an excellent na-
tional standard of frequency for communica-
tions ministries, and with the Type 1105-A
Frequency Measuring Equipment, can be
used to monitor or to measure the frequencies
of radio stations. It is also suitable for use as
a standard clock by observatories. Research
laboratories and radio manufacturing plants
should use the primary standard whenever
the requirements make it advisable to have
an independent check against time.

Close-up view of the Tyee 1100-APV Primary Fre-

quency Standard. Lower part of the floor-type relay

rack is not shown. The complete rack is similar to

that shown in the phntograpb on page 76. The volt-
age regulator is not shown in either view.

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 Bureau
of Standards at Washington. This comparison
is adequate to evaluate the frequency of the
standard to a few parts in 108,
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Shown below are the individual panels that
make up the standard, with brief descriptions
of their characteristics. Additional details of

TYPE 1103-A SYNCRONOMETER

This panel includes a 1000-cycle synchronous motor
for effectively counting the number of cycles executed
by the standard piezo-electric 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 second, and calibrated
in hundredths of a second, is provided for comparison
with time signals, The microdial mechanism can be
phased by means of a panel control. Comparison of the
syncronometer reading with standard time can be made
on the microdial scale to one part in ten million over a
24-hour interval. When the microdial is used in conjunc-
tion with the Tyee 1109-A Comparison Oscilloscope,
time comparisons can be made to one millisecond or one
part in 10° for 24 hours.

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 circuits oF the temperature-
control system of the Type 1101-A Piezo-Electric Oscil-
lator. Concentric shielded connectors are provided for
100-ke and 10-ke harmonic outputs for radio-frequency
measurements, and 10 ke, 1 ke and 0.1 ke for audio-fre-
quency measurements. These connections are all mounted
on the rear of the assembly. All tubes are accessible from
the rear, without removal of any dust covers. The four
multivibralors are mounted on the rear panel, which is
removable without disconnecting any wiring. Mounting
spacers and servicing cable are supplied to operate the
multivibrators when the panel is reversed, giving access to
all components of the muﬁ)ﬁ\'ibmlor assembly.

TYPE 1101-A PIEZO-ELECTRIC OSCILLATOR

This oscillator operates with a Type 1190 Quartz Bar,
which is mounted in the temperature-control unit, located
at the left behind the panel. The temperature is con-
trolled by a compensated-thermostat circuil and is held
within 4 of the variation in ambient temperature.
The oscillator circuit assembly is mounted at the right
behind the panel. All tubes are accessible from the rear
without removing any dust covers.

A view of the Type 1190 Quartz Bar is shown on

page 70.

TYPE 1570-ALR (or-AHR)
AUTOMATIC VOLTAGE REGULATOR

This latest addition to the frequency standard holds

TYPE 480-PA CABINET RACK

(not shown above, see page 76 for photo)

A floor-type cabinet rack is supplied to house the
complete frequency standard. When the Tyee 1105-A

circuit and construction will gladly be sup-
plied upon request. Specifications and prices
are listed on page 75.

supply voltage constunl Lo 0.25%, with resultant increase
in frequency stability of the crystal oscillator. Description
and photo on page 216. The standard can also be supplied
without voltage regulator.

Frequency Measuring Equipment is ordered with the
standard, the complete assembly is mounted as shown
on page 76. Openings, with removable finished covers,
are provided for connections between the standard and
the Type 1105-A Frequency Measuring Equipment.

SPECIFICATIONS

Frequency Range: Standard frequencies ranging from one
ﬁgise per second to frequencies of several megacycles can
obtained from this equipment.
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The output frequencies are as follows: The upper fre-
quency limit depends upon the method used to detect
and utilize the harmonics. The values here quoted are
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easily reached when using the Tyre 1106 Frequency
Transfer Units.

From 100-ke multivibrator, 100 ke and its harmonies
up to 50 megacycles.

From 10-ke multivibrator, 10 ke and its harmonies up
to 10 megacycles,

From 1-ke multivibrator, 1 ke and its harmonies in
the audio-frequency range.

From 100-cycle multivibrator, 100 ecycles and its
harmonics in the lower audio range.

From the syneronometer unit, one-second contactor.
The time of occurrence of the contact may be phased
to oceur al any instant over a range of one second,

This contact is open for about 50 and closed for 850
milliseconds,

If a suitable high-frequency receiver is used to detect
them, 100-ke harmonies up to 75 or more megacycles
can he ulilized directly. For work al higher frequencies,
harmonies of an auxiliary oscillator whose fundamental
is monitored against the standard at a lower frequency
can be used.

Output Voltage: The harmonic outputs of the 100 and 10
ke are at low impedance (65 ohms). The r-m-s voltages,
measured al the terminals of the frequency standard,
across a 65-ohm load, are: at 100 ke, 0.2 volt; and 10 ke,
1.2 volts. The audio-frequeney outputs are at low imped-
ance (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 valts; 1 ke, 25 volts; 100 cyeles, 20 volts,
These voltages are representative only; they are nol
guaranteed values.

Frequency Adjustment: The frequency of Lthe guartz bar in
its oscillator cirenit 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 ship-
ment, but a control is provided for adjusting the fre-
quency after installation.

long-Term Stability: When the assembly is operated in
accordance with instructions, and after an aging period
of g month, the rate of drift of the frequency will remain
below 5 paurts in 10° per day averaged over 10 days and
this will decrease wilL lime Lo aboul 0.5 part in 10° per
day al the end of one year's operation,

Short-Term Stability: The standard is designed so that
ordinary changes in air pressure, ambienl lemperature,
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 variation of the oven is less than Y of
the ambient temperature variation. The voltage coefficient
of frequency of the erystal-controlled oscillator is less than
2 parts in 10* for line voltage changes of 10%,. The voltage
regulator eliminates fluctuations from this source.

The fluctuations of frequency of the standard over
short periods, such as those required in making fre-
quency measurements, are less than 1 part in 107,

Output Terminals: The wvarious output frequencies are
made available al Tyre 874 Coaxial Connectors at the
rear of the assembly. Since all necessary wiring, for all
interconnections between units of the assembly, is pro-
vided in the form of cables, no connections need be made
by the user other than power-supply connections, and a
connection Lo the point where L‘;’e standard frequencies

are to be used.
Tube Complement:
1—6ACT 1—5R4-GY 1—6K6-GT/G
10—6SN7-GT 1—IN34A 1—2LAP-430

Power Supply: 105 Lo 125 (or 210 to 250) volls, 60 cycles.
Specify voltage when ordering. For 50-cycle models, see
price table below.

Power input receptacle will accept either 2-wire
(Tyre CAP-35) or 8-wire (Tyre CAP-15) power cord.
Two-wire cord is supplied. For 3-wire, see page 237.
Power Input: For the Tyre 1100-AQV Secondary Standard,
the power demand from the supply line is approximately
190 walts; with heaters off, the power required is approx-
imately 160 watts. For the Tyee 1100-APV Primary
Standard, the corresponding figures are 210 and 180
walls, respectively.

Accessories Supplied: . Complete set of tubes, spare sets of
fuses, fusible links, pilot lights. All connecting cables,
including power-supply leads, servicing eable, and com-
plete operating instruetions.

Mounting: All units are mounted on standard 19-inch
relay-rack panels finished in crackle lacquer, dress panel
construction. A floor-type cabinel rack, wrinkle finish, is
supplied for mounting the units of the assembly. Blank
panels are supplied to fill unused portion of rack.
Dimensions: The over-all dimensions of the assembly in
floor-type cabinet rack are (height) 76l > (width) 22
% (depth) 2015 inches, over-ull. The available panel
space is 40 rack units or 70 inches.

Net Weight: In floor-type racks, Tyre 1100-APV, 302
pounds, Tyrr 1100-AQV, 857 pounds.

Type | |  Code Word | Price
1100-APV Primary Frequency Standard (for 60-cycle service) ... EXCEL $2930.00
1100-AQV Secondary Frequency Standard (for 60-cycle service) EXACT 2180.00
1100-APVQ6 | Primary Frequency Standard (115 volts, 50 cycles)... | ExcELPASHA 2955.00
1100-AQVQ6 | Secondary Frequency Standard (115 volts, 50 cycles) | ExacTrrasna | 2205.00
1100-APVQ11 | Primary Frequency Standard (230 volts, 50 cycles) ... | EXCELREGAL | 2955.00
1100-AQVQ11 | Secondary Frequency Standard (230 volts, 50 cycles) | ExAcTREGAL | 2205.00

PATENT NOTICE, See Notes 1.2, 4, page x.

The Tyer 1116-A Emergency Power Supply, a vibrator-type instrument operating from storage batleries is available on
special order. When the ac line fails, this power supply is swilched into service automatically, withoul interruption of the

liming sequence.

The Tyer 1100-APV  Primary Frequency Standard

consists of :
1 Tyee 1103-A Syncronomelter
1 Tyee 1102-A Multivibrator and Power Supply Unit
1 Tyer 1190-A Quartz Bar Mounted in Oseillator
1 Tyee 1101-A Piezo-Electric Oscillator
1 Tyee 1570-A Automatic Voltage Regulator
Relay Rack, Blank Panels, Connecting Cables

The Tyre 1100-AQV Secondary Frequency Standard
consists of:

1 Tyre 1102-A Multivibrator and Power Supply Unit

1 Tyee 1190-A Quartz Bar Mounted in Oscillator

1 Tyer 1101-A Piezo Electric Oscillator

1 Tyre 1570-A Automaltic Voltage Regulator

Relay Rack, Blank Panels, Connecting Cables
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TYPE 1105-A FREQUENCY MEASURING EQUIPMENT

View of Tyee 1105-A Frequency Measuring Equip-

ment with Tyee 1100-APV Primary Frequency Stand-

. ard. The measuring equipment assembly is supplied

with one floor-type relay rack, and the Tyee 1107-A

Interpolation Oscillator mounts in the frequency
standard rack, below the standard.

The Type 1105-A Frequency Measuring
Equipment is the result of a quarter century
of continuous development, and simplicity of
operation has, next to accuracy, been the
guiding principle in its design.

It includes all the auxiliary equipment
necessary for the accurate measurement of
unknown frequencies in terms of the Type
1100-A Frequency Standards.

When this assembly is used with any model
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of the Type 1100-A Frequency Standard,
measurements can be made directly at fre-
quencies up to 25 Mc. Measurements at higher
frequencies can be made by using the transfer-
oscillator method to transfer the unknown fre-
quency in known harmonic steps to a frequency
in the direct-measurement range.

The individual instruments comprising the
Type 1105-A Frequency Measuring Assembly
are available separately, and all are described
in detail in the following pages. 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 quo-
tations will be made upon request.

METHOD OF MEASUREMENT

The general method of measurement is out-
lined in the diagram on page 72. At radio fre-
quencies between about 100 ke and 100 Me,
the unknown frequency is brought into the
measuring system through the detector section
of a frequency transfer unit or through an
external radio receiver. The direct-reading
scale of the frequency transfer unit gives the
approximate value of the unknown frequency.
For a precise determination, the beat fre-
quency between the unknown and a standard-
frequency harmonic is measured by comparison
with the interpolation oscillator, the compar-
ison being made on the oscilloscope.

Above 100 Mc an external frequency meter
such as the TYpE 720-A can be used to estab-
lish a harmonic relation between the unknown
and the standard frequency. Other types of
stable oscillators can also be used for this
purpose.

At audio frequencies, the interpolation os-
cillator is matched directly to the unknown
frequency. A harmonic of the unknown can
be measured at low audio and sub-audible
frequencies.

Between about 5 ke and 100 ke, the interpo-
lation oscillator is used to produce a variable-
frequency circular sweep on the oscilloscope.
The unknown frequency can then be deter-
mined from the oscilloscope pattern.

By reversal of the procedure of measure-
ment, a precisely known frequency of any value
between 100 ke and 100 Mc can be generated.
The desired frequency is available at the output
terminals of a frequency transfer unit. From
the interpolation oscillator, audio frequencies
between 0 and 5000 cycles are available.
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TYPE 'IIO9-A COMPARISON OSCILLOSCOPE

This unit contains a cathode ray oscilloscope, with
its power supply; selecting, smoothing, and phase-
shifting networks for circular sweeps at line frequency,
0.1, 1, and 10 ke standard frequencies, and at a variable
frequency obtained from the interpolation oscillator;
and a selector providing for all necessary and con-
venient comparisons required in making frequency
measurements. Most patterns are presented on a cir-
cular sweep by radial deflection.

For complete description, see page 83.

TYPE 1106-A, -B, -C FREQUENCY
TRANSFER UNITS
(8 Panels)

Each of these units contains a heterodyne frequency
meter and heterodyne detector, with direct-reading
scales. Ranges are as follows:

Type 1106-A 100 ke to 2000 ke
Tyre 1106-B 1 Mcto 10Me
Tyre 1106-C 10 Mcto 100 Mc

The harmonic output of the frequency 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 heterodyne
detector.

For complete description, see page 79.

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
easily and quickly carried out.

For complete description, see page 82.

TYPE 1107-A INTERPOLATION OSCILLATOR

This unit is a direct-reading audio-frequency oscilla-
tor covering frequencies from 0 to 5000 cycles. It is used
to measure the audio-frequency difference between the
unknown frequency and a standard 10-ke harmonic.
Provision is made, on two scales, so that results can be
obtained by addition only, avoiding subtraction. A
mixer circuit is provided with controls for output of the
interpolator and for the unknown frequency, so that a
maximum beat amplitude can be obtained. A meter
indicates output voltage and can be used as a beat in-
dicator for matching the interpolator and unknown
frequencies.

For complete description, see page 81.

-

TYPE 480-MA RELAY RACK

The individual units, with the exception of the Typre
1107-A  Interpolation Oscillator, are mounted in the
Type 480-MA Relay Rack. At the base of the rack is

mounted a Type 1105-P1 Speaker for audible monitor-
ing of beat tones.

All connections between standard and measuring
assembly are made by means of patch cords, which are
supplied.

Each of the instruments comprising the Type 1105-A Frequency Measuring Equipment is available separately. All are completely
described in the following pages, and those descriptions should be consulted for further details of design and construction, net weight,

dimensions, ete.
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TYPE 1105-A FREQUENCY MEASURING EQUIPMENT
SPECIFICATIONS

y of Measur t: The accuracy of measurement that
ean be realized is = 0.1 eycle in determining the difference
between unknown and standard frequencies. The resolu-
tion varies with the frequency being measured, ranging
from 2 in 10% at low frequencies to 1 in 10% at high [re-
quencies.

Terminals and C : All instruments are equipped
with Tyre 874 Coaxial Connectors on the rear of each
unit. Suitable connecting cords are supplied.

Power Supply: 105 to 125 (or 210 to 250) volts, 50-60
eyeles. Power input receptacle will accept either 2-wire
(Tyrr: CAP-35) or 3-wire (Tyre CAP-15) power cord,
Two-wire cord is supplied. For 3-wire, see page 237.

T'ype

Power Input: 200 watls.

Accessories Supplied: Spare sets of fuses; blank panels; con-
necting cables, including power supply cords.

Mounting: The\ complete assembly, with the exception
of Tyre 1107JA Interpolation Oscillator, mounts in a
standard 19-ihch Type 480-MA Cabinet Rack. This
rack includes service outlets for each instrument. The
interpolation oscillator mounts in the frequency standard
rack, as shown in the photograph on page 76.

Dimensions: (Height) 7614 x (width) 22 x (depth) 202
inches, over-all. Total rack space is 40 rack units, or 70
inches.

Net Weight: 370 pounds, including rack.

| Code Word | Price

1105-A | Frequency-Measuring Equipment

PATENT NOTICE. See Nole 4, page x

The Tyre 1105-A Frequency Measuring Equipment
consists of:

1 Tyre 1108-A Comparison Oscilloscope.

1 Tyre 1106-A Frequency Transfer Unit.

1 Type 1106-B Frequency Transfer Unit.

This diagram shows in functional form the opera-
tion of the Tyee 1105 Frequency Measuring Assembly.
The Tyre 1108 Coupling Panel is the central unit from
which all operations are controlled.

The unknown frequency f, and a series of standard
frequency harmonics are applied through atten-

miter | $5595.00

...... CedsrssrbEssnanaann I

1 Tyee 1106-C Frequency Transfer Unit,

1 Tyee 1108-A Coupling Panel,

1 Tyee 1105-P1 Speaker Mounted on Relay Rack.

1 Tyee 1107-A Interpolation Oscillator.

Relay Rack, Blank Panels, and Connecting Cables.

uators to the detector in the frequency transfer
unit. The unknown frequency can then (1) be
estimated quickly from the calibration of the detec-
tor, (2) be determined more accurately by use of the
heterodyne frequency meter, or (3) be measured pre-
cisely by use of the interpolation oscillator.
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TREQULRCY METER

SETECYOR

TYPE 1106 FREQUENCY TRANSFER UNITS

USES: The Tyepe 1106 Frequency Transfer
Units are utilized in transferring an unknown
frequency for measurement against a frequency
standard, or for transferring a frequency
of known value (determined against the
standard) to an output ecircuit. The direct-
reading frequency calibrations will give the
approximate value of an unknown frequency
or the approximate value of a desired fre-
quency in the outpul cireuit.

When used with a frequency standard,
these units provide means for rapidly identi-
fying the harmonies of the standard: for
accurately matching the heterodyne frequency
meler lo the unknown frequency; for use as
a substitute source in measuring frequencies
under conditions of noise, fading, or of inter-
mittent operation of the transmitter; and for
obtaining any desired frequency accurately
known in terms of the standard.

The Frequency Transfer Units can also be
used as general-purpose calibrated frequency
meters and detectors.

DESCRIPTION: The Tyres 1106-A, 1106-B and
1106-C Frequency Transfer Units are identi-
cal except for their frequency ranges which are:

Tyre 1106-A 100 ke to 2000 ke

Tyre 1106-B 1 Mcto 10 Me

Tyee 1106-C 10 Me to 100 Me
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 harmonic ranges, covering
10 to 1 in frequency (20 to 1 on 1106-A). The
harmonic output can be used al frequen-
cies higher than those covered on the dial
ranges; for example, using the fundamental
frequency scales and reading ten times the
scale value gives the coverage of the tenth
harmonie. An auxiliary fine-tuning control
is provided for easily setting zero beat.

The heterodyne detector has range-switch-
ing and direct-reading frequency scales cover-
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 oblaining 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 un-
known frequency. An audio-frequency am-
plifier with an output impedance of approxi-
mately 600 ohms is provided.

On both the heterodyne frequency meter
and detector direct-reading frequency scales,
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FREQUENCY

nearly 360-degree rotation of Lthe drum dials
is used. Both are approximately straight-line-
frequency in calibration. Operation of the
range selectors automatically sets the pointers
so that the possibility of error in reading is
greatly reduced.

FEATURES:

» Dials are direct reading in frequency.

» Rangedialsareilluminated and are mounted
behind a panel 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:
Tyee 1106-A 100 ke to 2000 ke (9 ranges)
Typre 1106-B 1 Meto 10 Me (10 ranges)
Tyee 1106-C 10 Me to 100 Me (10 ranges)
The heterodyne frequency meters all have 2:1 funda-

mental ranges, with calibrated direcl-reading harmonic

seales. The heterodyne deteclors all have fundamental
ranges covering the specified band,

Calibration: The heterodyne [requency meter dials are
calibrated as follows:
Tyre 1106-A HFM I ke intervals 100-280 ke
2 ke intervals 280-560 ke
5 ke intervals  560-1000 ke
10 ke intervals 1000-2000 ke
5 ke intervals  1.0-2.0 Me
10 ke intervals  2.0-4.0 Me
20 ke intervals  4.0-3.0 Me
10 ke intervals  5.0-10.0 Me
20 ke intervals 10.0-20.0 Me
100 ke intervals 20.0-40,0 Me
200 ke intervals 40.0-50.0 Me
100 ke intervals 50.0-100,0 Me

The heterodyne detector dials are calibrated with

somewhal grealer frequency intervals, but the inlervals
permil reasonable estimation of frequency.
Accuracy: The accuracy of the heterodyne frequency
meter calibration permits positive identification of har-
monics when used with a frequency standard. Used
individually. the ecalibration can be relied upon to
=(.1 per cenl.
Frequency Stability: The circuits of the oscillators used
for the heterodyne frequency meters are designed for
high stability against changes in supply voltage or
changes in tube capacitances. The heterodyne detector
stability is not as good but is sufficiently high so that
no difficully is encountered from variations in making
frequency measurements.

Input and Output Circvits: The Imrmunw outpul of the

heterodyne frequency meters is available at shielded

Type 1106-B HFM

Tyer 1106-C HFM

coaxial connectors for use with 50-65 ohm concentric
cable. Harmonies of the fundamental frequency to at
least the 10th are usable. The radio-frequency input
and the audio-frequency output connections of the
heterodyne delector are shielded coaxial connectors.
The input cireuil is suitable for use with 50-65 ohms
cable: the output impedance is approximately 600 ohms.
Power Supply: 105 Lo 123 (or 210 to 250) volts, 50-60
vycles,

Power input receptacle will
(Tyre CAP-35) or 3-wire (Tyre
Two-wire cord is supplied, unless
as part of Type 1105-A assembly.

accepl.  either 2-wire
CAP-15) power cord.
instrument is ordered
For S-wire, see page

247.
Power Input: 40 watls.
Tube Complement:
Tyee 1106-A, -B Tyre 1106-C
3— 657 1—68J7
1 —6J5GT 1—6J5GT
1—G6SN7GT 1—6SN7GT
1—IN51 (G.E. Co.) 1—6X4
1—6X4 1—6AKS
1 —0Ds 1—-0D3
2— 0002
Accessories Supplied: Spare fuses; CAP-35 line connee-

tor cord; three Type 874-C62 Cable Connectors (if
instrument is nol ordered as part of Type 1105-A
assembly).

Contrals: Power ON-OFF swiltch; heterodyne frequency
meter PLATE supply switch; heterodyne frequency
meter and heterodyne detector RANGE (coil selector)

switches; frequency controls; heterodyne frequency
meter OUTPUT  control; heterodyne detector RE-
GENERATION control.

Mounting: Standard 19-inch relay-rack mounting; dress-
panel construction; erackle lacquer finish,

Dimensions: Panel (length) 19 x (height) 10%% inches;
behind panel, (depth) 1234 inches.

Net Weight: 4734 pounds.

Type | Caode Word , Price
1106-A | Frequency Transfer Unit 100-2000 ke..........coovennns ABOUT $1050.00
1106-B Frequency Transfer Unit 1-10 Mc .......cooeveinvinnnnnn.. ACTOR 1050.00
1106-C Frequency Transfer Unit 10-100 Mc......... i reey ADEPT 1050.00
PATENT NOTICE. See Note 8, page x. .
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FREQUENCY

TYPE 1107-A INTERPOLATION OSCILLATOR

USES: The principal use of the Type 1107-A
Interpolation Oscillator is, in connection with
a frequency standard, to measure the differ-
ence between the unknown frequency and a
known standard harmonic. The direct-reading
linear scales 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 frequency
range is 0-5000 cycles.

The linear scale of this oscillator also
makes it useful for other types of work where
accurate frequency increments are desired.
DESCRIPTION: The oscillator is of the beat-
frequency type, with the radio-frequency os-
cillators operating in the region of 45-50 kc.
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 ca-
pacitor, the fixed oscillator frequency by a
fixed air capacitor. The inductors of both
oscillator circuits are wound on ceramic forms
and are shielded, effectively eliminating un-
anted coupling and reducing the effects of
changes in ambient temperature.

An output voltmeter is provided, which can

also be used as a beat indicator for matching
the oscillator output frequency to an un-
known audio frequency. Individual controls
are provided for the oscillator output and
unknown-frequency voltages in order to secure
the maximum beal amplitude at any level.
The oscillalor outpul voltage is practically
constant over the whole range of frequency.

FEATURES:

» The fixed oscillator is provided with a
swiltch that permits changing its frequency by
exactly 5000 cycles. The corresponding fre-
quency scale reads 5000-10,000 cycles. For
the measurement of a frequency lying below
the standard frequency, the beat frequency
need not be subtracted from the standard fre-
quency to obtain the unknown frequency. In-
stead, the 5000-10,000 eycle scale is used and
the reading is added to the frequency of the
next lower standard-frequency harmonic.

» An indicator light operated by the switch
indicates the proper scale to be read.

» Stability of output frequency, and linear,
easily read scales are features of greal con-
venience in use.

» For the measurement of very small fre-
quency increments, two direct-reading incre-
mental frequency dials (one for the 0-5000
scale and one for the 5000-10,000 e¢ycle scale)
are provided.
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SPECIFICATIONS

Actual Frequency Range: 0-5000 cycles per second.

Dial Calibrations: DIRECT: 0-5000 cyeles, with the
oscillator frequency increasing from 0 to 5000 divisions
on the scale. REVERSE: 5000-10,000 cycles with the
oscillator frequency decreasing from 5000 eycles to
zero while scale reading goes from 5000-10,000 divisions.
Af REVERSE and Af DIRECT: =10 eycles.

Accuracy: The instrument is aligned to agree with the
linear direct-reading seales to within =2 cycles.

The variable capacitor is provided with a precision
worm drive so that precise frequency setlings 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 frequency
standard having a 1-ke or 0.1-ke output, or both. For
evalualing very small frequency differences, independ-
ent, direct-reading frequency-increment  dials  are
provided.

Output: Adjustable up to 15 volts. The output-cireuit
impedance is approximately 600 ohms.

Mixer Circuit A mixer circuit, with volume control, is
provided for injecting a frequency to be measured into
the amplifier circuit. Beats may be observed on the out-

Type |

put meter, or by means of head telephones or speaker.
Powlal Supply: 105 to 125 (or 210 to 250) volts, 50-60
cycles,

Power input receptacle will accept either 2-wire
(Tyre CAP-35) or 3-wire (Tyepe CAP-15) power cord.
Two-wire cord is supplied, unless instrument is ordered as
a part of Type 1105-A assembly.

Power Input: 50 walls, approximately.
Meters: Outpul voltmeter; used also as a beat indicator.
Terminals: Terminals, both on panel and al rear, are
provided for both mixer input and oscillator output.
Panel terminals are universal for two-pin or coaxial con-
nectors. Rear terminals are for coaxial connectors.
Tube Complement:
2—BACT 2—6SN7GT
3—6J5GT 1—6XaGT
Accessories Supplied: Spare fuses; Tyre CAP-35 Power
Cord; four Type 874-C62 Cable Connectors (if instru-
ment is not a part of Type 1105-A assembly).
Mounting: Standard 19-inch  relay-rack;
construction; erackle finish.
Dimensions: Panel (length) 19 x (height) 1214 inches;
behind panel, depth 12 inches. Ner Weight: 41'4 pounds.

1—0D3

dress  panel

| Code Word |

Price

1107-A | Interpolation Oscillator..............

PATENT NOTICE. See Note 4, page x,

TYPE 1108-A
COUPLING PANEL

USES: This coupling panel is designed speci-
fically for use as the centralized control panel
in a frequency-measuring equipment employ-
ing a Type 1100-AP Primary Frequency
Standard (or Type 1100-AQ Secondary Fre-
quency Standard). The panel carries the
necessary switches and volume controls for
all frequency-measurement operations.

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

|$1025.00

I BARON

heterodyne frequency meter sections; STAND-
ARD FREQUENCY HARMONIC selector,
selecting 100-ke or 10-ke harmonie outputs, or
combination; individual volume controls; DE-
TECTOR selector, for selecting input and
output circuits of 1106-A, 1106-B, 1106-C,
or an external detector (or receiver): an
ON-OFF switch and volume control for
frequency being measured; MICRODIAL
switch; TEL-SPEAKER switch for trans-
ferring between telephones and speaker and
between detector and interpolator outputs.

SPECIFICATIONS

Terminals: Al rear: by 24 shielded coaxial connectors to
all sources and instruments required; rear telephone
connection for use when adjusting standard against
standard-frequency transmissions. At front: by shielded
coaxial connectors, harmonic outpul circuits of 1106-A,
1106-B, and 1106-C heterodyne frequency meter sec-
tions; input connection for [requency being measured;

Type |

by two-point or standard telephone jack, connections
for telephone receivers,

Mounting: Standard 19-inch relay-rack mounting; dress
panel construction; erackle finish,

Dimensions: Panel (length) 19 x (height) 7 inches; depth
behind panel, 614 inches.

Net Weight: 16 pounds.

| Code Word I Price

1108-A |

PATENT NOUTICE. Ses Note 4, page x
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TYPE 1109-A COMPARISON OSCILLOSCOPE

USES: This instrument is particularly in-
tended for use with a Type 1100-AP Primary
Frequency Standard (or Type 1100-AQ Sec-
ondary Frequency Standard) as an aid in
making interpolations or checking calibra-
tions with high accuracy. With such standards
and associated measuring equipment, the
Tyre 1109-A Comparison Oscilloscope pro-
vides a convenient means of measuring audio
and carrier frequencies or of calibrating os-
cillators in these frequency ranges.

DESCRIPTION: The Tyre 1109-A Comparison
Oscilloscope contains a 38-inch, radial-deflec-
tion cathode-ray tube and its power supply.
Selective amplifiers with power supply, phase-
shift networks, and controls are provided for
obtaining circular sweeps at Lthe power line
frequency, at 0.1, 1, and 10 ke from the
frequency standard, and at variable frequency
obtained from the Type 1107-A Interpolation
Oscillator. A radial deflection amplifier is
provided, for displaying the input signal on

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 meas-
urements or calibrations.

FEATURES:

# The general use of circular sweeps provides
symmetrical and readily interpreted patterns.
» By overloading the deflection amplifier the
operator can identify easily frequency ratios
involving much higher integers than can be
identified in Lissajous patterns.

» Ordinarily in the use of calibrated oscil-
lators, it is not necessary to identify a pattern;
it is only necessary to adjust the oscillator
so that the pattern stands still. A system of
known frequencies is easily established on
the basis of the type of pattern obtained.
When used on base frequencies 10 or 100 times
higher, the same types of pattern correspond
to frequencies just 10 or 100 times higher
than the original system of known frequencies.

SPECIFICATIONS

Frequency Range: Useful patterns can be obtained over
the frequency range from very low audio frequencies to
radio frequencies of a few hundred kiloeycles. In the
range up to 100 kilocycles, an input voltage of 0.5 volt
gives full radial deflection. Larger vollages give very
useful square-wave radial deflections.

Controls: ON-OFF switch; BRILLIANCE, FOCUS,
and CENTERING adjustments for cathode-ray Lube;
sweep DIAMETER, and SHAPING controls; FRE-
QUENCY selector for circular sweep: SELECTOR for
sources Lo be compared.

Terminals: Al rear, by coaxial connectors for standard
frequencies and for sources to be compared; on panel by
universal two-point and coaxial connector to source
being measured or calibrated (0 to 100 ke or more),

Power Supply: 105 to 125 (or 210 to 250) volts, 50-60
v_vtl.'los, Other voltages or frequencies on special order
only.

Power input receptacle will accept either 2-wire
(Tyre CAP-35) or S8-wire (Type CAP-15) power cord.
Two-wire cord is supplied, unless instrument is a part of
Type 1105-A assembly. For 8-wire, see page 237.

Power Input: 30 watts, approximalely.

Tube Complement: 1—Tyre 3DP1A, 3" radial deflec-

tion Cathode-Ray Oscilloscope

2—6SN7GT 1—2X2A 1—6X5-GT
1—6J5GT 1—68J7

Accessories Supplied: Spare fuses; Type CAP-35 Power

Cord; five Tyre 874-C62 Coaxial Connectors (if instru-

ment is not a part of Type 1105-A assembly); one Tyre

274-MB Double Plug.

Mounting: Standard 19-inch relay-rack mounting; dress

panel construction; crackle finish.

Dimensions: Panel (length) 19 x (height) 7 inches; behind

panel, (width) 1714 x (height) 634 x (depth) 1214 inches.

Net Weight: 35 pounds.

Type | | Code Word |  Price
1109-A | Comparison Oscilloscope.........ccccoviiiiiiiiiiiiiinnn. | BASIN | $545.00
PATENT NOTICE. See Note 4, page x
83
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STANDARD-FREQUENCY MULTIPLIERS

USES: The Tyre 1112 Standard-Frequency
Multipliers generate sine-wave signals of 1.
10, 100 and 1000 megacycles per second when
driven from a 100-ke or 1-Me source. Alterna-
tively they can be driven from a source of 2.5
or 5 Me, in which case the 1-Me output is in-
operative. Thus, they greatly extend the use-
ful range of conventional crystal-controlled
frequency standards, such as the General
Radio Tyre 1100.

The output frequencies can be used to gen-
erate harmonic series, by means of simple
crystal multiplier and mixer circuits, to pro-
vide standard frequencies throughout the mi-
crowave spectrum for the precise measurement
of frequency.

The low noise and excellent phase stability
of the output frequencies make possible the
intercomparison of lower-frequency standard-
frequency oscillators for stability measure-
ments, and the comparison of erystal standards
with caesium-beam and ammonia types.
DESCRIPTION: The underlying principle on
which the phase-stability and noise-reduction
properties of these multipliers are based is the
use of a narrow-band filter to select only the
desired output harmonic at each output fre-
quency.

The filters used in the Tyre 1112-A Multi-
plier are quartz crystals since they afford
the highest possible Q, and hence narrowest
bandwidth, in this frequency range. In order
to maintain these crystal filters at the cor-
rect resonant frequency to pass the desired
harmonic, each crystal is incorporated in an
oscillator ecircuit whose frequency is phase

84

locked to the desired harmonic frequency by
an automatic-phase-control loop. As shown
in the block diagram, the 100-ke input signal
is multiplied to 1, 10, and 100 Me, each of
which is compared in a phase detector to a
crystal oscillator of the same nominal frequency.
The output of the phase detector corrects the
frequency of the oscillator through a reactance
tube. The bandwidth of the feedback loop is
kept narrow to minimize frequency or phase-
modulation noise.

The Tyee 1112-B Standard-Frequency
Multiplier operates from the 100-Me output of
the Type 1112-A. A phase-locked klystron os-
cillator is used as a selective filter to eliminate
unwanted harmonics of the control frequency,
thus operating in much the same manner as
the locked erystal oscillators in the lower-fre-
quency unit. The over-all multiplying factor
of 10 is obtained by multiplying 3 x 3 and
adding 1. Since, however, the Q of the kly-
stron resonator is not extraordinarily high,
the phase modulation noise inherent in kly-
strons is reduced by means of negative feed-
back. The automatic-phase-control loop for
the 1000-Mec klystron feeds back phase noise
over a wide frequency band to reduce phase
instability, the reference standard in this
case being taken as the multiplied harmonic
of the crystal-controlled 100-Me¢ driving
signal.

FEATURES:

Low noise.
Excellent stability.
20 mw output,
50-ohm impedance.

YYyvy
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Type 1112-B

1000 Mc

SPECIFICATIONS

Type 1112-A Standard-Frequency Multiplier

Spurious Signals;: Unwanted harmonies of the input fre-
quency are at least 100 db below the desired output
frequency.
Phase-Modulation Noise: Less than =1 x 107 residual
noise.
locking Range: The input signal can drift =15 parts
per million before the locked oscillator goes out of
control.
Bandwidth: (Expressed as allowable frequency deviation
rate).

Approz. Bandwidth in cps

Decade at Input Frequency
100 ke - 1 Me 10
1 Me- 10 Me 100
10 Me - 100 Me 1000

Input: 1 volt, 100-ke sine wave from standard-frequency
oscillator. Can also be driven al inpul frequencies of
1, 2.5, and 5 Me. Required input is approximately 5 volts.
Will run free with no input signal, but absolute frequency
will be in error by several parts per million unless stand-
ardized.

Output: Four channels; one each of 1 Me and 10 Me, and

two of 100 Mec; all sine wave; all 50 ohms; 20 milliwatts,
max., into 50 ohms.

Terminals: Type 874 Coaxial Connectors: adaptors are
available to fit all commonly used connector types.

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

60 cyeles, 100 watts. Power input receptacle will
accepl either 2-wire (Tyre CAP-35) or S-wire (Type
CAP-15) power cord. Tyre CAP-85 2-wire cord is fur-
nished. For 3-wire cord, see page 237.

Mounting and Di Relay-rack panel, 19 x 124
inches; over-all depth, 1114 inches.

Net Weight: 25 pounds.

Type 1112-B Standard-Frequency Multiplier

Input: 20 milliwatts, 100 Me, sine wave from Type 1112-A
Standard-Frequency Multiplier; 50-ohm input impedance.
Output: 1000-Me sine wave; 50 mw into 50-ohm load; 50-
ohm output impedance.
Locking Range: = 100 ke at the input frequency.
Bandwidth: Allowable frequency deviation rate is 100,000
cycles at the input frequency.
Net Weight: 35 pounds.

Other specifications are identical with
Tyee 1112-A, above.

those for

Type | | Code Word | Price
1112-A | Standard-Frequency Multiplier...........coovviiiiniiinnan. EPOCH | $1450.00
1112-B | Standard-Frequency Multiplier.............coovvvvinnnn. EPODE 1360.00

PATENT NOTICE. See Notes 2, 4, and 8, page x

For a complete deseription of these instruments, see the General Radio Experimenter, Vol. 82, No. 10, March, 1958.
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TYPE 1213-C
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USES: The Tyrr 1213-C Time/Frequency Cali-
brator is a compact, inexpensive, secondary
standard of frequency containing in a single
package the circuits necessary for calibration
operations that have hitherto required several
instruments. These circuits inelude: (1) a
crystal-controlled source of harmonies at mul-
tiples of 10 Me, 1 Me, 100 ke and 10 ke, (2)
a heterodyne delector and beat amplifier, and
(3) a pulse amplifier.

The standard-frequency harmonics are use-
ful for receiver ecalibration and frequency
measurement with external detectors and in-
terpolating equipment. The self-contained
mixer and audio amplifier permil calibration
of oscillators without requiring any additional
equipment.

The erystal oscillator can be standardized
by adjustment to zero beal with standard-
frequency radio transmissions from WWV or
other stations.

With auxiliary Unit Oscillators for inter-
polation and an oscilloscope for zero-beat
indications, this calibrator can measure ac-
curately all the frequencies of radio broad-
cast and television transmitters. A technical
paper on the subject is available on request.

Separate binding posts on the front panel
make available the output signals from the
cathode-follower pulse amplifier for use in
oscilloscopic time calibration or pulse trigger
applications. The output can be differentiated
in the Type 1213-P1 Differentiator to provide
time-mark pulses at intervals of 0.1 usec, 1.0
psec, 10 psec and 100 psec for calibrating

UNIT TIME/FREQUENCY CALIBRATOR

PRELANOT AR T

h | »
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variable time delay units and oscilloscopes.
The amplitude of the pulses is sufficient to
trigger pulse-generating equipment and oscil-
loscope sweeps.

DESCRIPTION: The crystal oscillator uses a
5-Mc¢  AT-cut, hermetically-sealed quartz
plate and is electron coupled to a 2:1 multi-
plier, followed by a buffer stage. The 10-Me¢
buffer drives a series of multivibrators with
fundamentals of 1 Me, 100 ke, and 10 Ke.
Their outputs can be switched to drive either
a harmonie generator or video amplifier. The
harmonic generator feeds a crystal mixer and
an r-f output connector. For harmonie calibra-
tion with the mixer, the video amplifier is
switched to act as a high-gain audio amplifier
al the mixer output. For oscilloscopic time
calibration, the video amplifier supplies pulses
al binding-post terminals.

A narrow-range frequency adjustment is
provided for setting the erystal oscillator to
zero beat with standard-frequency radio trans-
missions or other external standards. A touch-
button deviator is provided to introduce a
small frequency decrease for establishing
“sense” in indications near zero-beat.

FEATURES:

» Wide range of output frequencies.

» FEasily standardized against WWYV standard-
frequency transmissions.

» Accurate timing source for oscilloscopes.

» Compact unit construction.

» Internal mixer for maximum utility.

SPECIFICATIONS

Output Fraquencies: 10 Me, 1 Me, 100 ke, 10 ke.
Output Amplitudes: 10 Me, Tv peak-to-peak, 30 volts
peak-to-peak al lower outpul frequencies from pulse

86

amplifier; r-f harmonics usable to 1000 Me from 10-Me
oulpul, to 500 Me from 1-Me output, to 100 Me from
100-Ke outpul, and to 10 Me from 10-ke output.
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¥ Fll |
- or7 c!:rl\‘u =
Output Impedance: Video cathode-follower || - “:o::i:i:‘ shea 2
300 ohms; r-f oulput obtained from crystal- i v
diode harmonic generator. l’"‘ [
Stability: After 40 minutes warm-up, drift rate W45 1 va o) W
with regulated plate supply is mainly the _B:g:;"m n sreeh Jaaxe ] otwemaron
drift rate of the quartz erystal (approx 1 = ORkm s =
ppm/°C). With unregulated power supply, consTant }‘—,,."’ 1 -t
an additional variation of =% ppm with vy T L
10

line voltage change from 105 to 125
volts.

Sensitivity: Usable beal notes can be pro-
duced with 50 millivolts signal input to
mixer over the harmonic ranges specified
under “Output Amplitudes.”

Tube Complement: 1-6BEG, 1-5687, 2-5964,
1 6AK6, 1-6ANS, 1-61I8.
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Power Supply: 6.3 v ac, 8.0 amps; 300 v de, i e v

50 ma. Tyee 1208-B or Type 1201-B; for E

best frequency stability, Tyee 1201-B is S
recommended. See page 142, Block diagram of the Tyee 1213-C Unit Time/
Accessories Supplied: Tyre 1213-P1 Differen- Frequency Calibrator, showing the basie circuits,
Liator, one coaxial connector, and one multi-

poinl connector. : 3 )

Mounting: Aluminum panel and sides, finished in crackle; Dimensions: 1014 (width) x &% (height) x 7 (depth)
aluminum cover, finished in clear lacquer, Relay rack inches, overall. Net Weight: 4 lhs, 10 oz.

panel is available for mounting both calibrator and power

supply.

Type | | Code Word | Price
1213-C Unit Time/Frequency Calibrator*................covevee. | REBEL $260.00
1201-B Unit Regulated Power Supply ........ccovviaiiiniininn.. | ASSET 85.00
480-P4U3 Relay-rack panel (7-inch) (for mounting both cali-

brator and power supply) ......cccviviiiiiiiiiiiiiiiin. | UNIPANCART 10.85

*PATENT NOTICE. See Note 4, page «

TYPE 720-A HETERODYNE FREQUENCY METER

USES: The Tyee 720-A Heterodyne Fre-
quency Meter is used for accurate frequency
measurements from 10 to 3000 megacycles. It
can be used as a calibrated frequency meter
or as a transfer oscillator with the Tyre
1100-A Trequency Standard and the Tyre
1105-A Frequency Measuring Equipment.

DESCRIPTION: The principal elements of the
instrument are a calibrated oscillator, a crys-
tal detector, and a three-stage wide-band
amplifier. The instrument uses the General-
Radio-developed butterfly circuit, which al-
lows simultaneous variation of inductance and
capacitance in the oscillator circuit without
sliding contacts. This permits smooth, stable,
and continuous adjustment of frequency. The
oscillator tunes from 100 to 200 megacycles and
produces usable harmonies up to 3000 mega-
cycles. For measurements below 100 mega-
cycles, harmonics of the unknown are used.

The entire assembly is battery-operated,
completely self-contained, and mounted in a
portable, fabric-covered cabinet. An a-¢ power
supply to fit the battery compartmenl is also
available.
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FREQUENCY

@

FEATURES:

» No direct connection to the source under
measurement is usually required, because of
the high sensitivity and the adjustable an-
tenna mounted on the panel.

> A wide range of frequencies can be meas-
ured: 10 to 3000 megacycles.

# Detector has 50-ke bandwidth.

» The dial arrangement allows small fre-
quency increments to be measured precisely.
# The butterfly type of tuned ecircuit elimi-
nates all sliding contact difficulties.

» Provision for either visual or aural zero
beat indication.

» Either batteries or an a-c power supply
can be used. This makes the instrument well
suited for both field and laboratory use.

SPECIFICATIONS

Frequency Range: 100 to 200 megacycles on fundamentals.
10 to 3000 megacycles on harmonics.

Beat Indication: With strong signals beat notes can be
heard through a small dynamic speaker on the front
panel. A visnal indication can be obtained from the panel
meter. A jack is provided for headphones and is located
on the front panel.

Band Width: The three-stage amplifier has an effective
band width of 50 ke, so that a visual indication can be
obtained, even when the frequency under measurement
is nol stable enough to produce a steady audio beat.
Calibration: The main dial is calibrated in one-megacycle
divisions,

The slow-motion drive is geared to the tuning unit,
and its dial carries 250 uniform divisions. Each one of
these divisions corresponds to a frequency change of
approximately 0.019;

Accuracy: The over-all accuracy of measurement is =0.19,
For measuremenls requiring greater accuracy, the fre-
quency meter can be used with the Type 1100-A Fre-
quency Standard and the Tyee 1105-A Frequency
Measuring Equipment.

Temperature and Humidity Effects: Over the range of room
conditions normally encountered, temperature and hu-

midity do not affect the accuracy of the instrument.
Input Terminal: A short adjustable rod serves as antenna
to pick up the unknown signal. Additional length of wire
can be attached.
Tube Complement: One each IN5-GT/G, 1D8-GT, CK-5676.
Power Supply: A Burgess 6TA60 Battery is supplied with
the instrument, For a-¢ operation the Type 1261-A Power
Supply can be used (see page 145) bul must be ordered
separately.
Mounting: The Type 720-A Heterodyne Frequency Meter
is mounted in a shielded carrying case of durable airplane-
luggage construction. Complete operating instructions are
attached Lo the cover, and a complete wiring diagram,
with circuit constants, is attached to the inside of the
cabinet.
Accessories Supplied: One 1N21-B Crystal is supplied as a
spar(- m addllmn to the one in the instrument.

ded: Headphones which can be
plugge(l in on the front panel, and which can be stored
in the cover of Lhe instrument,
Dimensions: (Height) 14 x (width) 12}4 x (depth) 1014
inches, over-all, including cover and handle. Panel, 1(13’
x 1184 inches.
Net Weight: 271% pounds, with battery.

Type | | Code Word | Price
720-A Heterodyne Frequency Meter® ...........ccovcvviniinnnns FANCY $455.00
1261-A A-G Power SUPPIY: coiviiedh sivsai i irnpsvssias vekng ianesei NUTTY 128.00
*PATENT NOTICE. See Note 10, page x,
_.",_., [—————AUDIO AMPLIFIER —————y
OSCILLATOR v-2
V= 4 SPEAKER
%{ ' % H ™ I
" $¥ | =
<
NN
¥ . :
GR 'STAL VOLUME u" NEL PHONES
DETECTOR CONTROL METER
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STANDARD-SIGNAL GENERATORS

standard-signal generator is a source of

alternating currenl energy of accurately
known characteristics. The carrier or center frequency is
indicated by a dial setting, the oulput voltage by a meter
reanding and associated attenuator setting, and the modula-
tion by a meter reading set by appropriate control knobs.
Common types of modulation signals are sine-wave, square-
wave and pulse; the output signal may be either fre-
queney- or amplitude-modulated by these signals. When
the fm modulating system produces a considerable excur-
sion in frequency al a relatively low cyclical rate, the
instrument is known as a sweep generator and is particu-
larly useful for automatic data display. Standard-sig-
nal generators are used for testing radio receivers, as
vollage standards over the range from a few microvolts
to about a volt, and generally as power sources in the
measurement of gain, bandwidth, signal-to-noise ratios,
standing-wave ratios, and other circuil properties.

The elements of a standard-signal generator are shown
in Figure 1. A buffer amplifier is sometimes added to
reduce incidental frequency modulation. The requirements
for the oscillator are that it be stable, thal it have
reasonably constant output over any one frequency range,
that the waveform be good, and that hum and noise modu-
lation be neghgible. Over-all shielding of the genera-
tor is also necessary to minimize stray felds.

General Radio  standard-signal generators are  well-
shielded, general-purpose instruments, which cover fre-
quencies from 5 kilocyeles per second to 920 megacyeles
per second, a frequeney span of 184,000:1.

Internal amplitude (sine-wave) modulation is provided
at one or more fixed frequencies. Various types of ex-
ternal modulation can also be applied.

(1) Provision is made for modulation over the entire
audio-frequency range from an external source.

(2) Amplitude modulation in signal generation is
generally accompanied by some incidental frequency
modulation. This can be substantially eliminated, at low
vost, by the use of external crystal-diode absorption
modulators, which also make possible modulation at video
frequencies and high quality pulse modulation.

The Typr 1000-P6 Crystal Diode Modulator consists of
a crystal diode connected between the inpul and output
terminals with means for applying bias and modulating
voltages to the erystal. It can be used at carrier [re-
guencies between 20 and 1000 megacyeles and can produce
up to 309, amplitude modulation from 0 to 5 megacycles.
The maximum output of the Type 1000-P6 Crystal Diode
Modulator is approximately 10 millivolts.

The Tyre 1000-P7 Balanced Modulator is similar bul
suppresses carrvier leakage lo a considerably greater
extent. It consists of Iwo crystal diodes, a tunable
section of coaxial line between input and outpul termi-
nals, and associated circnits for applying bias and
modulating voltages. It is designed for use al carrier
frequencies from 60 to 2300 megacycles and can produce
linear 1009, amplitude modulation and pulse modulation
with fast rise lime and with a high on-off ratio.

(3) For sweeping, the Type 1750-A Sweep Drive is rec-
ommended. This mechanical device is used lo sweep
carrier frequency back and forth over a narrow range, in
order to plot or to display the amplitvde-vs.-frequency
charactenstics of components and networks. The shaft
of the sweep drive is connected by a fexible coupling
to the shaft of the frequency-determining element in the
radio-frequency oscillalor as indicated schematically in
Figure 2. Reciprocating rotation up to 800 degrees can be
imparted at rates of 1 per second. The corresponding
percentage variation in {requency is listed for each one of
the General Radio Signal Generators.

STANDARD-SIGNAL GENERATORS

Type | Frequency Range | Open-Circuit Vollage | Output Impedance | Modulation %, | Page
1021-AV 40-250 Me 5 pv-1v ol §2 0-3097 00
1021-AU 250-920 Me 0.5 pv-1v 500 0-509, 90
1001-A 5 ke-a0 Mce 0.1 pv-200 mv 104, 50 G 0-807, 92
B805-C 16 ke-50 Me 0.2 pv-bv 37.50 0-1009, 94

MODULATORS
Tupe Carrier Range | Modulation Frequency Range | Modwlation %, Page
1000-P6 20-1000 Me 0-5 Me 0-309, 07
1000-P7 60-2300 Me 0-20 Me 0-1009 98
. ACCESSORIE
Type CCESS $ Page
1000-P3 100:1 Voltage Divider 06
1000-P4 Dummy Anlenna a6
1000-P5 VHF Transformer (50 ohms, grounded, Lo 300 olims, bal.) 06
1000-P10 Test Loop 06
e e R S =3 . _STANDARD-SIGNAL_GENERATOR _ _
i| " PREquENeY Loure TR 7 Ll }
} DSCILLATOR SWEEP DRIVE EDUPEIE-G~-1—|OSCILLATDRHTMPL|HER | [
1 h ' L /| mobuLator [
I [wopuLaToR e i emanloil 1|  INTERNAL ATTENUATOR}-==
| [MoDUL ATOR ] T}.’m:r 4 MODULATOR T N[FIFETo0657
B i s g e e s e = OSCILLATOR [ STy iy I R i BALANCED |,
A S e e MODULATOR [

Ficune 1. Elements of a standard-
signal generator,

Ficure 2. Modulation methods.,
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GENERATORS

TYPE 1021

40 TO 920

USES: These Standard-Signal Generators are
as reliable and as convenient at very-high and
ultra-high frequencies as conventional stand-
ard-signal generators are at much lower fre-
quencies. Their uses include the determination
of radio-receiver and amplifier characteristics
in the engineering laboratory and in produc-
tion as well as the supply of v-h-f and u-h-f
power for bridges, slotted lines, and other
measuring devices.

The simple Type 1000-P6 Crystal-Diode
Modulator and a source of video signals, such
as a standard television receiver tuned to a
local television station, can be used to pro-
duce television picture modulation of the sig-
nal generator output on all v-h-f and u-h-f
channels.

With the Typr 1000-P7 Balanced Modula-
tor, up to 1009, amplitude modulation and
pulsing with very low residual carrier level
are possible at frequencies above 60 Mec.

The frequency can be swept over a range of
about 109, by means of the Type 1750-A
Sweep Drive, which can be attached to the

slow-motion dial.
DESCRIPTION: Each Type 1021 Standard-
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MEGACYCLES

STANDARD-SIGNAL GENERATORS

IN TWO MODELS

Signal Generator is a compact and light-
weight instrument of simple, rugged, durable
design. For flexibility and economy, each sig-
nal generator is made up of two units mounted
in a single cabinet. The power supply, modi-
lator, and metering system make up one unit,
the Type 1021-P1 Power Supply, which oc-
cupies the left-hand side of the welded alum?
num cabinet. The right-hand side of the cab-
inet houses either of the readily interchange-
able carrier-oscillator units: The Type 1021-
P2 U-H-F Unit (250 to 920 Mc,) or the Tyrr
1021-P3B/V-H-F Unit (40 to 250 Mec.)

As noted in the price table, individual tun-
ing units can be furnished for use with one
common power supply and cabinet assembly.
A storage case for unused oscillator unit is
available. Power supply and cabinet assembly
can also be purchased separately.

These generators have provisions for ex-
ternal and 1000-cycle sine-wave internal amp-
litude modulation.

The frequency-determining elements are
butterfly circuits. A mutual-inductance-type
attenuator with a dial calibrated in both
voltage and db is used.
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GENERATORS

FEATURES:

» Wide frequency coverage in single dial
range.

#» Easy tooperate.

» High output.

* Accurately known output
quency, and impedance.

voltage, fre-

# Auxiliary db calibration in terms of maxi-
mum power available.

#» Good stability and low drift.

#* Very well shielded.

» A wide variety of coaxial accessories is
available (see pages 41 to 58).

» VHF and UHF oscillator units are easily
interchangeable.

SPECIFICATIONS
TYPE 1021-AU U-H-F STANDARD-SIGNAL GENERATOR

Carrier Frequency Range: 250 Me to 920 Me in one band.
Frequency Calibration: Direct reading to =19, Approxi-
mately 8 turns of the 100-division slow-motion dial cover
the range of the main dial.

Sweeping: The Tyre 1750-A Sweep Drive attached to the
slow-motion dial will sweep approximately 5% and 15%,
at the low- and high-frequency ends of the range, re-
spectively.

Output Calibration: (1) As voltage generator with aceu-
rately known outpul impedance and (2) in terms of maxi-
mum power available.

Output Voltage: Continuously adjustable from 0.5 micro-
volt to 1 volt behind 50 ohms,

Ovutput Power: Continuously adjustable from 0 to 126 db
below 1 milliwatt into 50 ohms.

Output Impedance: 50 ohms = 107,

Output Vollage Accuracy: Over-all nceuracy of oulput is
better than =2 db. The accuracy of voltmeter calibra-
tion between 0.5 and 1.0 volt is better than =1 db,
The accuracy of the attenuator-dial calibration for
vollages between 1.0 microvoll and 0.1 volt is better
than =05 db; from 0.1 velt to 0.5 volt, better than
=1 db, AL 920 megacycles the resonance error in the
voltmeter is +0.5 db.

Amplitude Modulation: Adjustable, 0 to 3509, Internal,
1000 ¢ = 5%, External, flat within 3 db from 30 ¢ to
15 ke. For 509, modulation, external audio oscillator
must supply 18 volts across a 100-kilohm load. Tyeg
1210-C dni‘l R-C Oseillator is recommended.

Envelope Distortion: Less Lhan 59, at 507, modulation.

Noise Level: Carrier noise level corresponds to aboul
0,29, modulation.
Incidental  Fr y Modulati For 50%, amplitude
modulation the incidental fm is approximately 100

parts per million for frequencies up to 400 Me and is
approximately 1000 parts per million at 920 Me. When
lower values of incidental fm are required, the Typeg
1000-P6 Crystal Modulator, or the Typee 1000-P7
Balanced Modulator (pages 97 and 98) is recommended.
Leakage: Stray fields and residual output vollage are
sufficiently low for measurements on receivers of one-
microvolt sensitivily.

Terminals: Tyre 874 Coaxial Terminals are provided for
the oulput connection.

Power Sllepply: 105 to 125 (or 210 to 250) volts, 50 Lo 60
cycles. Power input is approximately 50 walls al 115 volts.

This instrument will operate satisfactorily on power-
supply frequencies up to 400 eyeles, provided that the
supply voltage is between 110 and 125 volts.

Power input receptacle will accept either 2-wire
(Type CAP-85) or S-wire (Tvre CAP-15) power cord.
Two-wire cord is supplied. For 3-wire, see page 237
Tube Complement: Two 0C3; one each 6X5-GT/G,
6K6-GT, Sylvania Tyre RT-434, Amperite 6-4.

Accessories Supplied: Tvee 874-R22 Palch Cord, Type
874-PB58 Panel Connector, Type 874-C58 Cable Con-
nector, Type CAP-35 Power Cord, and spare fuses.

Other Accessories Available: Tyre 874-G10 and -G20
Fixed Attenuators, Tyre 874 Coaxial Elements (pages 41
to 58), Tyee 1000-Pt Crystal Modulator, Tyee 1000-P7
Balanced Modulator (pages 97 and 98).

Mounting: The aluminum eabinet has a wrinkle finish. The
left-hand side houses the Type 1021-P1 Power Supply:
the right-hand side houses the Type 1021-P2 U-H-F Umnt.
Panels are erackle-finished aluminum.

Dimensions: (Height) 1434 x (width) 2014 x (depth)
10%, inches, over-all,

Net Weight: 3714 pounds.

TYPE 1021-AV V-H-F STANDARD-SIGNAL GENERATOR

Same as Tyre 1021-AU (above) except as noted.

Carier Frequency Range: 40 to 50 Mce in one band,
50-250 in anolher,

Incidental F y  Modulati For 509 amplitude
modulation the incidental Fm is approximately 100
parts per million for frequencies up to 100 Me, and is
approximately 500 parts per million at 250 Me. When
lower values of incidental fm are required, the Tyre
1000-P6 Crystal Modulator or the Type 1000-P7 Bal-
anced Modulator (pages 97 and 98) is recommended.

Sweeping: The Type 1750-A Sweep Drive, attached 1o
the slow-motion dial will sweep the frequency approxi-
mately 4, 9, and 209, at 40, 50, and 250 Me, respec-
Lively.

Tube Complement: 12AT7 (Oscillator instead of RT-434).
Other tubes as listed above.

Mounting: Cabinet is sume as for Tyee 1021-AU, above.
Generator consists of the Tyee 1021-P1 Power Supply

and Tyer 1021-P3B V-H-F Unit.

Type | | Code Word Price
1021-AU U-H-F Standard-Signal Generator, 250-920 Mc....... EVADE $700.00
1021-AV V-H-F Standard-Signal Generator, 40-250 Mc......... EVENT 710.00
1021-P2 U-H-F Oscillator Unit* only, 250-920 Mc............cu. ETHIC 420.00
1021-P3B V-H-F Oscillator Unit* only, 40-250 Mc..........cuvuees EVOKE 430.00
1021-P1 Power Supply and cabinet assembly..................... EXTRA 280.00
1021-P10 Storage case for oscillator unit ..........ccoovniinnnn, .. | BOXEY 18.00

PATENT NOTICE, Sex Notes 4 and 10, pugge x,

* Less power supply unit and eabinet, Can replace pscillator unit in any sigoal generalor lsted above, to provide additional frequency

range.
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GCENERATORS

TYPE 1001-A STANDARD-SIGNAL GENERATOR

USES: The Tyre 1001-A Standard-Signal Gen-
eralor is a laboratory instrument for use in
determining the performance of receivers and
other equipment al ultrasonic and radio fre-
quencies. Its sturdy construction and sim-
plicity of operalion make il suitable for pro-
duction testing. Because of its small size, low
weight, and low power consumption, il can be
adapted for use in field-strength measurements,

With the Tvyee 1000-P6 Crystal Diode
Modulator, the generator output can be
modulated at video [requencies for Llesling
television i-f eircuils.

The frequency can be swept over a maximum
range of 1497, by the Tyre 1750-A Sweep Drive,
which attaches to the slow-motion dial.

DESCRIPTION: The welded aluminum cabinet of
the Tyre 1001-A Standard-Signal Generator
houses three separate groups of circuits. The
power supply is al the top, the completely
shielded radio-frequency portion in the middle,
and the modulation and control circuils al
the bottom.

The Hartley-type carrier-frequency oscilla-
tor covers in eighl ranges Lhe frequency spec-
trum from 5 ke to 50 Me. The plates of the
main tuning capacitor are shaped lo give a
logarithmic variation of frequency with angu-
lar rotation. The precision of frequency sel-
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ting, therefore, is constanl, and the vernier
dial is calibrated directly in percenlage f[re-
quency increments.

A buffer amplifier is used between the
oscillator and the low-impedance outpul ecir-
cuits. The amplifier is grid modulated to
provide amplitude modulation from 0 to 80
percent. Loose coupling between the oscillator
and the amplifier minimizes incidental fre-
quency modulation. The attenuator sysltem
and the output meter are coupled to the ampli-
fier through a high-pass filter, which reduces
voltages of the modulation frequency in the
output.

The output voltage is determined by estab-
lishing a fixed carrier level at the attenuator
input and by setting two altenuator controls.
The ecarrier level is sel by adjusting the plate-
supply voltage of the oscillator and is indi-
cated by a vacuum-tube voltmeter at the
attenuator input. The atlenuator system con-
sists of a continuously adjustable L-network
controlled by the output dial and a decade
ladder-network attenuator.

The modulation cireuits include a 400-cycle
R-C osecillator for internal modulation and a
germanium-crystal  rectifier to  delermine
modulation percentage. Percentage modula-
tion is read on the same panel meter thal
indicates the carrier output level.
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GCENERATORS

FEATURES:

» Output cable termination can be removed
for matching into a 50-ohm system.

» Very low residual output and stray field.
» A periodic output amplifier avoids sideband
cutting and minimizes reaction of attenuator
setting or load on carrier frequency.

» High stability and low drift are assured by
high-quality components, low power con-
sumption, and stabilized power supply.

» Simplicity of design and construction has
resulted in an unusually sturdy instrument of
small size, low weight, and long life.

SPECIFICATIONS

CarriarB B,

Frequency ge: 5 kilocycles to 50 megacycles
covered in eight direct-reading ranges: 5 to 15 ke, 15 to
50 ke, 50 to 150 ke, 150 to 500 ke, 0.5 to 1.5 Me, 1.5
to 3 Me, 5 to 15 Me, and 15 to 50 Mc.

Frequency Calibration: Logarithmic up lo 15 Me, de-
Farling slightly from the logarithmic scale at higher
requencies. Accuracy, = 19,

Incremental-Frequency Dial: Frequency increment is 0,19,
per dial division, at frequencies up to 15 Mc.

Sweeping: Maximum sweep range with the Tyee 1750-A
Sweep Drive is 149,

Fraqu Stability: Warm-up drift is of the order of
0.!259’/?&&1#’ the maximum drift is reached in 114 hours.
Output Voltage !cngl:: Open-circuit output voltage at
the attenuator jack is continuously adjustable from
0.1 microvolt to 200 millivolts. With output cable ter-
minated at both ends, output voltage is continuously
adjustable from 0.05 microvolt to 100 millivolts, Open-
circuit output voltage at the 2 VOLTS panel jack is
measured directly by the output meter and is 2 volts
if the meter is set to the reference mark. This vollage
is available up to at least 15 Mc.

Output Impedance: Outpul impedance at the attenu-
ator jack is 10 ohms (50 ohms when the series unil is
used) except for the highest output position of the
attenuator, where it is 50 ohms.

Output impedance al the end of the terminated
cable is 25 ohms. Output impedance at the ¢ VOLTS
panel jack is 300 ohms.

An output impedance of one ohm (with outpul volt-

age reduced 100:1) can be obtained with the Type
1000-P8 Voltage Divider, a standard (IRE) test im-
pedance with the Tyee 1000-P4 Dummy Antenna,
and a known induction field for testing loop receivers
with the Tyre 1000-P10 Test Loop.
Accuracy of Owutput Voltages: Al frequencies  below
10 Me, when the output dial is set near full scale or
one-tenth full scale, the output voltage is correctly
indicated to = (69, + 0.1 av). With uﬁle output dial
sel in the mid-scale region, the error may be greater
by 49,. At frequencies above 10 Me, when the output
chal 1s set near full scale, the outpul voltage is cor-
rectly indicated to an accuracy of = (109, + 0.3 uv)
and the error may be as much as 109, larger or smaller
at other output dial settings.

The accuracy of the open-circuit oulpul vollages al
the 2 VOLTS panel jack is = 3%, up to 15 megacycles,
Amplitude Meodulation: Adjustable from zero to 809,
Modulation percentage is indicaled on the panel meter
and is accurate within = 109, of the indicated value,
Iwilhl a possible additional error of 29, in modulation
evel.

The internal modulation frequency is 400 cycles
= 59,

The external modulation characteristic is flat within
=1 decibel from 20 cycles to 15 kilocycles. To provide

809, modulation, the external audio oscillator must
supply 12 volts into a 4000-ohm load (36 milliwatts).
Incidental Frequency Modulation: Al 809, amplitude
modulation, the incidental frequency modulation varies
from 30 to 300 parts per million over each carrier-
frequency range except !E: the highest frequency range
(15 to 50 Mc) where it may be three times as greal,
At lower modulation percentages, frequency modula-
tion is approximately proportional to modulation per-
cenlage.

For applications above 20 Me, where incidental fre-
quency modulation must be very low, the use of the
Type 1000-P6 Crystal Diode Modulator (page 97) is
recommended.

Carrier Distortion: Of the order of 79, on all except the
lowest range, where it may increase Lo 157,

Envelope Distortion: Less than 89, al 809, amplitude
modulation.

Noise Level: Carrier noise level corresponds to about
0.1%, modulation.

Leakage: Stray fields at 1 Me are less than one micro-
volt per meter two feel from the generator,

Terminals: Tyee 874 Coaxial Terminals are provided
for the attenuator outpul and for the constant 2-volt
output.

Powar Supply: 105 to 125 (or 210 to 250) volts, 40 to
G0 cycles. r’ower inpul is approximately 85 walls al
115 volts.

This instrument will also operate satisfactorily on
power supply frequencies up to 400 cyeles, provided
that the supply voltage is at least 115 volts.

Power input receptacle will accept either 2-wire
(Tyee CAP-35) or S-wire (Tyee CAP-15) power cord.
Two-wire cord is supplied. For 8-wire, see page 237,

Tube Complement:

1—6C4 1— 6ALS 2—0C8

1—6L6 1—5Y8-GT 1— 6SN7-GT
Accessories Supplied: Tyre 874-R22 3-foot Coaxial Cable,

Tyee 1000-P1 50-Ohm Termination Unit, Type 1000-P2
40-Ohm Series Unit, Type 874-Q2 Adaptor, Tyrre TO-44
Adjustment Tool (stored in cabinet), Tyre 274-MB Plug,
Tyre 874-C58 Cable Conneclor, Tyre 874-PB58 Panel
Connectlor, spare fuses, and a Typn CAP-35 Power Cord.
Other Accessories Available: Nol supplied but available
on order are the Type 1000-P3 Voltage Divider, the
Tyre 1000-P4 Standard Dummy Antenna, the Type
1000-P10 Test Loop, and the Tyee 1000-P6 Crystal
Diode Modulator. See pages 96 to 98,

Mounting: The instrument is assembled on an alumi-
num panel finished in erackle lacquer and mounted
in an aluminum cabinet with a wrinkle finish. The
cabinet is provided with carrying handles. A recessed
compartment is built into the top of the cabinet for
storing accessories.

Dimensions: (Height) 1485 x (width) 2015 x (depth)
10%, inches, over-all. Net Weight: 54 pounds.

Type | | Code Word | Price
1001-A | Standard-Signal Generator .............. tiiceneeiesenees | ARGUS | $860.00
PATENT NOTICE. Set Notes 2 and ¥, puge x
93
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GENERATORS

TYPE 805-C STANDARD-SIGNAL GENERATOR

USES: The Typr 805-C Standard-Signal Gen-
erator is designed primarily as a precision
laboratory instrument for rapid and aceurate
testing of radio receivers. Because of its accu-
racy, wide frequency range, and high voltage
output, it is a valuable instrument for labora-
tories engaged in research and design on radio
receivers and allied apparatus, while its speed
andsimplicity of operation make it well adapted
to production testing.

It can be adapted for testing television i-f
circuits by the use of a Type 1000-P6 Crystal
Diode Modulator.

DESCRIPTION: Functionally this instrument
consists of (1) a carrier-frequency oscillator,
(2) a tuned radio-frequency amplifier, (3) a
resistive output attenuator and a voltmeter
to read the output level, (4) a modulating
oscillator (400 cycles and 1000 eycles) with a
voltmeter for reading percentage modulation,
and (5) a well-regulated power supply.

The oscillator and amplifier assemblies are
virtually identical in construction, and the
coil switching assemblies, as well as the tuning
capacitors, are ganged and driven from com-
mon panel controls. Seven coils covering the
frequency range from 16 ke to 50 Mec are
carried on a selector disc in each assembly. An
eighth coil position is also provided, so that
an exitra set of coils may be installed if de-
sired. The discs are driven from a panel knob
through a gear mechanism, which also brings
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into panel view a frequency-range identifica-
tion dial. As each coil is rotated into posi-
tion, it is connected into circuit through silver-
overlaid contact blades, which firmly engage
silver-alloy brushes, mounted on the tuning
capacitor. The contacts are mounted on poly-
styrene strips, insuring both low capacitance
and low dielectric losses.

The main tuning capacitors are exception-
ally rugged, utilizing the cast frame type of
construction, with ball-bearing supports for
the rotor. The plates are shaped to give a
logarithmie variation of frequency with angu-
lar rotation. The two capacitors are driven
through a set of gears, which also drive the
direct-reading frequency dial.

The oulput system consists of a vacuum-
tube voltmeter, a resistive attenuator net-
work, a 3-foot, 75-ohm output ecable, and a
terminating unit. This unit terminates the
cable in its characteristic impedance. It pro-
vides, in addition to the normal output at
37.5 ohms, outputs reduced by factors of 10
and 100, with corresponding output imped-
ances of 7.1 and 0.75 ohms. A standard-broad-
cast-band dummy-antenna output is also
provided.

FEATURES:

» OQOutput voltage continuously variable up
to 2 volts, 4 volts open circuit.
» Amplitude modulation up to 1009,
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GENERATORS

» Direct-reading incremental-frequency dial
with 0.019, frequency change per division.

» Simplified controls, well suited to produc-
tion-line testing by relatively unskilled per-
sonnel.

» Tuned amplifier minimizes reaction of out-

put circuit on carrier frequency.

» Tuned circuit is heavily damped to prevent
side-band elipping.

» Minimum backlash in gear trains.

» Regulated power supply eliminates the
effects of line-voltage fluctuations.

SPECIFICATIONS

Carrier Frequency Range: 16 kilocycles Lo 50 megacycles,
covered in seven direct-reading ranges: 16 to 50 ke, 50 to
160 ke, 160 to 500 ke, 0.5 to 1.6 Me, 1.6 to 5.0 Mec, 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: Bach range is direct reading to an
accuracy of =19, of the indicated frequency.

Frequency Drift: Not greater than =0.1% on any frequency
range for a period of 5 hours’ econlinuous operation.
Incremental Frequency Dial: A slow-motion vernier drive dial
is provided, by means of which frequency increments as
small as 0.019, may be oblained.

Sweeping: Maximum sweep range with the Type 1750-A
Sweep Drive is approximately 29, ie., £19%, of center
frequency. Sweeping is not recommended for continuous
or production line use,

Ovutput Voltage Ronge: Continuously adjustable from 0.1
microvolt to 2 volts. The output voltage (al the termina-
tion of the 75-ohm output caElc) is indicaled by a panel
meter and seven-point multiplier. Maximum open-circuil
voltage with termination removed is 4 volts,

OurputSystem: The output impedance at the panel jack is
75 ohms resistive. A 75-ohm oulput cable is provided, to-
gether with a termination unit that fumiaﬁes constant
output impedances of 37.5, 7.1, and 0.75 ohms. The cal-
ibration of the panel voltmeter-multiplier combination is
in terms of the actual voltage across the 37.5-ohm outpul.
When the 7.1- and 0.75-ohm positions are used, the in-
dicated output voltage must be divided by 10 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 attenuator and voltmeter errors listed below.

Maximum Voltmeter Error: =59, of indicated reading up to
25 megacyeles. Above 25 megacycles, an additional fre-
quency error oceurs, amounting to a total of 7%, al 50
megacycles. Al %, full scale and 50 Me, there is also a
transit-time error of —5%, in the voltmeter tube.
Maximum Attenuator Error:

Below 8 Me, =(39, <+ 0.1 microvolt)

8o 10 Me, =(5% + 0.2 microvolt)
10 to 30 Me, =(109%, + 0.4 microvolt)
30 to 50 Me, ={159, + 0.8 microvolt)

There is no attenuator error for the 1-volt multiplier
setting.
Modulation: Continuously variable from 0 to 1009, The
percentage of modulation is indicated by a panel meter to
an accuracy of =109, of the meter reading up to 807%,
for carrier frequencies below 16 Me; =15%, for higher
carrier frequencies.

cyeles, accurate in frequency within %59,

The generalor can modulated by an external oseil-
lator. Approximately 10 volts across 500,000 ohms are
required for 807, modulation. The over-all modulation
characteristic is as follows:

Carrier Frequency Audio Range Level

0.5—50 Me S0c —15,000¢ =1db
0.1—0.5 Me 50¢ —10,000¢ =1.5db
16—100 ke e =109, of Carrier =1.5db

Frequency

Fraquency Modulation: On the highest carrier-frequency
ram%e the frequency modulation is about 0.05%, for 1009,
modulation, and 0,029 for 309, modulation. At lower
carrier frequencies the frequency modulation is less than
these percentages.

Above 20 Me, for applications where incidental fm
must be negligible or for wideband (video) modulation,
lg:dTTPE 1000-P6 Crystal Diode Modulator should be
used.

Distortion and Noise Level: The envelope distortion al a
modulation level of 807, is less than 59, at 1 Mc ecarrier
frequency. Carrier noise level is at least 40 db below 809,
modulation,

Leakage: The magnetic induction leakage is less than 5
microvolts per meter al a distance of 2 feet from the gen-
erator. The 8-foot output cable permits the receiver under
test to be kept beyond this limit. Radiation fields are

negligible,
Power Sy + 105 to 125 (or 210 to 250) volts, 40 to 60
cyeles. An electronic voltage regulator compensates for

line-voltage fluctuations from 105 to 125 volts (or from
210 to 250 volts). A maximum input power of 150 watts
is required.

Instrument will operate satisfactorily on power-supply
frequencies up to cycles, provided that the supply
voltage is at least 115 volts.

Power input receptacle will accepl either 2-wire (Tyre
CAP-35) or S-wire ?’l‘vm CAP-15) power cord. Two-wire
cord is supplied. For S-wire, see page 287.

Tube Complement:
1—6C8-G 1—0D3
3—6L6 1—BALS
1—5U4-G 1—6H6
2—2A3 1 —Amperite 3-4
1—65F5

Accessories Supplied: TyrE CAP-35 Power Cord, shielded
output cable and termination unit, and spare fuses.
Mounting: The panel is finished in crackle, and the eabinet
is wrinkle finish.

Dimensions: (Height) 16 x (width) 33 x (depth) 12 inches,

Internal modulation is available at 400 eycles and 1000 over-all. Net Weight: 11714 pounds.
Type | | Code Word | Price
805-C | Standard-Signal Generator .............cceeevevueeeieeens | uerer | $1750.00
PATENT NOTICE. See Notes 1, 2, and b, poge x
95
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GENERATORS

TYPE 1000-P SIGNAL-GENERATOR ACCESSORIES

TYPE 1000-P3 VOLTAGE DIVIDER

This voltage divider, used with the Tyre 1001-A

Standard-Signal Generator, provides a known voltage

N across a one-ohm resistor, which can be inserted in series
) with a loop antenna for testing loop receivers.

4
e e It plugs into the output jack of the signal generator
Tyre 1000-P10 \\ ('In"l; 1531 A) and dwnl::iea thc indicated ﬁutpu% voltage
by a factor of 100.
Input lmpodam:r 50 ohms. Output Impedance: 1 ohm.
Net Weight: 314 ounces.
Type | |Code Word | Price

1000-P3 | 100: 1 Voltage Divider...| Armor | $17.50
PATENT NOTICE. See Note 4, page x.

TYPE 1000-P4 DUMMY ANTENNA

Connected to the terminated outpul of a standard-
signal generator of 50-ohm output impedance (25 ohms),
this dummy antenna provides the outpul characteristics
qpcmhed by the Institute of Radio Engineers in 1948

“Standards on Radio Receivers, Methods nf Test-

ing Amplitude-Modulation Broadeast Receivers.”
Net Weight: 314 ounces.
S Type | |Code Word | Price
- 1000-P4 | Dummy Antenna........ | armow | $15.00
Tyre 1000-P4 PATENT NOTICE. See Note 4, page x.
TYPE 1000-P10 TEST LOOP
With this shielded test loop, radio receivers with loop ing. Ulircuil constants are chosen to make the field
antennas ean be lested by the preferred method of the strength in volls per meter, ai a distance of 19 inches
1948 “'Standards on Radio Receivers, Methods of Test- from the loop, equal to one-tenth the signal generator
ing Amplitude-Modulation Broadcast Receivers,”" pub- output in volts, with a 50-ohm generator.
lished by the Institute of Radio Engineers. The 3-turn Dimensions: (Height) 1614 x (width) 1134 x (depth) 3! 2
loop is inclosed in aluminum tubing for electrostatic shield- inches. Net Weight: 414 pounds
Type | | Code Word | Price
1000-P10 | Shielded TestLoop «...ovvuveurereeraninennns | Armay | $50.00

PATENT NOTICE. See Note 4, page x.

TYPE 1000-P5 V-H-F TRANSFORMER
50 Ohms, Grounded, to 300 Ohms, Balanced

The Tyee 1000-P5 V-H-F Transformer is designed +2 o
to plug into a standard-signal generator having a 50-0hm f ’
unbalanced outpul and to produce an equal, balanced, 0 777 m
open-circuil voltage behind a 800-ohm balanced imped- z
ance for r-f measurements of f-m and t-v receivers. 5 '/
The transformer is mounted in a cylindrical container i =
terminated at one end in a Type 874 Coaxial Connector
and al the other in a socket designed to receive the Alden =7
Tyee HA902P Connector for standard 300-ohm open 000N TERMINATION
parallel-wire line. -6 ?-7'7'77- 1LY T
o A
. -8
$00  v-H-F TRANSFORMER _ 60 50 70
) — TYPE 1000-F5 '%2 R &0
\ | DHMB QEMERAL RADIO 00, OHMB: . ] e
R —— - | Di i (Length) 434 x (diameter) g inches.
Net Weight: 314 ounces.
Type | | Code Word | Price
1000-P5 | V-H-F Transformer ...... ST P | Arsown | $27.50

PATENT NOTICE. See Note 4, page x

All signal generators and accessories are equipped with Type 874 Coaxial Connectors.
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GCENERATORS

TYPE 1000-P6 CRYSTAL DIODE MODULATOR

USES: The erystal diode modulator is an inexpensive
absorption modulator for amplitude modulating the
output of a radio-frequency generator over the carrier
range from 20 to 1000 megacyeles. It can be used to
modulate the output of standard-signal generators and
other oscillators over a modulating-frequency range of
0} to 5 megacycles. It is particularly useful where wide-
band modulation, as for television receiver testing is
required, or for radio receiver tests where incidental
fm must be negligible.

DESCRIPTION: The modulator consists of a crystal
diode between inpul and outpul lerminals, a simple
output filter to prevent appreciable modulating voltage
appearing in the output, and a means of isolating and
applying modulating and bias voltages. Since the re-
sistance of the crystal diode is a function of the voltage
across il, this resistance can be modulated by applying
a varying voltage. Inserted between a radio-frequency
generator and ils load, the unit produces amplitude
modulation by variation of series impedance.

When the modulator is used with a standard-signal
generator, the outpul attenuator of the generator pro-
vides sufficient isolation to prevent reaction of the
modulator on the generator frequency. With an oscilla-
tor not equipped with an output altenuator, it is recom-
mended that a Tyre 874-G20 (20 db) or a Tyre 874-G10
(10 db) Attenuator be used.

FEATURES:

» When used with a standard-signal generator, the
crystal diode modulator works on the output side of the
attenuator, so that reaction on the oscillator frequency,
and hence frequency modulation, is practically negligible.
The power required for modulation is very low.

» For testing television receivers, a video signal, con-
veniently oblained from a standard receiver luned to a
loeal station, can be applied to the modulator. The
picture modulation can then be pul on any channel to
which Lhe signal generator is set.

SPECIFICATIONS

Carrier Frequency Range: 20 to 1000 megacycles. The
insertion loss increases approximately 10 db at a carrier
frequency of 10 megacyeles due to output filter.
Modulating Frequency Range: () Lo & megacycles. Re-
sponse is approximately 2 db down at 5 megacycles
with a gradual roll-off to prevent serious phase distor-
tion of video signals.
Impedance: The impedance looking into either the inpul
or outpui terminals is a function of the bias and modu-
lating voltages. This unit was designed for use with a
S0-ohm source and a 50-ohm load. The impedance at
the modulation terminals is approximaltely 600 ohms.
Modulation: With no greater than 50 millivolts r-f
input, 30% amplitude modulution can be obtained at
carrier frequencies between 20 and 1000 Me. For opli-
mum sine-wave modulation, an average crystal requires
1.5 volts at the bias terminal. The insertion loss under
these conditions is approximately 12 db, and approxi-
mately 0.2 voll r-m-s at the modulation terminals will
roduce 309, modulation. Maximum percentage modu-
ntion is an inverse function of carrier frequency, and at
1000 megacycles is limited to about 30%,. Peak modula-
tion voltage with respect to ground should not exceed
4 volts,
Terminals: The radio-frequency and modulaling termi-
nals are provided with Tyee 874 Coaxial Connectors.
The modulation terminals will accept either a Tyre 874
Coaxial Connector or a Type 274-M Plug. Bias termi-
nals are Type 988 Binding Posts.
Crystal Diode: 1N21B.
Accessories Supplied: One T'yre 274-M B Plug,
Other Accessories Required: Terminal adaptors (page 58),
unless generator and load are equipped with Tvyee 874
Coaxial Connectors: 1.5-voll battery for fixed bias, or a

Type |

al \_\ )
8 b e
TYPE [000-75 B >
\ CAYSTAL DIGOE Typical modulation
T . \ MOOUUATOR characteristies for

the Tvyee  1000-P6
Crystal Diode Mod-
ulator at various
carrier frequencies,

o

S

L. I

APPROXIMATE MILLIVOLTS RF OUTAUT, £,
= =

e -1
DC MODULATING VOLTAGE (ZERO BIAS)

o

S-volt battery and a 10.000-0hm rheostal for adjustable
hias.
Accessories Available:
Tyee 874-G20 Fixed Attenuutor, 20 db
Tyrr 874-G10 Fixed Attenuator, 10 db
Typr 874-R20 Patch Cord
Tyer 1000-P5 V-H-F Transformer
Tyre 874-Q Coaxial Adaptor
(For description and prices, see pages 41 Lo 58,)
Dimensions: (Width) 5 x (height) 4 x (depth) 1%,
inches, over-all.
Nat Weight: 1 pound.

| Code Word | Price

1000-P6 | Crystal Diode Modulator..............

PATENT NOTICE. See Note b, page x

........................... | APPLE I

$40.00
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GCENERATORS

TYPE 1000-P7 BALANCED MODULATOR

USES: This instrument is an insertion-loss modulator
for pulse and sine-wave modulating the output of radio-
frequency-generators over the ecarrier-frequency range
of 60 Lo 2300 megacycles. It is particularly useful for
pulse modulation where a high degree of carrier sup-
pression is desired with good rise-time characteristics,
and lor linear-modulation systems where full 1009, modu-
lation is required over a modulating frequency of 0 to
20 megacycles, Typical applications are lests on:

» lelevision and radar receivers,

» microwave relay systems using multiplex pulse-code
modulation,

» omni-range and IME equipment,
» lelemelering circuits, and

» narrow-band systems where
modulation must be negligible.

The Balaneed Modulator is particularly recommended
for use with the Typr 1217-A Unit Pulser or the Tyre
1391-B Pulse, Sweep, and Time-Delay Generator for
pulse-modulating the output of Tyee 1021-A Standard-
Signal Generalor.

incidental  frequency

For 100% Linear AM
and Pulse Modulation

DESCRIPTION: Two crystal diodes are used in separate
signal paths between the input and the output. In one
path a coaxial phasing line, set to an odd multiple of
one-half wave-length at the carrier frequency, is inserted.
A simple high-pass filter is included in the outpul
circuit.

For small r-f signals the impedances of the diodes can
be controlled by varying the applied bias. The diode shunt
capacity, which ordinarily limits the frequency range of
a diode, is neutralized in the phasing line.

Bias and balance controls are provided for setting the
operating points on the diode characteristics. The carrier
can be balanced out, or any amount of carrier insertion
can be provided by means of these adjustments.

FEATURES:

» High carrier suppression for pulse applications.
» Fast rise time.

» Linear 1009, modulation.

»  0-20 Me modulation frequency range.

»  Useful up to 2300 Me.

» Low incidental frequency modulation.

SPECIFICATIONS

r i Fi - v R
Modulation-Frequency Range: Flat from ( to 20 mega-
cycles. For pulsing, the rise-time contribution is less
than 0.02 microseconds.

Impedance: The impedance looking into either input or
outpul terminals is a function of the bias and modulat-
ing voltages. The source and load impedances should be
50 ohms. The impedance at the modulation input is 50
ohms =5%, Whenever the altenuation can be tolerated,
a Tyre 874-G20 (20 db) or a Tyre 874-G10 (10 db) Fixed
Attenuator should be used al the inpul and another at
the output for isolation to minimize frequency modula-
tion and to insure proper load impedance.

Medulatien: Double-sideband, suppressed-carrier modula-
tion, pulse modulation with 60-db carrier suppression
between pulses, and 1009, amplitude modulation ean be
oblained throughout the carrer frequency range. One
volt, peak, al the modulation terminals is sufficient
to produce full r-f output from a zero output initial
condition.

R-F Output: 10 millivolts, maximum, into 50 ohms on
pulses or at modulation peaks, with a source of 50 milli-
volts behind 50 ohms. At this and lower levels the modu-
lation characteristics are independent of input voltage.
Higher input voltages and, consequently, higher output
vollages are permissible if bias and balance readjust-
ments are made for each change in level. The r-f source
must not exceed 0.5 volt behind 50 ohms, or the erystal
diodes may be damaged.

Bias Supply: Self-contained battery of flashlight cells.
Terminals: T'yre 874 Coaxial Connectors. The radio-fre-
quency input terminal is of proper elevation to plug
directly into the output connector of the Type 1021-A

60 to 2300 megacycles.

Type |

(Left) Amplitude modulation characteristic at 90
megacycles. Peak r-f output is 10 millivolts; r-f in-
put, 50 millivolts. (Right) Oscillogram showing
modulation pulse and r-f output pulse. Pulse dura-

tion is 0.25 psec with 0.05 psec rise time. Carrier
frequency is 60 megacycles. Scale is 0.1 gsec per hori-
zontal division.

Signal Generator. Adaptors to other types of connectors
are described on page 58.

Crystal Diodes: T'wo Tyre 1N21-B.

Accessories Supplied: One Type 1000-P7-28 40-cm Cable;
one Tyre 1000-P7-28-2 80-cm Cable; one Tyre 874-C58
Cable Connector.

Other Accessories Required: Suitable coaxial cable for
connecting modulation source, Type 874-R33 (page 56)
is recommended.

Accessories  Available: Tyre 874-G  Fixed Attenualors
(page 54); Tyer 1000-P5 VHF transformer; Tyee 874-R
Patch Cords (page 56).

Dimensions: (Inﬁuding fully extended adjustable line)
30 inches (width) x 8 inches (height) x 5 inches (depth)
over-all. Length with line telescoped — 20 inches.

Net Weight: 6 pounds.

| Code Word | Price

1000-P7
PATENT NOTICE. See Note 4, page
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| Balonced Modulator...................

AWAKE | $200.00
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USCILLATORS

Asnurce of power or test voltage is a pre-
requisite to nearly all types of measurements.
Since 1919 the General Radio Company has
been supplying laboratory oscillators for this
purpose and has always pioneered in new de-
signs and eireuits.

Funetionally, these oscillators can be grouped
under the following classifications:

(1) LC and Resonant-Cavity Types—the
frequency is determined by inductive and
capacitive elements or by resonant cavities.

(2) Beat-frequency types—the output fre-
quency is the difference between the frequen-
cies of two oscillators, one variable and one
fixed. This type covers a wide frequency range
with a single control.

(3) RC degenerative types—the frequency
is determined by resistive and capacitive ele-
ments, and the circuit is highly degenerated
excepl al the pass frequency. This type of
oscillator also covers a wide frequency range
with a single control and, alternatively, can be
designed to produce a number of fixed fre-
quencies, as selected by a switch.

(4) Electro-mechanical types—the frequency
is determined by a vibrating element.

The General Radio Company manufactures
all of the functional types listed above, and
the characteristics of available models are
tabulated on the next page.

LC and Resonant-Cavity Types: Although most
useful at radio frequencies, the LC oscillator,
because of its stability, good waveform, and
efficiency finds particular uses where fixed
audio frequencies are needed.

General Radio makes several audio-fre-
quency oscillators of this type. Of particular
interest is the Type 1307-A Transistor Oscilla-
tor, a miniature instrument designed primarily
for calibrating sound measuring equipment.
The Typr 1214 Unit Oscillators, conventional
vacuum-ltube Lypes, generate fixed frequencies
and are useful for modulating high-frequency
oscillalors and as bridge power sources.

At radio frequencies where tuning can be
accomplished by air capacilors, the L-C cir-
cuit is the best and most economical fre-
quency-determining system. The Tyre 1330-A
Bridge Oscillator uses tuned ecircuits Lo cover
a frequency range of 10,000: 1. The Tvypes
1211-B, 1208-B, 1215-B and 1209-B and
1209-BL Unit Oscillators cover a wide range
of frequencies up through the uhf television

bands. The latter two use the butterfly circuit,
which is a General Radio development.

At frequencies above 1000 Me, resonant
cavities are readily adapted to frequency con-
trol. The Tyre 1218-A Unit Oscillator covers
a continuously tuned frequency range from
900 Mec to 2000 Me with ganged quarter-wave
lines, and the Type 1220-A Unit Klystron
Oscillator can be adjusted to produce spot
frequencies between 2700 Me and 7500 Me.

The radio-frequency oscillators can all be
amplitude modulated with sine waves, and
the Tyre 1218-A and Type 1220-A can be
square-wave-and pulse-modulated as well. The
Type 1220-A also has provision for frequency
modulation up to deviations of =7.5 Me, and
the Unit Oscillators, in particular, are adapted
for mechanical sweeping (see page 199).

Beat-Frequency Types: The first commercial
beat-frequency oscillator was produced by
General Radio in the middle 1920's. As the
development of tubes and circuits has pro-
gressed, increasingly better models have been
developed, culminating in the present Type
1304-B, whose logarithmic scale greatly fa-
cilitates frequency-response measurements,
This oscillator can be used with the dial
drives described on page 151.

RC Types: The RC degenerative lype is an
original General Radio development. Two
models are offered, the Type 1301-A, whose
primary characteristic is low distortion, and
the Tyre 1302-A, designed for a wide fre-
quency range. Two other RC oscillators use a
phase-shift circuit: the Type 1210-C' and the
Tyre 1305-A.

The Typr 1210-C Unit R-C Oscillator is a
small, versatile instrument, which produces
either sine-wave or square-wave output over a
wide frequency range, and which becomes an
inexpensive sweep oscillator when combined
with the Typr 908-P2 Synchronous Dial Drive,
as described on page 151.

The Tyee 1305-A Low-Frequency Oscillator

generales frequencies as low as 0.01 eycle per
second, with three-phase and four-phase oulput
as well as an output continuously variable in
phase over 360°.
Electro-Mechanical Types: An audio-frequency
tuning fork, the Type 723, is a useful source
for conlinuous operalion, as in modulating
beacon transmitters and as a reference for
frequency and time measurements.
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Mazimum Circuit Nominal Load Harmonie Power Page
Type Name Class Frequency Range Output Volts I'mpedance Distortion Supply No.
1304-8 Beat-Frequency Beal-Frequency 20-20,000 ¢ Iw 50 600 ohms, balanced <1%, AC Line 104
Audio Generator 20,000-40,000 ¢ or grounded
1301-A | Low-Distortion RC Degenerative | 20-15,000 ¢ 18 mw 6.6 | 600 ohms, balanced <0.1% AC Line 101
Oscillator (27 fixed frequencies) or grounded
100 mw 30 5000 ohms, grounded
= 1302-A | Oscillator RC Degenerative | 10-100,000 ¢ 40 mw 10 | 600 ohms, balanced <19, AC Line 106
H] 20 mw 5 300 ohms, grounded
3 80 mw 20 5000 ohms, grounded
E 1305-A Low-Frequency RC .01 to 1000 ¢ 170 mw per 10 600 ohms <19, AC Line 102
Oscillator phase
5 1214-D Unit Oseillator Tuned Circuit 120 ¢ 200 mw 60 Matched <89, AC Line 112
‘g 1214-E Unit Oscillator Tuned Circuil 270 and 1000 ¢ 300 mw 28 800 ohms <39, AC Line 112
:3 1307-A | Transistor Tuned Cireuit 400 and 1000 ¢ 6 mw 2 600 ohms < 5%, Mercury 107
2 Oscillator = Cells ]
723 Vacuum-TubeFork | Electromechani- 400 or 1000 ¢ 50 mw 31 | 50, 500, 5000 ohms <0.5%, AC Line 107
cal (2 Models)
1214-A Unit Oscillator Tuned Circuit 400 and 1000 ¢ 200 mw 80 | 8000 ohms grounded <89, AC Line 112
or ungrounded
1210-C Unit RC Oseillator | RC 20 ¢-0.5 Me S0 mw 7 | 50 to 1250 ohms, <1.5% Unit Power | 110
40 mw 45 14,000 ohms. <59, Supply
= 90 mw 30 2,500 ohms, Square Wave
gs? 1214-M | Unit Oscillator Tuned Circuit 1 Me 300 mw ¥, 50 ochms <8.59%, AC Line 112
35 6 |1330-A | Bridge Oscillator | Tuned Circuit 60, 400, 1000 ¢ 0.75 w 12 |500hms <39, AC Line 108
3 2 E- 5 ke-50 Me 1w 10 20-80 ohms
x5 1211-B Unit Oseillator Tuned Circuil 0.5-5 Me 2w 50 ohms Unit Power | 114
5-50 Me 200 mw Supply
1208-B Unit Oscillator Sliding-Contact 65-500 Me 100 mw 50 ohms Unit Power | 114
Tuned Cireuit Supply
Ed 1209-BL | Unit Oscillator Butterfly 180-600 Me 300 mw 50 ohms Unit Power | 115
= Tuned Circuit Supply
E 12098 Unit Oscillator Butterfly 250-920 Mc 200 mw 50 ohms Unit Power | 114
= Tuned Circuit Supply
> 1215-B Unit Oscillator Semi-Butterfly 50-250 Me 80 mw 50 ohms Unit Power | 114
Supply
1218-A | Unit Oscillator Coaxial Line 900-2000 Me 200 mw 50 ohms Unit Power | 114
Tuned Cireuit Supply
1220-A Klystron Velocity- 2700-3275 Me 40 mw 50 ohms Unit Power | 116
§ Oscillator modulated 3400-4910 Mc Supply
5100-5900 Mc
by 5925-7425 Me

S¥01V771050



OSCILLATORS

TYPE 1301-A
LOW-DISTORTION
OSCILLATOR

This escillator has an exceptionally pure
waveform, which makes it an ideal source of
test voltage for distorlion measurements or a
power source for audio bridge measurements.

Frequencies are selected instantly by push-
button controls and include those recom-
mended by the Federal Communications Com-
mission for distortion measurements of broad-
cast transmitters. Thus, in combination with
the Typre 1932-A Distortion and Noise Meter,
(page 225), it provides a fast and accurate
means for making these transmitter tests.

When this oscillator is used as a bridge
power source, null balance is found more pre-
cisely and easily because of the low level of
harmonic voltage present at the null point.

The oscillator uses the inverse-feedback RC
circuit invented and developed by the General
Radio Company. Separate feedback networks

e e e e

—
i

e

control the frequency and amplitude, thus

providing high stability and low distortion.
Mica capacitors and wire-wound resistors,

chosen for maximum stability, are used in the

frequency-determining network. Amplitude
control is automatic, normally requiring no
adjustment as various frequencies are selecled.
FEATURES:

» Very low distortion, less than 0.19, over
most of range.

» Excellent frequency stability.

» Constant output voltage.

» Instant selection of any one of 27 test fre-
quencies by push-button control,

» Lower frequency range of 2 to 15 cycles
available from convenient plug-in range-
extension unit.

» Any other frequency between 2 and 15,000
cycles may be obtained by plug-in resistors.

SPECIFICATIONS

Frequency Range: 27 fixed frequencies between 20 and
15,000 eycles. (Also 2 to 15 eveles by use of extension
unit.)

Accuracy: = (1107, + (1.1 eyele).

Frequency Control: One push-button swilch provides a
frequency, and u second multiplies this frequency by
1, 10, or 100,

Frequency Stability: Changes in ac line voltage or outpul
load have no effect upon the frequency. Drift is not
greater than 0,029, per hour after the first 10 minutes.
Output Impedance: A push-button switch selects one of
three output impedances: 600 ohms balanced to ground,
tih-ohms unbalanced, or 5000 ohms unbalanced.

The actual outpul impedance of the 5000-ohm circuit
will vary between 1000 and 6000 ohms, depending on
Lthe setting of the volume control potentiometer, which
also has slight effect on the 600-ohm outpul circuil.
The 600-0hm balanced output ecircnit is balanced to all
audio frequencies when operated into a balanced load
of any impedance.

Output Power: 18 milliwalts into 600-ohms, or 6.6 volts
open circuit; 100 milliwatts into 4000-ohms, or 30 volls
open cireuit. Output voltage is constant with frequency
within = 1 db.

Waveform Distortion: 5000-ohm oulput, not more than
0.1%: 600-ohm output, nol more than (.19, between

50 and 7500 cycles, and not more than 0.25%, below 50
cyeles. Range-extension unit add less than 19,

Power Supply: 105 to 125 (or 210 to 250) volis, 25 to
60 cycles, 45 watts. Specify line voltage and frequency
when ordering.

Power input receptacle accepts either 2-wire (Tyee
CAP-35) or 8-wire (Tyre CAP-15) power cord. Two-wire
cord is supplied. For 8-wire, see page 237.

Operation from 400-cycle supply is possible if line
voltage is between 110 and 125 volts; power-frequency
hum is increased at 200- and 400-cycle output.

Tube Complement: One each, 6X5-G'T/G. 6W6-G'T, 6SL7-
GT, 0D3/VR-150, 6Y6-G, 65K7, 63Q7-G'T, 65J7

Terminals: Jack-top binding posts  with  standard  34-
inch spacing, a ground terminal and a standard Western
Electric double output jack on the front panel; Duplicate
output terminals on the rear of the instrument.

Accessories  Supplied: CAP-35 Power Cord, multipoint
connector, Tyer 1301-201 plug assembly, spare fuses,
Mounting: Relay-rack panel. End frames are available
for table mounting. (See price table below.)

Panel Finishes: Standard General Radio crackle. Certain
other standard finishes to match transmitters can be sup-
plied at small extra cost.

Dimensions: Panel (length) 19 x (height) 7 inches; depth
behind panel. 12 inches. Net Weight: 3114 pounds.

. Type | |  Code Word I Price
1301-A Low Distortion Oscillator ...........c.cocviiinniiiireniinns «ov |OZONE $595.00
1301-P1 Range Extension Unit (2 to cps).......... A OVATE 80.00
FRI-412 Aluminum End Frames........cccvveeiveverinnniesneeseeees. |ENDFRAMDIG| 13.00 Pair
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TYPE 1305-A LOW-FREQUENCY OSCILLATOR

USES: This oscillator is primarily a source of
very low frequency sinusoidal signals and has
many uses in the development and test of
servo-mechanisms, low-frequency amplifiers,
recorders, geophysical equipment, medical
instruments, and electrical analogs of me-
chanical systems.

It can be used to measure the gain and
phase-shift of 4-terminal devices and to deter-
mine the complex transfer characteristics of
amplifiers and servo-mechanisms.

Its usefulness in a variety of applications is
greatly enhanced by its three-phase output
(0°, 120°, 240°).

It includes a phase shifter whose output is
continuously variable in phase from 0° to 360°
with one complete turn of a dial. Phase meas-
urements at these low frequencies are thereby
made possible by Lissajous pattern techniques.

An adaptor provides a four-phase output
(0°, 90°, 180°, and 270°) which is useful for
applications requiring quadrature signals, such
as component resolution and circular oscillo-
scope sweeps.

With suitable amplifiers, this oscillator can

operate as a variable-frequency drive for the
study of the performance of 2-phase or 3-phase
machines, such as low-power motors and
synchros.
DESCRIPTION: The Tyre 1805-A Low-Fre-
quency, Three-Phase Oscillator uses three in-
'Smiley, G., “Ultra-Low Frequency, Three-Phase Oseil-
lator”, Proe. IRE, 42, pp. 677-680 (April, 1954).
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dependent RC phase-shift networks in a
phase-shift oscillator circuit.! In order to
achieve very-low-frequency operation with
components of practical size, the ‘*Miller
Effect™ is used to increase the effective size
of the capacitors. The RC phase-shift net-
works are connected as low-pass filters, and
the entire oscillator is direct-coupled for cir-
cuit stability. A network of biased diodes
serves as an amplitude regulator which pro-
vides an extremely high degree of amplitude
stabilization independent of frequency. Cath-
ode-follower circuits provide low-distortion,
low-impedance outputs. A six-phase rectifier
and meter connected across the outpul pro-
vide a direct indication of output voltage with
only slight ripple even at the lowest fre-
quencies. An output attenuator permits 60-db
reduction in output level. for convenience in
studies of high-gain systems.

The phase shifter is composed of a potenti-
ometer and a purely resistive network which,
when provided with a three-phase input, pro-
duces an output that is constant in amplitude
and continuously variable in phase independent
of frequency.

The Four-Phase Output Adaptor is a plug-
in unit, which contains & purely resistive net-
work to convert the three-phase to a four-phase
output, again completely independent of
frequency.

*Miller, J. M., Bureau of Standards Scientific Paper
No. 351, June 11, 1919.
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OSCILLATORS

FEATURES:

» Low-frequency output, 0.01 to 1000 cycles.
» Three-phase output (0°, 120° and 240°)
provided, and four-phase (0°, 90°, 180°, and
270°) output available with adaptor.

» Additional output signal with continuously
variable phase for convenient phase measure-
‘ments.

» Meter measures outpul vollage directly,
with low ripple even at lowest frequencies.

SPECIFIC

Frequency Range: (L.01 Lo 1000 cycles in five ranges.
Frequency Control: The main frequency control dial is
engraved from 1 Lo 10 cycles. A range switch multiplies
the seale frequencies by 0.01, 0.1, 1, 10, and 100,

F y Colibration Aceuracy: = 3%,

Frequency Stability: Warm-up drift is less than 19, in
the first Len minutes, less than 0,29 in the next hour.
Three-Phase Output: Al least 10 volls rms, open circuil,
line-to-neutral, behind 600 ohms in each phase, constant
with frequency to = 5%,. Phase voltages are equal to
each other within == 20,

The DIRECT position of the output altenuator swilch
rovides 75 ohms per phase but must not be loaded with
ess than 600 ohms per phase, wye-connected, or 1800

ohms per phase, delta-connected. A neutral terminal is
provided. Phase Accuracy, = 2°

Outpul power is 167 milliwalls per phase, maximum,

into a 3-phase wye-connected load of 600 ohms per phase.
Four-Phase Output: Al least 5 volts, rms, line-to-neutral,
behind 600 ohms, from the 4-phase adaptor. Phase
Accuracy, = 3°

Variable-Phase Outpur: Al least one voll, rms, behind
the impedance of the outpul potentiometer (50,000 ohms,
maximum). Phase accuracy, = 8%

Waveform: Total harmonic content is less than 89, for
all outpul values and for all frequencies for any load
excepl in the DIRECT position of OUTPUT ATTENU-
ATOR switch. For the DIRECT position of the OUTPUT
ATTENUATOR switch, total harmonic content is less
than 8 9%, for any wye-connected load of more than 600

» Excellent amplitude stability and low dis-
tortion.

» Polystyrene-dielectric capacitors are used
on low-frequency ranges for error-free opera-
tion.

» Logarithmic frequency scale.

» Regulated power supply eliminates effect
of line-voltage variations.

# Outpul step attenuator allows convenient
reduction of output level in three 20-db steps.

ATIONS

per leg or delta-connected load of more than 1800 Q per
phase. Line-frequency hum in the output is less than 10
millivolts.

Terminals: Tyre 938 Binding Posts. Neutral can be con-
nected to the chassis, which can be grounded through a
3-wire power cord.

Mounting: Aluminum, 19-inch, relay-rack panel; alumi-
num cabinet. For table mounting (Type 1305-AM),
aluminum end frames are supplied to fit ends of cabinet;
for relay-rack mounting (Tyre 1305-AR), brackets for
holding cabinet in rack are supplied. Relay-rack
mounting is so arranged thal panel and chassis can be
removed from ecabinet, leaving cabinetl in rack, or cabi-
net can be removed from rear of rack, leaving panel
attached to rack.

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
60 cyeles. "‘olal power consumplion is 135 watts. In-
strument will operate satisfactorily on  power-supply
frequencies up to 400 cycles,

Power inpul receptacle will accept either 2-wire
(Tyee CAP-35) or 3-wire (Type CAP-15) power cord.
Two-wire cord is supplied. For S-wire, see page 287.
Tube Complement: Four each 6197; three each 6BHG, 5963;
one cach OB2, 12AX7, 6080; six IN536 erystal diodes:
eight IN119 erystal diodes; one SV18 erystal diode.
Accessories Supplied: T'yre CAP-35 Power Cord, three Type
274-MB Double Plugs, spare fuses, Four-Phase Output
Adaptor Tyee 1305-P1.
Dimensions: Panel, (width)
depth behind panel, 12 inches,

19 x (height) 7 inches;

Net Weight: 35 pounds.

Type | - l Code Word ﬂ Price
1305-AM | Low-Frequency Oscillator, Bench Model.................. DEBUT $940.00
1305-AR | Low-Frequency Oscillator, Relay-Rack Model........... DONOR 940.00
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OSCILLATORS

TYPE 1304-B BEAT-FREQUENCY AUDIO GENERATOR

USES: For amplitude-frequency tests on audio
frequency equipment—lines, amplifiers, fil-
ters, equalizers, transducers, and other net-
works—this beat-frequency generator is the
best test-signal source that can be used. Its
especial fitness for these applications lies in
four of its characteristies:

(1) its frequency scale is logarithmic;

(2) it covers the entire audio range in one
sweep of the dial;

(3) its output voltage is constant with
frequency.

(4) its distortion is extremely low.

The Type 1521-A Graphic Level Recorder
(page 147) is designed to drive the oscillator
dial through a chain-and-gear system. For use
with an X-Y plotter, the Type 908-R Dial
Drives (page 152) are recommended. These,
as well as the Type 908-P Dial Drives, (page
151) attach directly to the oscillator dial in
place of the knob.

As a general-purpose audio generator, the
Type 1304-B finds constant use in the elec-
tronics laboratory, as a power source for bridge
measurements, as a modulator for rf signal
generators, and as a test source for acoustic
work at both audio and ultrasonic frequencies.

DESCRIPTION: This generator has a number of
unusual design features that contribute to
superior performance and ease of operation.
Two radio-frequency oscillators, one fixed and
one variable, feed a pentagrid converter
through buffer amplifiers. The resulting differ-
ence frequency, after passing through a low-
pass filter, is amplified in a degenerative
amplifier. The output stage of this amplifier is
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the unique, low-distortion, single-ended, push-
pull circuit.*

The oscillator output level is continuously
adjustable, and the output can be connected
for either balanced or unbalanced use. The
unbalanced output ecircuit contains a three-
step attenuator. The output voltmeter is cali-
brated in dbm and open-circuit output volts.

The output voltmeter is used to standardize
the frequency calibration of the oscillator
when the output frequency is set to either
the power-line frequency or to zero beat.

The frequency dial carries a logarithmie
frequency scale for the range 20 ¢ to 20 ke,
and it is driven by a slow-motion gear-reduc-
tion drive, essentially free from backlash. A
cycles-increment dial provides a means of
varying the frequency over a range of =50
cycles at any setting of the main dial.

A second range from 20 ke to 40 ke is avail-
able by the operation of a single panel switch.
FEATURES:

» Essentially constant output voltage.

» Output voltmeter for accurate and rapid
setting, and accurate attenuator.

» Frequency coverage from 20 ¢ to 40 ke.

» Audio spectrum—20 ¢ to 20 ke covered in
a single sweep of the dial.

» High stability of both output and fre-
quency.

» Very low hum level.

» Excellent waveform.

» Dial can be motor driven.

» High quality components, stabilized power
supply, and advanced circuit design.

*A. PG, Peterson and D. B, Sinclair, “*A Single-Ended Push-Pull
Audio Amplifier.” Proc. LR.E., vol. 40, pp. 7-11, January, 1952,
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OSCILLATORS

SPECIFICATIONS

Frequency Range: 20 to 40,000 cycles in two ranges.
Frequency Controls: The main control is engraved from
20 to 20,000 cycles per second and has a true logarithmie
frequency seale, The total scale length is approxi-
mately 12 inches. The effective angle of rotation is
240°, or 80° per decade of frequency. For the higher
range, throwing a panel switch adds 20 ke to the scale
frequency. The frequency increment dial is calibrated
from 450 to -50 eyeles.
Frequency Calibration: Within = (1%, + 0.5 cyele) after
the oscillator has been correctly set to the line frequency
or to zero beat. The 20 ke added by the range switch is
accurate within = 0,59, Accuracy of frequency-increment
dial is = 1 cycle.
Zero-Beat Indicator: The output voltmeter is used lo in-
dicate zero beat.
Frequency Stability: The drift from a cold start is less
than 7 eyeles in the first hour and is essentially com-
pleted within two hours.
Output Voltmeter: Calibrated in volts output al open
cireuit, and in dbm. Above 109, of full scale the cali-
bration is accurate within = 59 of the reading.
Output Attenuator: Used only with single-ended output:
has three steps of 20 db each, with an accuracy of = 19,
of the nominal attenuation.
Output Control: For each step of the attenuator the
output voltage can be varied continuously from zero to
the maximum voltage.
Output Voltage: Continuously variable from below 5 mil-
livolts to 50 volts, open cireuil. Full-scale, open cireuit
output voltages of 50 millivolts, 500 millivolts, 5 volts,
and 50 volts are provided.
Frequency Ch For a 600-ohm resistive load the
variation of output voltage with frequency is as follows:

NORMAL Range, 20 to 20,000 ¢ = .25 db

ADD 20 KC Range, 20-30 ke, =0.5 db

30-40 ke, = 1.0 db

For open-circuit operation the output voltage rises
considerably at the higher frequencies.
Output Impedance: 600 ohums, resistive, within = 29,
At + 20 dbm setting of the output attenuator, the

Tyee 1304-B Generator driven by a Tyee 908-R Dial
Drive for use with an X-Y plotter.

outpul may be used either balanced or with one side
grounded. With one side of the output grounded, the
attenuator may be used throughout its entire range.
Iou?iw' Power: 1 wall, max., into a 600-ohm resistive
oad.
Harmonic Distortion: Less than 0.25%, from 100 to 10,000
cycles. Below 100 eycles the harmonic contenl increases
and may reach 0,59, at 50 cycles. Above 10,000 cycles
the harmonic content is less than 1%,
AC Hum: Less than 0,19, of the outpul voltage for
output voltmeter readings above 109 of full scale.
Terminals: Tyre 938 Binding Posts and standard West-
ern Electric double output jack on panel: a standard
four-terminal socket at the rear.
Mounting: Aluminum, 19-inch, relay-rack panel; aluminum
cabinel. For table mounting (Tyre 1304-BM), aluminum
end frames are supplied to fit ends of cabinet; for relay-
rack mounting (Tyre 1304-BR), brackets for holding
cubinel in rack are supplied. Relay-rack mounting
is so arranged Lhal panel and chassis can be removed
from cabinet, leaving cabinet in rack, or cabinel can
be removed from rear of rack, leaving panel attached
lo rack.
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to
60 cycles. Power consumption is about 100 walls.

Power input receptacle will accepl either 2-wire
(Type CAP-35) or S-wire (Tyre CAP-15) power cord.
Two-wire cord is supplied. For 8-wire, see page 237.

Tube Complement:

2— 6SL7-GT 1 — 65A7
2— 6AV5-GA 1 — 12AT7
< —0Ds 1 —aV4-G

Accessories Supplied: I'vpe CADP-85 Power Cord, four-
terminal plug, and spare luses.

Dimensions: 1994 x 1514 x 714 inches over-all.

Net Weight: 39 pounds.

Tyre 1304-B Generator driven by Tyee 1521-A Graphie
Level Recorder.

Type | | Code Word | Price
1304-BM | Beat-Frequency Audio Generator, Bench Model ........ | CAROL | $625.00
1304-BR Beat-Frequency Audio Generator, Relay Rack Model... CARGO 625.00

PATENT NOTICE, See Notes €8, 9, nnd 15, page x

Another Beat-Frequency Oscillator, the Type 1107-A, (page 81) has a linear scale from
0 to 5000 eycles and is used as an interpolating device in frequency measurements.
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USES: The wide range and the excellent fre-
quency and amplitude stabilities of this
oscillator make it a superior source of power
for bridges and other measurement networks.
It is particularly recommended for use with
the Type 716-C Capacitance Bridge and is
used in the Type 1610-A Capacitance Meas-
uring Assembly (page 14).

DESCRIPTION: This instrument is an RC os-
cillator employing an inverse-feedback circuit.
The frequency-determining network is a Wien
bridge, in which the ecapacitive elements are
controlled by the main frequency dial, and
resistive elements are selected by a range
switch.

The amplitude of oscillation is held constant
by using a second bridge section, one arm of

TYPE 1302-A
OSCILLATOR

which is a non-linear resistance. A buffer
amplifier ahead of the output control mini-
mizes reaction on the oscillator frequency.

Both balanced and grounded outputs are
provided.

FEATURES:

» Wide frequency range, 10 to 100,000 cycles.
» Excellent frequency stability.

» Low harmonic distortion.

» Semi-logarithmic scale eliminates crowding
at the low-frequency end and still allows pre-
cision setting of high frequencies.

» Vollage regulation in the power supply re-
moves effects of line-voltage transients and
allows the instrument Lo operate over a wide
range of supply voltages.

SPECIFICATIONS

Frequency Range: 10 to 100,000 cycles in four ranges.
Frequency Control: The main control dial is engraved from
10 to 100 cycles. Four multiplier swilches multiply the
scale frequencies by 1, 10, 100, or 1000,

Frequency Calibration: = (1199, + 0.2 eycle).

Frequency Stability: Warm-up drift is less than 19, in the
first ten minutes, less than 0.2%, during the next hour.
Output Impedance: Balanced 600 ohms and grounded 3000
ohms. The internal impedance of the 600-ohm output is
constant at 550 ohms; if the LOW output terminal is
grounded it becomes 300 ohms, grounded. In the 5000-
ohm outpul impedance position, (for 5000-ohm loads) the
internal impedance of the oscillator averages approxi-
mately 400 ohms,

Output Voltage: At least 20 volts open circuit on 5000-0hm
output, and 10 volts open circuit on 600-ohm output,
= 1.0 db over Lhe entire frequency range.

Output Power: 80 milliwatls, maximum, into a 5000-ohm
load; 40 milliwatts, maximum into a balanced 600-chm
load; 20 milliwalts into a 800-0hm load.

Waveform: Total harmonic content is less than 1%, for all
output values and at all frequencies, for 5000-ohm output;
less than 0.59, for 600-ohm output. Considerable devia-
tions from nominal load impedances do not appreciably
affect the distortion.

A-C Hum: 5000-ohm output, 24 millivolts, maximum. G600-
ohm output, 12 millivolts, maximum.

Terminals: Jack-top Tyre 938 Binding Posts with standard
34-inch spacing. The separate ground terminal has a strap
which can be used to ground the LOW output terminal,
Output is also available at a multipoint connector at the
rear of the instrument. A maling connector is supplied.
Mounting: Relay-rack panel easily adapted for table mount-
ing by the addition of end frames. (See below).

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60
eyeles. Tolal power consumption is 90 watls,

Instrument will operate satisfactorily on power-supply
frequencies up to 400 cycles,

Power input receptacle will aceept either 2-wire (Tvype
CAP-35) or 3-wire (Tyee CAP-15) power cord. Two-wire
cord is supplied. For 3-wire, see page 237,

Tube Complement: T'wo each: 6SL7-GT, 6W6-GT. One
each: 6AKG, 6F6, 6V6-G'T, 6J5-GT, 5V4-G, OD3.
Accessories Supplied: Tyre CAP-35 Power Cord, Tvre
274-NK Shielded Plug, spare fuses, and multipoint-
connector.

Dimensions: Panel (width) 19 x (height) 7 inches; depth
behind panel, 12 inches.

Net Weight: 30 pounds,

Type | l Code Word | Price
1302-A Oscillator..... ....... At vhennistiada Ty dvivesdvs L ETNAL $450.00
FRI-412 Aluminum End Frames ...............ecevvvvvnee.. | ENDFRAMDIG 13.00 Pair

PATENT NOTICE. Ser Note £, page x.
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TYPE 1307-A TRANSISTOR OSCILLATOR

In addition to its primary use as a power

source for the Tyre 1552-B Sound-Level Cali-
brator, this pocket-size oscillator is most con-
venient for use in continuity checks of audio
systems, in setting operating levels, in check-
ing sensitivity of oscillographs, in making
preliminary calibrations of electronie systems,
and as a power source for bridge measure-
ments at 400 and 1000 cycles.
DESCRIPTION: The oscillator uses a P-N-P
junction transistor in a Hartley circuit. The
inductor in the tuned circuit includes a wind-
ing for coupling to the load, and a rectifier-
type voltmeter is connected across this winding
to indicate output voltage.

SPECIFICATIONS

Frequency: 400 and 1000 eycles.

Frequency Accuracy: =37, al 2 volts output into 600-ohm
resistive load.

Output: Adjustable to a maximum of at least 2 volts into
a 600-ohm load.

Distortion: Less than 5%, al 400 ¢ with 2 volls across a
resistive 600-ohm load.

Voltmeter: Calibrated in volts, with 3 volts full seale,

Output Circuit: Outpul cable (20 inches) terminated in a
Tyre 274-MB Double Plug,

Batteries: Three mercury A batteries (Mallory RM-1 or
equivalent) are supplied.

Transistor: One P-N-P junction transistor (RCA Tyee
2N 105 or equivalent).

Case: Aluminum, erackle finish.

Carrying Case: Leather ease with a strap is available for
holding both oscillator and sound-level ealibrator.
Dimensions: Case, § x 3l4 x 214 inches, over-all.

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

Type I I Code Word l Price
1307-A Transistor OSelllotor .. coxiiisvinnsintaninpssissisiemas OMEGA $85.00
1560-P31 | Leather Carrying Case (for both ator and

CADIBLOr) : iviioiisassasissnssssasinssionsimms SaraTiE CANOE 10.00

TYPE 723 VACUUM-TUBE FORKS

The Tyepe 723 Vacuum-Tube Forks are
compacl, highly stable, fixed-frequency electro-
mechanical oscillators with excellent waveform.
They are used for distortion measurements,
modulators, power sources for impedance
bridges and transmission-line measurements,
and as sources of timing pulses for oscillo-
grams. An a-c power supply is included that
may be replaced with batteries, if desired.

-

SPECIFICATIONS

Frequency: 400 or 1000 cycles.

Frequency Stability: Total warm-up frequency drift 0.15
to 0.2%, most of which oceurs in first half-hour of opera-
tion. Temperature coefficient of frequency —0.0089; per
degree Fahrenheit. Voltage coefficient of frequency is
negligible. Frequency is independent of load.

Accuracy: = 0,059, at ambient temperature 25° C.

Output: 45 milliwalts into a matched load.

Output Impedance: 50, 500, or 5000 ohms.

Waveform and Hum Level: Total harmonic content is less
than 0.5%. Power-supply hum is less than 0.19%,.

Power Supply: 105 Lo 125-volt, 40 to 60-cycle line. Bat-

teries can be substituted for the power pack for field
use. For battery operation, one Burgess 4FH (1)g-volt)
and two Burgess Z30NX (45-volt), or equivalent, are
required. The ON-OFF switch is arranged to control
either ac line or battery current.

Tube Complement: 1-1A5, 1-0C3.

Accessories Supplied: T'yre CAP-35 Power Cord.

Mounting: Phenolic panel; walnut-finish hardwood cab-
inel.

Over-all Dimensions: (Length) 1084 x (width) 624 x (height)
7%4 inches.

Net Weight: 94 pounds.

Type I I Code Word 1 Price
723-C Vacuum Tube Fork (1000 cycles).........cocvviiiiiiininns SOLID I $185.00
723-D | Vacuum Tube Fork (400 cycles) ........... e wie SULKY 200.00
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TYPE 1330-A BRIDGE OSCILLATOR

USES: The Bridge Oscillator is a stable, vari-
able-frequency source of power for bridge and
other measurements at audio and radio fre-
quencies. It supplies three fixed audio frequen-
cies and a wide range of radio frequencies,
continuously adjustable, with power output

sufficiently high for most laboratory measure-

ments. It covers the frequency range of the-
Type 1606-A and Tyre 916-AL Radio Fre-
quency Bridges and the Typg 716-CS1 Capaci-
tance Bridge. At audio frequencies it can be
used with the Type 716-C Capacitance Bridge,
the Type 1603-A Z-Y Bridge, the Tyre 1652-A
Inductance Bridge, and the Tyee 1661-A
Vacuum-Tube Bridge. Its power output of
about one watt is adequate for most resonant-
circuit measurements. The Type 1330-A Bridge
Oscillator is an economical, general-purpose,
laboratory source, of maximum utility and
adaptability.

DESCRIPTION: Both the circuit and the me-
chanical construction of the Bridge Oscillator
are similar to those used in the Typr 1001-A
Standard-Signal Generator (page 92), but a

SPECIFI

Frequency Range: Three fixed audio frequencies (power-
line frequency, 400 ¢, and 1000 ¢) and a continuous fre-
quency spectrum from 5 ke to 50 Mc in eight direct-
reading ranges as follows: 5 to 15 ke, 15 to 50 ke, 50 to
150 ke, 150 Lo 800 ke, 0.5 to 1.5 Me, 1.5 to 5 Me, 5 to 15
Me, and 15 Lo 50 Me.

Frequency Accuracy: =59, for the 400- and 1000-cycle
fixed frequencies, =29, for the carrier frequencies above
150 kilocyeles, and =89 for the carrier frequencies
below 150 kiloeycles under no-load conditions. A 50-ohm
resistive load may cause a frequency shift of as much as
=59, al some of the lower carrier frequencies; above
150 kilocycles, the frequency shift due to a 50-ohm load
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higher-power oscillator tube is used, and the
aperiodic output stage has been omitted.
Tuning capacitor and inductors are ruggedly
constructed to assure frequency stability, the
oscillator circuits are doubly shielded to
minimize stray fields, and a modulating cir-
cuit of unusual design provides excellent
modulation characteristics over the radio-
frequency range.

Modulation is available at two audio fre-
quencies and at two levels, selected by switches.

Outpul terminals are Tyre 874 Coaxial
Connectors, and coaxial cables and adaptors
are supplied to permil complete shielding from
the oscillator to the measuring circuit.

FEATURES:

» Wide frequency range.

#» Internal modulation available.

» Good frequency stability with low distor-
tion.

» Excellent shielding.

» One watt output over much of the radio
frequency range.

» Rugged and compact construction.

CATIONS

is usually less than +19%. From 5 kilocyeles to 15 Me,
the dial calibration is logarithmic,

Incremental-Frequency Dial: The slow-motion dial indicates
frequency increments of 0.19, per division from 5 ke to
15 Me.

Output Voltage and Power: The AUDIO output jack pro-
vides a fixed voltage outpul of approximately 12 volts
open cireuit, or a power output of approximately % walt
into a matching 50-ohm load; the output at the RF jack
is controlled by the RF control and supplies adjustable
outpul for the 5 ke to 50 Me range; over Lhe mid-frequency
range, the open circuit output voltage is approximately
ten volts, and the outpul power into a 50-ohm load (out-
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OSCILLATORS

pul control at maximum) is approximaltely one watt. The
outpul falls off at the upper and lower ends of the fre-
quency spectrum,

Output Impedance: 50 ohms at the AUDIO jack; between
20 and 80 ohms, depending on frequency, at the RF jack
when the 250-ohm output control is at maximum.
Modulation: The RF range (15 ke to 50 Me) can be .in-
ternally amplitude-moduylated at either 400 ¢ or 1000 ¢
al the two nominal modulation levels of 25%, and 509,
There is no provision for external modulation.

Envelope Distortion: Less than 69, at the 509, modulation
level; less than 39, at 259, modulation.

R-F Distortion: Wil?l the output terminated in a 50-ohm
resistive load, the RF control at its maximum setting, rf
distortion is 8.5%, over most of the range; al the lower
frequencies it is 7%,

AF Distortion: 5%, al 400 and 1000 cycles.

Leakage: Stray fields at 1 Me are less than 50uv per meter
at two feet from the oscillator.

Controls: A swilch for selecting between AUDIO (LINE,
400 ¢ or 1000 ¢) and RF output (CW or MODulated
— 400 ¢, or 1000 ¢); a switch for selecting between HIGH
and LOW modulation; a voltage divider for controlling
the RF output; a range switch; a calibrated dial and a
vernier dial for setting the radio frequency; a power
switeh.

Accessories Supplied: T'yre 874-R22 Coaxial Cable, Tyre
874-Q2 Adapior, Tyee 874-C58 Cable Connector, Tyre
874-PB58 Panel Connector, Tyee TO-44 Adjustment
Tool (mounted on rf shield cover), Tyre CAP-35 Power
Cord, and spare fuses.

Type

Movunting: Aluminum panel finished in crackle lacquer.
Aluminum cabinet has wrinkle finish and is provided with
carrying handles. Cabinet can be removed for relay-rack
mounting.

Power Supply: 105 to 125 (or 210-250) volts at 40 to 60
eycles. The power input is aboul 30 watls.

Instrument will operate satisfactorily on power-supply
frequencies up to 400 eycles.

Power inpul receptacle will accept either 2-wire (Tyre
CAP-35) or 8-wire (Type CAP-15) power cord. Two-wire
cord is supplied. For 3-wire, see page 237.

Tube Complement: T'wo 6AQ5’s and one 6X4.

Terminals: Tyre 874 Coaxial Terminals nre provided for
both the AUDIO output and the RF output.

Dimensions: (Height) 744 x (width) 2187 x (depth) 1114
inches, over-all.

Net Waight: 3714 pounds.

RE OSCILLATOR

?mm
¥

AUGIG OSCILLATOR

| Code Word | Price

1330-A

PATENT NOTICE. See Note 4, page x.

|
| Bridge Osdlllalor. ... .ccvvinbsuimmnsisisdivase s |

ACORN | $575.00

UNIT OSCILLATORS
GENERAL RADIO’S LOW-COST, HIGH-QUALITY LINE

On the following seven pages are described
General Radio Unit Oseillators.

These oscillators are efficient, well-shielded
sources of power, built for maximum utility in
the research laboratory, the production test
department, or the college experimental class.
They have wide frequency ranges with accurate
calibration, provision for modulation, and
higher-than-average, continuously variable
output power. They are laboratory-quality

instruments with great adaptability and are
offered at economy prices that help the labora-
tory budget.

Unit oscillators have moderate power re-
quirements met easily by inexpensive Unit
Power Supplies. The Type 1203-B Unit Power
Supply is an efficient supply at low cost. The
Type 1201-B Unit Regulated Power Supply
is available for best performance through
automatie regulation of plate voltage.

1210-8

\ 12i-8

‘  « 1215-8 FREQUENCY COVERAGE

3z _1208-|B

i (] 1209-8

1218-A 1220
t=|209-BL AlLAZ A3, A4 A5 AB AT, AB

ul g 2 28 gl = = ol ol © g o|iv| o]
ol 8 8 8 =1 § gl R &l S o o §
o | 9 b B L | | ca] M + b wwlinf ~
20 CYCLES 7425 MEGACYCLES
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OSCILLATORS

TYPE 1210-C UNIT R-C OSCILLATOR

USES: This compact, inexpensive oscillator
offers outstanding performance per dollar and
per cubic inch of space.

It can be used as:
» A power source for sine-wave measurements
at audio, ultrasonic, and low-radio frequencies.
> A source of square waves for network
steady-state and transienl response measure-
ments at audio, ultrasonic, and. low-radio
frequencies.
» A sine-wave or square-wave modulator for
rf oscillators and standard-signal generators.
» A square-wave trigger for pulse generators.
» A swept oscillator for displaying amplitude-
frequency characteristics: with the Type 908-
P1 Synchronous Dial Drive or the Type 907-R
Dial Drive for plotting the characteristics on
a graphic recorder; or with the Type 908-P2
Synchronous Dial Drive for display on an
oscilloscope.
» A high-power RC oscillator when combined
with the Type 1206-B Unit Amplifier.

DESCRIPTION: The frequency of the oscillator
is determined by an RC network. A fast-re-
sponding AVC system is used to hold the
amplitude of oscillation constant in spite of
changes in frequency or line voltage.

The oscillator provides three different out-
puts that contribute to its versatility and
usefulness. A three-position switch selects any
one of the following:

1. A low-impedance, low-voltage output

110

from a cathode-follower type of amplifier.
This output has good waveform over its entire
range of 0-7 volts for load impedances of 500
ohms and higher and has an effective output
impedance of 50 ohms. It is applied directly
to the 5000-ohm output control, calibrated in
decibels, which yields a 50 to 1250-ohm output
impedance. The calibration is useful with
high-impedance loads and is reliable even at
the lowest voltage levels, since the output is
less than 8 millivolts when the control is at
its extreme counter-clockwise position. Dis-
tortion is less than 19, over most of the fre-
quency range.

2. A high-impedance, high-voltage output
from a cathode-follower-driven triode ampli-
fier. This output delivers up to 45 volts,
open circuit, behind an impedance of 14 kilohms.
Output impedance is constant, regardless of
attenuator setting. Distortion is less than
59, over most of the range.

3. A square-wave output from a Schmitt
circuit. This output furnishes square waves
of 30-volt peak-to-peak amplitude (open-circuit)
behind 2500 ohms, with 4 psec rise-time
and with approximately 19 overshoot. The
rise time is reduced to about 0.15 usec when
the output is loaded with a resistance of
1000 ohms.

When the oscillator is to be permanently
mounted in the laboratory, it becomes a rack-
mounted instrument in combination with the
Tyre 480-P4U3 Relay-Rack Panel.
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OSCILLATORS

FEATURES:

» Very wide frequency range—audio, super-
sonie, and radio frequencies.

Sine- and square-wave outpul.

Small size.

Inexpensive.

Sweepable.

YyYvywvy

» Fast-responding AVC system,

» Calibrated output control.

» Qutput constant with frequency.
» High output voltage.

» Precision frequency-control dial,
» Compact and rugged.

SPECIFICATIONS

Frequency Range: 20-500,000 ¢ in 5 ranges: 20-200, 200-
2000, 2000-20,000, 20,000-200,000, and 50,000-500,000 c.
Frequency Controls: Range selection switch and 4-inch
precision gear-driven dial. Dial has two scales, 2-20 and
50-500, and is geared 1o a slow-motion knob that covers
each decade in aboul 414 Lurns.

Frequency Accuracy: =37,

Qutput Control: Logarithmie, calibrated 0-50 db.

Output System: 3-posilion panel switeh for square-wave,
sine-wave low-impedance, or sine-wave high-impedance
oultput,

Low-Impedance Output: (for loads of 500 ohms and higher)
0-7 v, open cireuit, constant within =1 db up to 200 ke;
internal output impedance 50 ohms at full output, 1250
ohms al half output; no-load distortion less than 1%, from
200 ¢ to 10 ke, less than 1.59, over entire frequency range,
Hum is at least 60 db below outpul vollage level.
High-Impedance Output: (for loads of 10,000 ohms and
higher) 0-45 v, open cireuit, constant within =1 db from
200 ¢ to 150 ke Jislurliun less than 5%, from 200 ¢ to 200
ke, no load (reduced under load). [Internal output
impedance 14,000 ohms. Hum at least 50 db below maxi-
mum outpul voltage level,

Square-Wave Output: 0-300 v peak to peak; rise time ap-
proximately 14 usec; overshool approximately 1% hum at
least 60 db below outpul voltage level; internal output

impedance 2,500 ohms,

Qutput Terminals: Two jack-top Tyee 988 binding posts,
one grounded Lo panel.

:‘n:’h\elc_;mplemam: One each 6BQ7-A, 0B2, 6189, 12A177-WA.,
Power Requirements: 6.3 v ac or de al 1 amp: 300 v de al
50 ma.

Power Supply Recommended: Tvyre 1203-B Unil Power
Supply for operation from 115 v, 50-60 cyeles.

‘he Tyee 1201-B Unit Regulated Power Supply will
provide a slight improvement in frequency stability on
the highest frequency range.

Instrument will operate satisfactorily on power-supply
frequencies up to 400 eycles, with either power supply.
Mounting: Aluminum panel and chassis; bench mounting.
The Type 480-P4U3 Relay Rack Adaptor Panel is avail-
able for use with oscillator and power supply combination,
Panel height, 7 inches.

Accessories Available: For higher outpul (3 watls) use Tyre
1206-B Unit Amplifier (page 68); for oscilloscope display.
Tyre 908-P2 Synchronous Dial Drive (page 151): for
graphic recording, Tyee 907-R Dial Drive or Tyee 908-P1
Synchronous Dial Drive (page 151).

Dimensions: Panel, (width) 9%, x (height) 5'4; depth
behind panel, 54 inches.

Weight: 514 pounds.

Type I Code Word Price
1210-C Unit R-C Oscillator .............. SRR b asas rpvesisT, PABAET $180.00
1203-B Unit Powar SUPPIY. v.vocvivississssnsisonnsisnnssasssnavans || ALIVE 40.00
480-P4U3 | Relay-rack Panel (for mounting both 1210-C and

1203-Binone panel) .........ccovvvviviviniiniiiiniieinniie. | UNIPANCART 10.85
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Typical output and harmonie distortion characteristics of the Tyee 1210-C Unit R-C Oscillator as functions of
frequency and load.
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OSCILLATORS

TYPE 1214 UNIT OSCILLATORS

The Tyre 1214 Unit Oscillators are compact and inexpensive
Unit oscillators generating fixed frequencies. The A-model
generates frequencies of 400 and 1000 cycles; the D-model, 120
cycles; the E-model, 270 and 1000 cycles; and the M-model, 1
megacycle. A Type 1214 Unit Oscillator is a convenient modula-
tor for the high-frequency unit oscillators and is useful as a
power source for bridge measurements. The distortion is low,
and the output level is higher than that of most small oscilla-
tors. The output can be isolated from ground for use of the
oscillator as a modulator in the plate circuit of a high-frequency
oscillator. Unlike most instruments of the Unit line, the power
supply is built into the instrument.

Tyee 1214-D Tyre 1214-E Tyee 1214-M

SPECIFICATIONS

Type 1214-A 1214-D 1214-E 1214-M
Frequency 400 or 1000 ¢ 120 ¢ 270 or 1000 e 1 Mc
Accuracy =205 %= 5% %= Q07 =17,
Maz Output 200 mw into 8000 Q 400 mw into 1, 5, 15, 300 mw into 800 2 300 mw into 50 Q@
. 150, 15008 (Type 1661-A
(Tyer 1611-B Bridge) R-F Bridge)
Distortion 3%, into 8000 Q 39, into malched load 3% into 800 Q 3.5%, into 50 Q
Power Input at
115 Volts 16 w 16 w 16 w 12 w
Tube One 11TN7-GT, which is supplied with the instrument
Dimensions Panel, (width) 434 x (height) 514 ; depth behind panel, 514 inches,
Weight 414 pounds | 4% pounds | 4% pounds | 234 pounds
Power Supply: 105 to 125 volts, 50 Lo 60 cycles. Instru- Accessories Supplied: Spare fuses; power cord is perma-
ment will operate satisfactorily on power-supply fre- nently attached.
quencies up to 400 cycles, Mounting: Aluminum cabinet and dust cover. Relay rack

panel available.

Type | | Code Word | Price
1214-A Unit Oscillator, 400 and 1000 € ....vvvvvvviniininennnnnnes ALLAY $ 75.00
1214-D Unit Oscillator, 120 ¢....c.cvvnvnnnen B R e e s .| aBBor 100.00
1214-E Unit Oscillator, 270 and 1000 ¢ .....oovvivveiiininaiinnas ASSAY 75.00
1214-M Unit Oscillalor; T ME....o0euinsomebisnsvsinmss sapbtinasraenal]| ATONE 75.00
480-P4U1 | Relay Rack Adaptor Panel (for one oscnllutor) ........... UNIPANARCH 10.00
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HF, VHF, and UHF UNIT OSCILLATORS

USES: These oscillalors are compacl, low-priced unils
that cover wide frequency ranges with single-dial control.
Adequate power, coupled with good shielding, makes
these oscillators well suited to drive bridges, slotted lines,
and other impedance-measuring equipment. Their con-
venient adaplability makes them useful as general-
purpose instruments for the laboratory, and their small
size, simplicity, and low cost assure their usefulness in
production applications.

General Radio unit oscillators cover all frequencies be-
tween 20 ¢ and 2000 Me, and barring a few small gaps, all
frequencies from 2700 to 7425 Me.

OUTPUT: The power oulpul of these oscillators is between
100 milliwatts and 2 waltts, as stated in the individual
specifications. This power is adequate for practically all
laboratory measurements wilth bridges, slotted lines, ad-
mittance meters, tuned circuits, ele.

TERMINALS: Output terminals are Tyre 874 Coaxial Con-
neclors for convenient conneclion to General Radio meas-
uring equipment and coaxial elements. Adaplors that
permil interconnection with other standard coaxial con-
nectors are also available. (See page 58).

POWER SUPPLY: Uinit Oscillators have moderate power
requiremenls mel easily by inexpensive Unil power sup-
plies, They are designed to operate from the Tyer 1203-B
Unit Power Supply (see page 142). These oscillators can
be used with other power supplies, bul less than maxi-
mum outpul will be obtained.

SWEEP APPLICATIONS: Adaptability to sweeping tech-
niques is another convenience of these instruments. They
ean be swepl over fixed ranges of dial arc by sweep drives
al either [ast speeds for oscilloscopic display or slow

speeds for recorder npr_'!icalinnﬁ. For sweep applications,
the Tyee 1263-A Amplitude Regulating Power Supply is
recommended.

MODULATION: Amplitude modwation over the audio
range can be obtained by superimposing a-f voltage on the
plate supply. The audio source must be capable of carry-
ing the de plate current of the oscillator. The Tyre 1214
Oscillators are recommended as modulators. Inecidental
fm inherent in this system is of the order of 0.019 for
309, am in the lower part of the tuning range and in-
creases rapidly at the high-frequency end.

With the Tyee 1000-P7 Balanced Modulator the.out-
put of the Unit Oscillators (above 60 Me) can be mod-
ulated up to 1009, with sinusoidal or pulse waveforms,
and rise Limes as shorl as 0.02 psec can be oblained. For
video modulation the Tyee 1000-P6 Crystal Diode
Modulator can be used.

ASSEMBLIES: These oscillators can be used with Type 874
Coaxial Elements Lo assemble a wide variety of systems,
such as detectors, signal generators, pulsed oscillators,
ete., which would otherwise require more specialized and
expensive equipment.

The diagram below shows some of the accessories used
with Unit Oscillators for building-block assemblies. For
more complete listings of accessories see:

Coatal EICments .. yuveesoneyrs srerssvannmses pp 48-56
Connectors and Adaptors .........coovenen pp 57-58
DAl Drives ariisameavnnns svssssanmend inazis pp 149-152
1 17 (10 70T R S e W S ST pp 96-98
Other Unit Instruments................ooin. pp 201-202
YoWerSupples | cun s nse ittt o pp 142-145
SR eep DIPVeN . L s s SR N SR A A e pp 149-152

DIAL DRIVES
FOR SWEEPING g §
TYPE [750-4 53 H
TYPE 908-P;P2 g 3
i TYPE 908-R = lﬁ‘ 5
AMPLITUDE : & £ g
REGULATING ! g 2= 3
| T §m o8
| £ g 25
I & g E 3 g
TYPE 1263 | F - 2 |rreesrav 8 z
£ = VOLTMETER z
3 ~ INDICATOR g S
o 0
El POWER SUPPLY A —— ""=| e -._I-_n_ .....
: - @ el TYPE 874-VR
el VOLTMETER
TYPE 1203-8 Y l RECTIFIER
Gl
=~ Il N O TYPE 1210-C INE  PULSEN TYPE 2174
AMPLITUDE \ : SCILLATE s
"o ViR @ M ae OSCILLATOR PULSER
TYPE 12018
TYPE 1210-C e gy
UNIT R-C @ woe
OSCILLATOR

GENERAL SPECIFICATIONS

Output System: Shorl coaxial line with adjustable coupling
loop al one end, and a Tyre 874 Coaxial Connector on
the other. Maximum power can be delivered to load im-
pedances normally encountered in coaxial systems.

Mounting: Oscillator is mounted in an aluminum casting,

7z

and is shielded with a spun-aluminum cover. The assem-
bly is mounted on an L-shaped panel and chassis.
Accessories Supplied: T'vre 874-R22 Patch Cord, Tyre 874-
(58 Cable Connector, Type 874-PB58 Panel Connector,
Multipoint Connector, and Telephone Plug.
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OSCILLATORS

HF, VHF, AND UHF

UNIT OSCILLATORS

Oscillator Type No. TYPE 1211-B TYPE 1215-B TYPE 1208-B
Frequency Range 0.5-50 Mc in 2 ranges 50-250 Me 65-600 Me
Tuned Circuit LC Cireuit Semi-Butterfly with no | Sliding Contact

sliding contacts.

Frequency Control

i-inch Type 908 dial with
calibration over 180 de-

G-inch Tyre 908 dial with
calibration over 140 de-

4-inch Ty 907 dial with
calibralion over 270 de-

grees. Precision drive grees. Precision drive, grees. Precision drive.
with vernier scale. with vernier scale.
Frequency Calibration Accuracy | = 29, al no load = 19, at no load. = Q07
Warm-Up Frequency Drift 0.5% 0.49, 0,57,
Output | With 1201-B 300v Regu- | 1200 mw (0.5-5 Mc) 60 mw 100 mw
Power |  lated Power Supply 400 mw (5-50 Me)
I ud With 1203-B 1500 mw (0.5-5 Mc) 100 mw 200 mw
50-ohm Power Supply 500 mw (5-50 Me)
Load
Si 259, from 45 volts into | 809, at 40 volts into | 809, at 40 volts into
’;'ne— 8000 ohms; use Tyepe 15000 ohms; use Typre 8000 ohms; use Tyre
. s 1210 or Tyee 1214 1210 _or Tyre 1214, 1210 or Type 1214.
Amplitude yBTTR
Modulation ﬁ"am No No No
Pulse No No | No
Sieep Diioa With Typgs 908-P1 and P2 Synchronous Dial Drives Tyere 907-R and 808-R Dial
i | Drives, or Type 1750-A Sweep Drive— Pages 149 to 152.
Amplitude Control With Tyree 1263-A Power | With Tyre 1263-A Power | Not Recommended.

For Constant Output

Supply.

Supply.

Power Supply Required
[Unit Power Supplies (p. 143)
are recommended.

300-volts, de, at 50 ma;
6.3 volts ac or dc at
0,75 ampere.

350-volts d-c at 25 ma
and 6.3 volls a-c al 0.3
ampere,

320-volls d-c al 40 ma
and 6.3 volts a-¢ at 0.9
ampere.

Will operate from 400-Cyele Sup-
ply with Type 1201-B or 1203-B

Yes

Yes

No

Tube

4763 Miniature UHF
Beam Power Amp.

12AT7 Miniature Twin-
Triode.

2048 Lighthouse Triode.

Over-All Dimensions 7 %8 x 12" 7 %8 x 945" 614 x 614 x 814"
Net Weight 1114 Ibs. 7% Ibs. 514 Ibs.
Code Word ATLAS ADOPT AMEND
Price $275.00 $190.00 $210.00

*Outpud at least as great as this ean be obtwned sl any freguency within the range of the oscillator; over most of the frequency range of each oscillator,

maximum aulpiut i greater.

RELAY-RACK ADAPTOR PANELS

When the Tyee 1206-A Unit TF Amplifier is used as a power supply, outpul will be less than these values,

For Oscillator Only

For O.m'ﬂaw'} and Trgi: 480-P5UCI 480-P5UC1 480-P4UCT
1208-B ( yre  1201- . W 5 e . "
Power Su‘.;;ly ., : Height 8% Height 8%4 Height 7
Code Word UNIPANGOLF UNIPANGOLF UNIPANDOCK
Price | $15.00 $15.00 $12.00

PATENT NOTICE: See Notes 4 and 10, page x
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HF, VHF, AND UHF UNIT OSCILLATORS

Oscillator Type No. TYPE 1209-BL TYPE 1209-B TYPE 1218-A
Frequency Range 180-600 Me 250-920 Me 900-2000 Me
Tuned Circuit Butterfly, with no sliding | Butterfly, with no sliding | Line sections with sliding
contacts. contacts, contacts.

Frequency Control 4-inch T'ype 907 dial with | 4-inch Tyee 907 dial with |  6-inch T'yre 908 dial with
calibration over 270 de- calibration over 270 de- calibration over 200 de-
grees., Precision drive. grees. Precision drive. grees. Precision drive

with vernier scale.
Frequency Calibration Aceuracy | = 1% = 1%, = 1%
Warm-up Frequency Drift 0.2%, 0.2% 0.1%
Output |With 1201-B 3000 Regu- | 180 mw 120 mw 140 mw
Power | lated Power Supply
.—E: i With 1203-B 300 mw 200 mw 200 mw
50-0hm D
Load® Power Supply
Sine- 309, at 40 volls into 8000 | 309, al 40 volls into 8000
i‘, ohms; use Type 1210 ohms: use Tyee 1210 | Incidental fm is high.
' e or Type 1214. or Tyee 1214,
Empicacs Square- . 100 to 500 ¢ Use Type
Modulation Trive No No 1210,
: Use Type 1217-A & Tyrr
]
Pole | Yo No 1219-A,0r TypE 1391-A.
Fmen Dios With Tyees 908-P1 and P2 Synchronous Dial Drives Type 907-R and 908-R Dial
il Drives, or Type 1750-A Sweep Drive— Pages 149 to 152,
Amplitude Control With Tyee 1263-A Power | With Tyee 1263-A Power | With Tyre 1263-A Power
For Constant Output Supply. Supply. Supply.

Power Supply Required
Unit Power Supplies (p. 143)

320-volts d-¢ at 36 ma
and 6.3 volls a-c at 0.4

325-volts d-¢ at 40 ma
and 6.9 volts a-c at 0.4

$0-volts d-c at 30 ma
and 6.3 volts, 0.3 am-

are recommended. amp. ampere, pere a-c,
" ) .
e ] e Vo Ve
Tube Sylvania Type RT434| RT-434 Disc Seal Triode| 5675 UHF Medium-mu
Pencil Triode
Over-All Dimensions T x 614 x 94" 7T x 64 x 914" 1214 x 1034 x 9Lg"
Net Weight 614 lbs. 614 Ibs. 1434 Ibs.
Code Word ADMIT AMISS CARRY
Price $245.00 $245.00 $465.00
*Outpul at least as gresl as this ean be obtuned at any frequency within the range of the oscillutor: over most of the frequeney range of each oscillator,
maximum output is greater. When the Tyee 1216-A Unit 1F Amplifier is ased as 0 power supply, outpul will be less than these values

RELAY-RACK ADAPTOR PANELS

For Oseillator Only TYPE 480-P7U1 Height 1214"
For Oscillator and Tryre 480-P4UC2 480-P4UC2

1203-B (or Tree 1201-B) ! " N -

Power Supply Height 7 Height 7

Code Word UNIPANFORT UNIPANFORT UNIPANHUMP

Price $12.00 $12.00 $15.00

File Cou
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OSCILLATORS

USES: The Unit Klystron Oscillator generates
frequencies between 2700 and 7400 mega-
cycles. It can generate fixed frequencies or
swept frequencies and can be amplitude mod-
ulated with either square waves or pulses,
with very low incidental fm.

Because of its relatively high output, low
cost, small size and rugged construction, it is
equally useful in the laboratory, on the pro-
duction line, and in classroom demonstrations.
It is an excellent source for slotted-line meas-
urements of impedance and VSWR, measure-
ments of bandwidth, and attenuation meas-

TYPE 1220-A
UNIT KLYSTRON
OSCILLATOR

urements on cables, lines, and pads.

DESCRIPTION: This instrument includes an
adjustable, regulated source of repeller volt-
age, a Schmitt squaring circuit, a 1000-cycle
RC oscillator, and a socket for a reflex klystron
tube. Klystron cathode current is furnished
by an external Unit Power Supply.

Eight plug-in klystrons cover the frequency
range. The oscillator is listed with each single
klystron; additional klystrons can be ordered
as desired.

Klystron frequency can be adjusted readily
by a screw adjustment at the rear.

SPECIFICATIONS

Frequency Range: Depends on klystron tube used (see
table below); frequency range of any unit can be
changed to that of any other by inserting the appro-
priate klystron tube.
Amplitude Modulation:

Internal: 1-ke square wave, adjustable =15 cycles.

Ezternal: Square wave: 50 ¢ to 200 ke; sine or square-
wave mnﬁulating signal of at least 15 v rms required
—Tyer 1210-C R-C Oscillator recommended.

Pulse: 1 to 10,000 us duration, less than 0.2 us rise
and fall time, 50 ¢ to 200 ke repetition rate; al least
20v peak pulse voltage required —Type 1217-A Unit
Pulser recommended.

Frequency Modulation: at least 15 Mec excursion ob-
tainable with less than 8 db change in output;—at
60 e, an rms input of the order of 10v is suitable,

Output Connector: 50-ohm Tyre 874 Coaxial Connector.
Adaptors to other connector types available. (See
page 58).

Tube Complement: Klystron, as specified, for Types
1220-A1 through A-8; one 6AB4, one 5963, two 0A2.

Power Supply: Tyre 1201-B Unit Regulated Power Supply
is recommended for high stability and minimum incidental
fm (page 142); with tiis power supply the oscillator can
be operated from a 400-cycle source provided that the
line voltage is between 115 and 125 volts.
A ies R ded: Fixed attenuator pad for
isolating osecillator from load (page 44): Tyre 874-VQ
or-VR for facilitating tuning adjustments (palge 50).
Dimensions: Panel, (width) 914 x (height) 514; depth be-
hind panel, 514 inches. ‘

Net Weight: 6 pounds, with klystron.

Klystron Oseillator Nominal Output Tube Only
Type wnth kelystron, for in Milliwatts Code Word Price Type Code Word Price
1220-A1 |2700-2960 Mc ......... 100 KAWUN $264.65 726-C KLYSTRONAY | $ 49.65
1220-A2 |2950-3275Mc .........J 90 KATOO 282.90|| 6043 KLYSTROBEE 67.90
1220-A3 |3400-3960 Mc ......... | 20 KATRE 275.75 || 2K29 KLYSTROSEE 60.75
1220-A4 |3840-4460 Mc ......... | 75 KAFOR 322.15|| 2K56 KLYSTRODEE 107.15
1220-A5 |4240-4910Mc ......... 100 KAFIN 271.45]| 2K22 KLYSTRONEE 56.45
1220-A6 |5100-5900 Mc ... - 80 KASIX 311.45)] 6115 KLYSTRONEF 96.45
1220-A7 |5925-6450 Mc ... W 100 KASET 282.90|| QK404 KLYSTROGEE 67.90
1220-A8 | 6200-7425 Mc ......... 4 90 KALOC 282.90)| 5976 KLYSTROJAY 67.90
1220-A | Without Tube ..........| KANOT 215.00
1201-B | Unit Power Supply....... ASSET 85.00
480-P4U3| Relay Adaptor Panel (Holds both oscillatod unirANCART 10.85
and power supply)

All klystron tubes except the 6043 are designed for relatively infrequent tuning. The oscillator will also operate with the
Tyre 2K25 Klystron (8550-9660 Me), and Tyee 2K26 (6250-7060 Me).

PATENT NOTICE, See Note 4, page x.
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PULSE AND NOISE GENERATORS

= PULSE AND TIME-DELAY GENERATORS

The rapid expansion of the electronics industry in the
past fifteen years has been due as much to the rise of new
fields as to the expansion of the older field of communica-
tions. Radar, long-distance navigation systems, electronic
computation, and television are new areas in which high-
speed switching and time measurements are fundamental
tools. Starting with the development of the Tyre 868-A
Pulse Generator for the Radiation Laboratory at the
Massachusetts Institute of Technology in 1942, the
General Radio Company has been continuously engaged
in development work on pulse systems to provide science
and industry with the best in equipment for the produe-
tion of pulse waveforms for general laboratory applica-
tions.

Several quanlities are important to Lhe prospective
purchaser of a pulse generator. The particular application
will, of course, dictate which ones are of paramount
importance:

The rise and decay times of the pulse

(2) The range of time duration of the pulse

(3) The range of pulse repetition rates

(4) The peak pulse power

(5) The output impedance of the generator

(6) The maximum possible duty ratio (pulse duration
divided by pulse repetition period.)

(7) Stahility and accuracy of these quantities.

In an ideal pulse generator, the pulse would rise and
fall instantaneously, and the duration could range from
zero Lo infinity in time. There should, of course, be no
limil on repetition frequency, and thus an ideal duty-
ratio figure would be unity,

Practical pulse generators must necessarily fall short
of these ideal criteria. The transition times are generally
limited by the bandwidth of the switch, mechanical or
electronic, producing the pulse, and by the output coup-
ling system connecting it to the load. Maximum repeti-
tion frequency is limited by the recovery transients of the
pulse timing cirenits and/or the maximum permissible
duty ratio. The available pulse power is, in general, only
limited by economic considerations of power supply and
the outpul tubes, which must handle the average pulse
power,

Under these constraints then, it is hardly surprising
that no one pulse generator can adequately fill all possible
applications. It is the intention of the General Radio
Company to provide the industry with a line of pulse
sources to meet every practical laboratory application,

—
—

Unit Pulser

The Type 1217-A Unit Pulser, with a large adjustment
range of repetition frequency and pulse duration and a
self-contained oscillator, is an economical pulse source
for low-power applications and for systems of up to 5-Me
bandwidth. It is excellent for such diverse applications as
amplifier square-wave testing, studies of the transient
response of networks, and as a pulse-frequency source for
the driving of high-power pulse sources.

Pulse Amplifier

The Type 1219-A Pulse Amplifier can be driven by any
convenient source of pulses to produce an output pulse of

current ranging up to 0.6 ampere. Il provides adequate
energy to drive pulsed oscillators and will develop up to
30 volts in a 50-ohm load. Maximum duty ratio is 509,
which makes the unit useful for the production of high-
energy square waves. Rise and decay times as short as
0.03 microsecond ean be produced. Brief triggers at a low
impedance can be produced for testing the performance
and resolution of trigger circuits and delay lines in the
megacycle range.

Pulse, Sweep, Time-Delay Generator

The Tyre 1391-B Pulse, Sweep, and Time-Delay Gen-
erator is our most versatile pulse instrument. The rise and
decay times for the push-pull output are both .015 micro-
second, and the pulse duration ranges from .025 micro-
second to 1.1 seconds. There are no duty-ratio restrictions
even Lhough pulse current of .15 ampere is available to the
load. Switched inlernal loads of 50 to 600 ohms are
available.

An internal, wide-range, precision time-delay generator
of high resolution and 5tuhiﬁly produces a delayed trigger
wulse ranging from 1 microsecond to 1.1 seconds; co-
incidence cireuitry is included for easy recalibration and
complex synchronization. A wide variety of switching and
external connection possibilities make this generator ap-
plicable 1o almost any conceivable laboratory application
where pulses and time delays are desired.

Time-Delay Generator

The Tyre 1892-A Time-Delay Generator extends the
wide range delay concept first introduced in the 1391-A.
It comprises a 1 psec to 1 sec delay circuit of high ac-
curacy and stability, a 0-1 usec variable delay line, and a
second six decade circuit producing delays from 0.5 psec
to 0.5 sec. These three units can be switched to perform
many functions such as:

(1) Production of precise delays (0-1 psec¢) with .004
usee resolution and .010 gsec absolute accuracy.

(2) Double delay generator with the two 6-decade
delay cireuits either in series or in parallel.

(3) An extremely versatile gating and time selection
coincidence system in which the 0.5-psec to 5-sec eircuit
is used as a gate whose initiation time is controlled by the
(-1 see delay circuit.

In addition to 0.1 gsec, 20 voll, synchronizing pulses for
?ll circuits, the delay intervals are marked by gate wave-
orms,

» RANDOM NOISE GENERATOR

The use of “white’ noise as a tool in the measurement
and test of electronic systems is another important
modern development. The concept of wide-band testing,
as contrasted to point-by-point measurements, saves
valuable engineering time and often leads Lo more signifi-
cant results. The Type 1890-A Random Noise Gen-
erator, described on page 125, is a well-designed source
for these tests al frequencies between 20 ¢ and 5 Me.
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TYPE 1391-B PULSE, SWEEP, AND TIME-DELAY GENERATOR

USES: The Type 1391-B Pulse, Sweep and
Time-Delay Generator is a versatile labora-
tory instrument designed to generale

(1) push-pull pulses, of durations from 0.025
usec to 1.1 sec and repelition rates up to
250 ke;

(2) linear sweep voltages of durations from
3 usec to 0.12 sec;

(3) time delays from 1 psec to 1.1 sec: and

(4) direct and delayed trigger pulses, which
can be used independently or to delay the
initiation time of the sweep and main pulse
relative to the input driving signal. Transi-
tion times of the output pulses (0.015 usec
rise time) are compatible with most present-
day oscilloscopes. The internal sweep circuit
makes possible the use of an inexpensive os-
cilloscope by direct connection to the deflec-
tion plates.

Among its many applicalions are measure-
ment and testing in the fields of::

Echo ranging Computers

Radio navigation Telemelering

Television Physiological research
DESCRIPTION: The system block diagram out-
lines the over-all operation of the generator,
which includes the following basic circuils:

Input Circuits are driven by an external
signal (which may have any wave shape, sine
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wave, square wave, pulse, etc.), from which
they produce the direct synchronizing signal,
which is available at panel terminals. These
signals occur at either a positive-or a negalive-
going zero crossing of the input signal, as
determined by a switch setting.

Delay Cireuits produce delayed trigger and
synchronizing signals, with delay adjustable
from 1 psec to 1.1 seconds. A coincidence
circuit is provided, by means of which, op-
tionally, multiple delayed trigger and syn-
chronizing signals are produced from pulses
introduced at the coincidence drive terminals.

Sweep Circuits can be started by either
direct or delayed trigger to produce

(1) a positive and a negative voltage rising
linearly to 135 volts in a time adjustable in
steps from 3 usec to 0.12 sec.

(2) Positive and negative gate signals wilh
the same duration as the sweep.

Pulse Timing Circuits determine the forma-
lion times of the triggers that start and stop
the output pulse. Their delay and duration
relative to the sweep are adjustable. By
means of swilching, the oulput pulse is
started and stopped by

(1) Internally generated signals, which are
also available at panel terminals for syn-
chronizing external systems,
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PULSE GENERATORS

(2) Externally generated driving pulses, or

(3) Internally generated signals added to
externally applied pulses to produce multiple
pulses at different durations.

Pulse Source Circuits comprise a bistable
system which responds to the start and stop
triggers to produce push-pull output pulses
of adjustable amplitude and with adjustable
output impedance.

FEATURES:

» Extremely wide ranges of pulse duration
and delay.

» No duty-ratio restrictions.

» Low jitter— high accuracy.

» Variable output impedance, 0-600 ohms.
» Pulse-forming and delay circuits stable
against hum and line transients.

» Coincidence circuitry makes possible mul-
tiple pulsing and time selection.
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Block diagram of Tyre 1391-B Pulse Sweep, and
Time-Delay Generator,

» Push-pull pulse, sweep, and sweep-gate
circuits,

SPECIFICATIONS

Input Synchronizing Signal: Signals of almost any shape will
trigger the input timing circuits.
Typical input signal minimum amplitudes are:

(1) Sine wave 0.1 volt, rms.

(2) Square waves 0.3 voll, peak-lo-peak.

(3) Brief positive pulse 1.0 volt, peak-to-peak.

(4) Brief negative pulse 1.0 voll, peak-to-peak.

Swileh for a-¢ or d-¢ inpul and triggering threshold

controls are provided.

Direct Synchronizing Pulse

Polarity-positive amplitude: 75 volts.

Duration: (14 amplitude) 1 usec.

Output Impedance: 600 ohms.

Rog)ciilinn Rate: Amplitude constant Lo 800ke; down
Honolko: oDty Chreult

Range: 1.0 gsee Lo 1.1 see in six ranges.

Delay Dial Calibration: 1.00 to 11,00 in 1000 divisions.
Delay Dial Resolution: 1 part in 8800,

Accuraey : Absolule, =29, of full scale, or =3%, of scale
reading + 0.05 gsee, whichever is larger; ineremental delay,
= (19 + .05 psec).

Maximum PRE: 400 ke.

Duty Ratio Effects: Less than 29, error in delay for
duly ratios up to 60%, at the low end of each range, and
up to 909 at the high end of each range.

Delayed Synchronizing Pulse Characteristies: Positive,
G0 v, 1.0-psec half-amplitude duration, 600-ohm ecathode-
follower output,

Stability:

Low End of Dial

High End of Dial

Time Jitler

109, Line Change

Sudden 109 Line
Transient

1:10,000
2:1000

$:1000

Coincidence Circuits
Gate Duration: 3 to 1000 gsee,
Gale Accuracy : = 15%, or = 1 psee, whichever is larger.
Coinecidence driving cireuit will accept either positive

1:50,000
2:10,000

3:10,000

or negalive input pulses. Source impedance should be
low, have rise Lime less than 0.2 psec. Amplitudes between
5 and 20 volls are acceptable for negalive pulses, and
between 10 and 100 for positive pulses.

@ File Courtesy of GRWiki.org

Sweep Circuit
Sweep Duration: 8, 6, 12 usec with 5-decade multiplier.
Sweep Linearity: Determined by the accuracy of pulse
timing. On longer ranges, where time delay effects are
absent, the linearity is better than 19,
Sweep Amplitude: Push-pull,each phase, 135 volts, nominal.
Cathode-Follower outpul, 1-uf blocking capacitors,
Sweep Gate Amplitude: Push-pull, each phase 40 volts
nominal.
Positive sweep gate is cathode-follower oulput cireuit
with a 1-uf coupling capacitor. Negative gate is amplifier
output with 1-uf blocking eapacitor.
Duty Ratio and Repetition Rate Effects: Maximum
repetition rate, S-usec sweep, 250 ke.

Range Mazximum Frequency for 5%, Error in Sweep Slope
Sweep Time | 3 psec 0 psec 12 usec

21 150 ke 100 ke 60 ke

x 10 16 ke 12 ke 7 ke

® 10? 1.6 ke 1.2 ke 700 ¢

X 107 160 ¢ 120 ¢ T0e

X 1t 16 ¢ 12 ¢ Te

Pulse Generating Circuit
Pulse Duration: (Timed by sweep) 0.025 to 2.5, 0.05 to 5.0
and 0.05 to 10.0 between half amplitude points, with
decade multipliers to a maximum of 100,000 gsec. Pulse

S-psec  pulse (10
psee/cm)

0.5 psec pulse (0.1
psec/em)

Minimum pulse (0.1
usee/em)

Typical pulse waveforms; generator applied directly
to scope deflection plates,
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@

can be extended to 1.1 seconds if pulse is timed by delay
circuit,

Pulse Duration Accuracy: After sweep calibration, =19,
of dial reading or =0.029, psec whichever is the larger.
Pulse Position Accuracy: 0.5 psec =19, of dial reading.
Pulse Rige Time: Where the load R, Cy is negligible with
respect to 15 x 107" see, the rise time will be faster than
15 musec. Higher load impedances or higher shunt Cg will
result in increased rise time,

Typical rise times (in millimicroseconds) are as follows:
Load I'mpedance Positive Pulse Negative Pulse

Rise | Decay | Rise | Decay

50 Q terminated 15 12 13 15
600 Q with 8 uuf | 40 40 | 38 38
oscilloscope probe

overshoots
approx 3%,

Pulse Shape: Overshoots and other defects are less than

3% of pulse amplitude when the pulse generator is cor-

rectly terminated. Pulse ramp-off does not exist, owing to

direct coupling of outpul circuits.

Pulse Duty Ratio: Push-pull cireuit with unity duty ratio

possible.

Output Impedance: 50, 72, 94, 150, 600 ohms, all =109,

Output Pulse Amplitude: 150-ma current source; voltage

from each phase of push-pull channel, 0.15 Z, =209,
Typical nominal amphtudes, 50 ohms, 7.5 vi 72 ohms,

10 v; 94 ohms, 14 v; 150 ohms, 22 v; 600 ohms, 90 v.

D-C Component Insertion: Binding posts provided for this

purpose. DC can be moved =25 volts for all output im-
pedances except 600 ohms.

Accessories Supplied: Interconnecting cables. Type CAP-35
Power Cord, 2 Tyre 874-C58 Cable Connectors, spare
fuses.

Other Accessories Available: T'yre 1219-A Unit Pulse Ampli-
fier for higher power output,

Accessories Required: T'rigger source; practically any labora-
lory oscillator of the appropriate frequency range is
adequate; the Tyee 1210-C Unit R-C Oscillator is rec-
commended.

Tube Complement: Generator:

1-5963 4-6AV5GA 1-6AUS
1-6BQ7A 2-12BH7

3-6U8 5-5965 Power Supply
86485 /6AHGWA 2-5687 1-0C8
3-6ANS 1-0A2 1-6AKS5
6-12AX7 2-6550 1-6AS7

Power Supply Input: 105 to 125 (or 210 to 250) volts, 50 Lo
60 cycles, 385 walls.

Power input receptacle will accept either 2-wire (Tyre
CAP-35) or 3-wire (Type CAP-15) power cord. Two-wire
cord is supplied. For 8-wire, see page 237.

Dimensions: Generator. 19 (width) x 14 (height) x 1214
inches (depth) over-all; Power Supply, 19 (width) x 834
(height) x 12% (depth) over-all. Power supply is not
shown in photo.

Net Weight: Generator, 30 pounds: power supply 62 pounds.

Type | | Code Word | Price
1391-BM | Cabinet Model (incl. Power Supply) ......ccovvviiniinnnns EDIFY $1975.00
1391-BR Relay-Rack Model (incl. Power Supply) ............. EBONY 1975.00

PATENT NOTICE. Sev Note 4, page x

TYPE 1392-A TIME-DELAY GENERATOR

USES: This generator of accurate time inter-
vals has many important applications in meas-
urement, test, and calibration of electronic
equipment and systems.

In communications, its two delayed outpuls
(which ean be independent) are advantageous
in the testing of time-sharing systems, such as
telemetry and pulse communication equipment.

In radio ranging and navigation, its high
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accuracy and extended ranges make it useful
for tests and range calibration on radar, sonar,
and loran.

In the design and test of computing systems
the ability to set short time delays, the brief
(0.1 usee) synchronizing pulses, and high
repetition rates for short delays make it
particularly useful,

For geophysical and physiological research
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PULSE GENERATORS

the long delays make it a very desirable in-
strument. It can be used for the measurement
of short time intervals and other quantities
that can be translated into time variables.

DESCRIPTION: An external signal voltage of
almost any wave-shape will sel the PRF. A
direct synchronizing pulse of 0.1-gsec dura-
tion is generated at this frequency and be-
comes the time reference for the instrument,
Two delay circuits provide delays relative to
this reference sync pulse of from 0 to 1.1
seconds and from 0.5 psee to 0.5 second, re-
spectively. Each delay circuit generates a brief
(0.1 psec) synchronizing pulse at a time deter-
mined by its control settings. Delay No. 1 is
always initiated by the direct synchronizing
pulse. Delay No. 2 can be initiated by either
the direct synchronizing pulse or the Delay
No. 1 synchronizing pulses. Thus, the two
delays can be operated “‘in series”, (adding
in delay times) or “in parallel”, producing two
independent delays.

Delay No. 1 uses a passive variable delay
line with a precisely calibrated dial to produce
a delay variable from 0 to 1 psec in 10-mpusec
divisions. This delay line serves either as a

first (0-1 psec) range for Delay No. 1 or as a
vernier on the l-usec to 1.1-sec electronically
produced delay. Other features of Delay No. 1
in addition to its range are: high accuracy,
resolution, linearity and stability against
noise, aging, and power line effects.

Delay No. 2, in addition to ils use as an
independent delay circuit, provides the feature
of time selection. When used to operate the
built-in coincidence cirenitry, pulses from a
timing comb coherent with the PRF drive can
be selected to provide precise delays inde-
pendent of internal error or drift within the
1392-A. The 0.5-gsec minimum delay of Delay
No. 2 permits the selection of a single 1-usec
pulse from a 1-Me train so that 1-psec steps of
delay are provided. In addition, the coinei-
dence feature provides for the production of
bursts of pulses.

FEATURES:

» High accuracy, high resolution, high stabil-
ity.

» Linear scales at all delays.

» Two delay outputs.

» Wide range.

SPECIFICATIONS

INPUT SYSTEM
Voltage:
Sine Wave, 0.1 volls rms.
Square Wave, 0.3 voll, peak-to-peak.
Pulse (negative or positive), 1 volt peak ac or de,
input trigger threshold control provided.
Frequency: de Lo over 300 ke.
Time Delay (Input to direct sync): 0.12 = 0,02 usec,
Direct Sync Pulse:
Amplitude, 15 volts or more, positive or negative.
Duration, 0,18 =002 usec.
Impedance, 93 ohms or less.
DELAY NO. 1
Delay Range: [-1.1 sec in seven ranges,
Accuracy: | psec-1.1 sec range, =17, of dial reading:
0-1 psee range, =0.01 psec.
Stability: Jitter, 1:30,000 at worst,
Drift, 1:10,000 with 2097, line variations.
Resolution: (-1 gsec 0,004 ysec,
1 u see-1 sec 1:8800.
Duty Ratio Effects: Less Lhan dial accuracy to 607,
59, at duty ratio of 80%,.
DELAY NO. 1 SYNC
Duration: .1 == .02 psec.
Amplitude: 25 volls or more positive or negalive,
Impedance: 93 ohm output impedance
Monitor Lamp NE-2.
Max PRF: (-1 usee range, 300 ke;
1 usec-1.1 sec range, 250 ke (al 1 psee).

DELAY NO. 2, OR COINCIDENCE CIRCUIT

Range: (.5 psec-0.5 see (six decade ranges).

Accuracy: =39, of dial reading.

Stability: Jitler, 1:20,000.

Line Drift, 1:5,000 for 20, line change.

Resolution: 1:2,000.

Delay No. 2 Sync:

0,18 psec == 0.02 usec.

20 volls or more, positive or negative.
93 ohms.

Monitor Lamp.

Duty Ratio Effects: Full scale, less than dial aceuracy al
607, duty ratio; bottom of scale, less than dial accuracy
al 209, duty ratio. Max. PRF 800 ke,

Coincidence:

Inpul, positive or negative pulse, 5 volls or over.
Input frequency, 1 eps to 1.7 Me (for single pulse
selection).
Input pulse rise time, 0.1 gsec or less at 5 v.
Power Supply: 105 10 123 (or 210 to 250) volts, 50-60 cycles,
180 watts at 115 volts. Power receptacle will aceept either
Lwire (Tyre CAP-35) or 3-wire (Tyre CAP-15) Power
Cord. Two-wire cord supplied.
Dimensions: Panel, 19 % 8% inches; depth behind panel,
13 inches,
Accessories Supplied: Tvre CAP-35 Power Cord; spare
fuses; test lead: 4 Tyre 874-C58 Cable Connectors,
Net Weight: 335 pounds.

Type | | Code Word | Price
1392-AM | Time-Delay Generator (Bench Model) .............ccouee ENTRY | $985.00
1392-AR Time-Delay Generator (Relay-Rack Model) ............ EXTOL 985.00

PATENT NOTICE, Ses Note 4. page s,
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GENERATORS

USES: The Unit Pulser is a compact, versalile
and inexpensive source ol pulse waveforms
for the laboratory. The pulser is useful in
Iransienl studies on passive networks, square-
wave lesting of amplifier systems, and as a
source of pulse-modulation voltage for R-F
signal generalors and oscillators.

An internal oscillator makes the unil inde-
pendent of external synchronizing signals for
mosl applications. The Unit Pulser can also
be used as a simple time-delay generator over
its range of available pulse durations. One
pulser may be used Lo delay the trigger pulse
for a second unil.

DESCRIPTION: Four basie circuits, a blocking
oscillator, a monostable multivibrator, a lim-
iter, and a eathode-follower, phase-splitter
output stage, are employed in the Unit Pulser.

TYPE 1217-A
UNIT PULSER

The blocking oscillator provides the internal
repetition frequencies, and its vollage is used
to speed up the leading edge of the pulse. The
multivibrator produces the adjustable-dura-
tion pulse. The limiter is used to remove im-
perfections in the pulse and to prevenl am-
plitude variations with repetition rale and
duration. The cathode-follower phase-splitter
oulput system, provides eilher posilive or
negative outpul pulses.

FEATURES:

» Wide range of pulse durations and repeli-
tion rates.

» [Fast rise time — 0.05 psec.

» Repelilion rale can be set by exlernal
source, if desired.

» Pulse duration setlings stable and accurate.
» Internal time delay of 1/10 psec permils
leading edge of pulse to be visible on “scope.

SPECIFICATIONS

Pulse Repetition Rates: 30 ¢, 60 ¢, both synchronized io
power lines 100 ¢ to 100 ke in 1-2-5 steps, =139, or
20 ¢ whichever is greater: 15 ¢ to 100 ke conlinuous
with external source,

Pulse Duration: Conlinuous coverage in four ranges 0.2
Lo 60,000 gsee. Accuracy =159 or 0.2 usee, whichever
is greater,

Pulse Shape: Rise lime 0.05 psec, decay btime 015 psee
with output terminals shunted by 15 guf and 1 M. Over-
shoot may be set Lo be less than 39, of one-half the
maximum amplitude: top of pulse is Hal to within 5%
of maximum amplitude.

Minimum External Drive Voltage: 25 volls or less, rms,
for continuous locking up to 100 ke a 10-volt pulse
will loek continuously from 0 to 25 ke, Tyee 1210-C
Unit R-C Oscillator is recommended.

Output Impedance: 2000 olims for positive pulses, 1500
ohms for negative pulses,

Open Circuit Output Veltages: 20 volls for pulses of either

polarity: negative pulse of 30 volts when  positive
output terminal is grounded.

Stability: No time jitter is visible where a full period is
displayed on an oscilloscope.

Tube Complement: GAKS. G6ANSG. 6ALS. 6485 and two
1RATT.

Accessories  Supplied: (e
200 £ attenuator.

Power Supply: 300 volts, de. 55 ma: 6.8 volts, ac, 60 eyeles,
2 4. Tyee 1203-B Unit Power Supply is recommended,
AC filament supply is necessary to synchronize the
30- und  60-cycle pulse repetition  frequencies.  The
prlser can be used on other supply frequencies up 1o
00 eyeles, but the 80- and G0-eyele PRE positions will
nol be synchronous. A d0-cyele model, Tyer 1217-AS1,
is hsted below.

Dimensions: Panel, (width) 915 < (height) 34 5 depth be-
hind panel, 314 inches.

Net Weight: 514 ponnds.

mullipoint  connector,  10:1

 Type i . - | Code Word Price
1217-A UnitPUlker. oo dissivissmaiiisi s ssisvsinssrsis]  AMABS $235.00
1203-8 Unit Power Supply.....ciiic siiiiinsians savasisssisinnasesa]| ALIVE 40.00
1217-AS1 Unit Pulser (50 ey eles) covvvevneieinmieeeiiaraienionnsasnenes | AMASSPASHA 250.00
480-P4U3 | Relay Rack Adaptor Panel (7 in. high) ..........o.oeovnn | UNIPANCART 10.85
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TYPE 1219-A

Used with any pulse source, this amplifier
produces pulses with many different charac-
teristics of duration, duty ratio, and imped-
ance level at higher power levels. The am-
plifier may be driven by either positive or
negative input pulses and produces outpul
pulses of either polarity. The combination of
Unit Pulser and Unit Pulse Amplifier con-
stitutes a high power output pulse generator
of very moderate cost and small size. The Pulse
Amplifier is equally useful with Tyre 1391-B
Pulse, Sweep, and Time-Delay Generator.

SPECIFICATIONS

Output Pulse: Open cireuil voltage is between 10 and
250) volts, and is the product of impedance and available
current listed below:
(1) ITmpedance:
a, Positive Pulse: 50, 75, 100, 150 ohms all =109
b, Negative Pulse: 50, 75, 100, 150, 200, 250, 300
ohms, all =109: 570 ohms =209%, designed to permil
maximum oulpul voltage.
(2) Output Current in milliamperes:

Duty Positive Pulse Negative Pulse

Ratio| DR Sw (.2 | DR Sw (.5 | DR Sw 0.2 | DR Sw 0.5
0.05 | 620 = 109, | 850 = 159, | 575 = 109, | 380 = 159,
0.2 [560 = 109, | 300 = 159, [475 = 109, | 275 = 157,
0.5 | 250 = 157, 925 = 157,

(3) Rise and Decay Times: See Lable below.

(4) Pulse Shape: Less than 59 overshoot.

() Noise: Hum less than 197 of amplitude.

(6) Maximum duration to 10%, droop: The droop is
approximately linear with increasing pulse duration.

PULSE AMPLIFIER

Positive Negative
Input Quiput Outpul
Nc*g;lli\'o 30 v 2000 y sec. A000 u see.
Negalive 55 b 10,000 4000
Positive 10 v 10,000 6000

(7) Maximum Repetition Rate: No
limit: see duty-ratio restrictions

Input Impedance: Positive input. 50 kilohms shunted by
30 ppl: negative input, 5 kilohms and 30 guf.

Note; Under some conditions, particularly for a brief
outpul pulse, with positive driving pulses, and where
best output pulse shape and minimum jitter of pulse
trailing edge are desired, the input driving pulse must
be floated relative to the amplifier chassis ground.

Tube Complement: One 6J6, one 12AU7, two 5763,

Accessories Supplied: One Type 874-C58 Cable Connector;
spare fuses.

Power Supply: 105 Lo 125 or 210 Lo 250 volts, 50 1o 60
eveles. 756 watts, Operation on supply frequencies up lo
400 eycles is possible, with reductions in pulse oulput
current up to 109,

Dimensions: Panel, (width) 9Y5 x (height) 54 : depth be-
hind panel. 514 inches. Net Weight: 814 pounds.

high-frequency

Input Pulse Output Characteristic
. Riseand Duty Ratio Sw 0.2 Duty Ratio Sw 0.5 Oulput Swilch
Polarity Amplitude Decay Time | Hise Time | Decay Time | Rise Time | Decay Time Setting
Negalive 30w 2 my see. S0musec. | S0 musee. | 40 musec. | 20 mp see. Negative, 50 (1
(Minimum necessary drive) ;
| a0 50 | 60 a0 Negative, 50 Q
Negative v A0 my sec. 100 100 30 90 Negalive, 570 Q2
l | 80 80 60 70 Positive, 50 9
’ [l 90 | 40 S0 Negative, 50 Q
R P 1217-A 100 120 90 110 Negative, 570 Q
Ne Ve 50y . i 4
Negalive 5l v Piilser ’ 90 120 | 70 100 Positive, 50
180 160 120 150 Positive, 150
o ) 5 B0 240 il 160 Negative, 50 §1
Yosilive 2.5 217-/ Bative
Positive \ },ulliﬂ\ {110 240 810 160 Negative, 570 @
st e e A 1 90 180 20 120 Pasitive, 50 Q2
\Minzmin epespary dirivel I 180 240) 130 160 Positive, 150 0
dositiv e Ao a0 80 40 60 Negative, 50 @
Positive 4 Il;flll':t‘;'\ ‘ 90 110 100 100 Negative, 570 @
: - 00 110 (] 8 Positive, 50 @
(Pulsestretching 0,34 see.) ‘ 180 150 110 100 Positive, 150 2
Type | = |  Code Word | Price
1219-A Unit Polse Amplifiers. i i i cincasissaiyiaies ACRID $200.00
480-P4U2 | Relay Rack Adaptor Panel (7 inches high) ............... | vnipANBOLT 10.00
PATENT NOTICE, See Nole b, page s,
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DELAY LINE

@

TYPE

USES: This variable delay line finds general
application as a wide-band phase-shifting de-
vice, particularly when it is desired lo delay
a wide-band signal without introducing phase
distortion. Thus, it is used as a component in
pulse and in video-frequency systems such as

314-S86 VARIABLE DELAY LINE

computers, radar and beacon systems, and
television circuils.

DESCRIPTION: In this delay line, good tran-
sient response is obtained by a skewed-lurn
method of delay equalization®, in which the
plane of each turn of the winding is al an
acute angle to the axis of the coil. By careful
control of the manufacturing process, the
“baseline ripple”, caused by varialion in
characteristic impedance along the line, has
been reduced to 59, or less of the signal am-
plitude. End reflections have been minimized
by the use of tapered capacitance elements al
the ends of the winding. Materials are chosen
for reliable operation under wide variations
of temperature and humidity.

FEATURES:

» Delay is constanlt with frequency over a
wide range.

» No ringing or overshoot.

# Characteristic impedance is uniform along
the line.

I Lewis ol 16 M Fraser A New and Better Narmbile Deloy Lim

General Kadio FErpeesmenter, 21 7. Ovtalwr, 105G

SPECIFICATIONS

Characteristic Impedance: 200 ohms =159 al frequencies
up to 4.5 Me.

DC Resistance: Nol over 20 ohims

Delay vs. Frequency (with respect to delay at 1 Me): =17, al 10
Me: =205 at 15 Me; =47 at 20 Me measured al maxi-
mum delay. See accompanying plot

Amplitude Response vs. Frequency: Loss 997 (0.8 (b at de:

T_U,ln'
314-586

RESPONSE OF O
1Al

AY L
AT MAKIM UM OELar

Time delay and amplitude versus frequency with

resistive termination as measured at full delay on

0.5-psee, 200-0hm variable delay line with skewed
winding.

124

3097 (3 db) ot 6 Me; 60 (8 db) at 10 Me: 909 (10 db al
25 Me) at maximum delay. See also accompanying plol
Pulse and Step Response: Sce accompanving oscillograms
Dimensions: Diameter, 3%, inches: depth behind panel, 145
inches: shaft dinmeter, 34 inch: knob is Turnished

Net Weight: (i ounces.

I (Code Word Price
e $60.00

DELAY

Oscillogram showing pulse shape and amplitude as
delay setting is varied. Tektronix 541 Oscilloscope,
3K /54K Pre-Amplifiers: sweep, 0. 1-usec/em.

Step response of 0.5-psee, 200-ohm variable delay

line with skewed winding: (left) step input, (right)

step output at L5-psee delay. Scope photos taken
on Tektronix 541, 0. 1-ysec/cm sweep,
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 GENERATORS

TYPE 1390-A

RANDOM-NOISE GENERATOR

ouTPUT VOLIS 3

POWER

USES: This instrument generates wide-band
noise of uniform spectrum level, suitable for
many lypes of electrical and mechanical test-
ing.

In vibration testing, it is used, with
suitable amplification, to drive shake tables
for mechanical tests, and to drive loud
speakers for tests under high-intensity sound
fields.

In acousties, it is used for tests on micro-
phones and loud speakers, and for psycho-
acoustic tests and room acoustic measurements.

In the electrical laboratory, it is used
in measuring the characteristics of filters,
in crosstalk measurements, and as a modulat-
ing source for radio-frequency standard-signal
generalors.

DESCRIPTION: A gas-discharge tube is used as
a noise source in this generator. A magnelic
field is applied to the tube to eliminate the
oscillations usually associated with a gas dis-
charge. The noise outpul is amplified in a

SPECIFIC

Frequency Range: (1) Range switch at 20 ke: uniform
spectrum level from 30 ¢ to 20 ke within = 1 db.

(b) Range switch at 500 ke: uniform
spectrum level from 30 ¢ to 500 ke within = 3 db.

(e) Range switech at 5 Me: uniform
spectrum level from 30 ¢ to 500 ke within = 3 db and
from 500 ke to 5 Me within = 8 db.

Noise energy is present bevond these limits.
Output Voltage: Maximum open-circuil output voltage
on any one of Lthree bands is at least 1 voll rms. Avera
spectrum level for one-cycle band with 1 volt output is:
20-ke band, 6 millivolts: 500-ke band, 1 millivelt, 5-Me
band, 0.5 millivelt.

OUTPUT

Low HIGH
Vo
N

y 4

two-stage amplifier. Between the two stages
of the amplifier, filters controlled by the range
switch on the front panel of the instrument
shape the noise spectrum three different ways.
The 20-ke setting puts in a low-pass filter that
has a gradual roll-off above 30 ke, with the
audio range to 20 ke uniform in spectrum level.
The 500-ke setting puts in a low-pass filter
that rolls off above 500 ke. The 5-Me setting
puls in a peaking network that compensates
for the drop in noise output from the gas tube
al high frequencies, so that a reasonably good
spectrum is obtained to 5 Me.

FEATURES:

» Wide range of frequencies covered.

» High over-all output level.

# Output meter provided.

#» Uniform spectrum level over the audio range.
» Wide range of output levels available using
the Type 1390-P1 Voltage Divider as an out-
put control (see next page).

ATIONS

Output Impedance: Source impedance for maximum
output is 900 ohms. The output is taken from a 2000-
ohm potentiometer. One output terminal is grounded.
Waveform: A very good normal, or Gaussian, distribu-
tion of amplitudes for limited ranges of the frequency
spectrum is provided by the gas-tube noise source. The
amplitude limitations of a vacuum-tube amplifier
modify this distribution slightly for the 20-ke range.
Clipping occurs on the 500-ke and 5-Me ranges.

Voltmeter: A reclifier-type, average meter is used for
measuring the output voltage. It is calibrated to read
the r-m-s value of the noise at the output terminals.
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GENERATORS
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Elementary schematic circuit diagram of the Tyee 1390-A Random-Noise Generator.

Controls: Frequency range switch, power switch, output
potentiometer, and a 10:1 level attenuator.
Terminals: Jack-top binding posts with standard 34-inch
spacing, The lower terminal is grounded to the panel.
Accessories Supplied: Tyre CAP-35 Power Cord and
spare fuses,
A ies R ded: Tyre 1390-P1 Voltage Divider
(see below).
Mounting: Melal cabinet.
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60
cycles. Total power consumption is 50 watts.

Instrument will operate satisfactorily on power-sup-
ply frequencies up to 400 eycles.

Power input receptacle will accept either 2-wire
(Type CAP-85) or 3-wire (Type CAP-15) power cord.
Two-wire cord is supplied, For 3-wire, see page 237,

Tupe |

Tube Complement: One 6D4, one 3-4 amperite, two
GAQS's.

Dimensions: (Width) 12 x (height) 714 x (depth) 94
inches, over-all.

Net Weight: 15 pounds.

+5 1 T
3 ol S—— RANGE |
- N |
[ \
-5 ' —
20ke "S00ke
-0 RANGE RANGE
Oc¢ 100 Iee Oke 100k IMe oM

FREQUENCY

Typical Spectrum Level Characteristies for Tyee
1390-A Random-Noise Generator.

| Code Word | Price

1390-A

| Random-Noise Generator............cceeeueeneeneernenees |

BUGLE | $240.00

TYPE 1390-P1 VOLTAGE DIVIDER

The Tyre 1390-P1 Voltage Divider extends
the readable range of the output voltmeter-
potentiometer combination of the Type 1390-
A Random Noise Generator down to 20
microvolts. The voltage divider consists of a
ladder-type resistive network, mounted in a
metal container, which is connected to the
generator 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 al frequencies up Lo 5 mega-
cycles.

SPECIFICATIONS

Accuracy: =39, al low-frequencies.
Impedance: [nput 2000 ohms, output 200 ohms,

Type |

Dimensions: (Height) 4% x (diameter) 4'4 inches.

Net Weight: 114 pounds.

| Code Word | Price

1390-P1 | Voltage Divider «..:..c.cecesivinssisonseassossasisivinsaasss |
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OTTER | $55.00
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METERS

pyeseribed in this section  are  general-pur-
pose melers of several types, including (1)
a vacuum-tube voltmeter for the measurement of
allernating voltage over wide ranges of frequency
and direct voltage of either polarity in applications where
negligible current can be taken from the source; (2)
oxtde-rectifier meters for measuring input voltage and
output power, principally at audio frequencies: (3)
u megohmmeter for the measurement of high resistances
up to 2 million megohms; and (4) an electrometer Lo
measure millivolls, micromicroamperes and  megameg-
ohms. All of these represent pioneer work of the General
Radio Company.

= VOLTMETERS

The first instrument combining a diode peak rectifier
with a degeneratively stabilized de amplifier to indicate
the rectified voltage was introduced in 1987. Advantages
of this arrangement are wide [requency range, high
inherent stability, a convenienl circuil for obtaining a
multi-range  meter, and a calibration  substantially
independent of tube characteristics. Voltmeters of this
Lype are now used in every conceivable type of application.
This circuit is the basis of the highly precise Tyre 1800-B
Vacuum-Tube Voltmeter, which covers frequencies from
10 eyeles per second to 600 megacycles per second, a span
of 6 x 107, For higher frequencies, a coaxial, rectifier-type
instrument is available, the Typre 874-VR, -VI. Very low
voltages (down to 0.5 pv) at audio frequencies ean be
measured by comparison with the Tyrg 546-C Microvoller,

In the General Radio Standardizing Laboratory,

Meter scale of the Tyer 1800-B Vacuum-Tube

each voltmeter is calibrated by means of a highly
precise polentiometer against a standard cell certified
by the National Burean of Standards, Precise ac calibra-
tion voltages are oblained by comparison with the de
standard cell. Meters are individually aged and are
checked for accuracy and drift over a sufficiently long
period of time to assure that they will remain well within
specified accuracy,

= MEGOHMMETER

The first megohmmeter was introduced in 1936 and
applied the degenerative vacuum-tube de voltmeter to the
conventional ohmmeter circuit. The degenerative circuit
not only gives stability and linearity, but permits a large
vollage swing to take place in the grid circuit of the tube
and greatly increases the effective input resistance
resulting from grid current. The Tyre 1862-B Megohm-
meter, using this circuit, measures insulation resistance
with test potentials of either 500 volts or 50 volts applied
to the sample.

= POWER METERS

General Radio Company also pioneered in the applica-
tion of oxide-rectifier meters. The first constant-resistance
oulput-power meter of this kind was introduced in 1929
and was followed by the Tyre 583-A Outpul Power Meter
which combines the oxide-rectifier meter with a resistive
load and a tapped transformer, providing a sensitive
audio-frequency power meter for load resistances varying
over a range of 8000 Lo 1.

A larger model, the Tyre 783-A, measures power up to
100 watls.

> ELECTROMETER

The Tyre 1230-A D-C Amplifier and Electrometer is
basically a millivoltmeter with an extremely high input
resistance. It can also be used conveniently for the
measurement of very low currents (5 x 10-'* ampere);
high resistances (5 x 10" ohms); and as a d-¢ amplifier for
very low vollages. A recorder can be operaled from the

Voltmeter. output,
Nominal See
Type Name Quantity Measured Range Aceuracy | Power Supply | Page
1800-B Vacoum-Tube Voltmetler Volts, A-C or D-C 0L 1-150v* = 207, A-C Line 128
1230-A Electrometer Volis 0.5 mv— 10y -4, A-C Line 130
Current 5 x 10-19-10-%a 39%-10%,
Resistance 3 x 10°-5 x 10"Q | 8%,-8%,
874-VR Crystal Voltmeter A-C Volts 0.1-2v =39 A-C Line for al
874-VI Calibration
1862-8B Megohmmeler Resistance 0.5-2,000,000 MQ | =87 A-C Line 132
583-A Output Power Meler Power 0.1 mw-5 w =(.5db None 134
Impedance 2.5-20,000 £ =70,
783-A Outpul Power Meter Power 0.2 mw-100 w £0.25 db None 134
Impedance 2.5-20,000 2 *= 207
546-C Microvoller Voltage 0.5 pv-1v =307 Audio Oscillator | 133

*Multipliers ure availnble to extond range 1o 1N valts
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METERS

TYPE 1800-B VACUUM-TUBE VOLTMETER

The General Radio Tyre 1800 Vacuum-Tube
Voltmeter has gained widespread aceeptance as
the most accurate peak-responding meter avail-
able.

It combines the accuracy of a laboratory
instrument with the necessary durability for
everyday laboratory and production line use.
It measures alternating voltage at frequencies
up to several hundred megacycles, as well as
de voltages of either polarity.

Competent circuit design, the best avail-
able components, and a mechanical design that
emphasizes convenience in use combine to pro-
duce the features listed below.

DESCRIPTION: The high-frequency probe con-
tains an acorn-type diode rectifier connected
by very short leads to the small, button-type
input capacitor mounted on a low-loss insulat-
ing disc. Except for the small area of this in-

sulation at the front, the probe is completely
shielded. Various fittings and terminations can
be attached to the metal probe cap. The
cable, which also supplies heater power lo the
diode in the probe, carries the rectified volt-
age to a de amplifier and indicating meter in
the cabinet.

The de amplifier uses a balanced twin triode
in a highly degenerative circuit. The rec-
tified alternating voltage is applied directly
to the control grid of one triode, and a diode,
which balances the effect of the initial-vel-
ocity current in the rectifying diode. is con-
nected to the control grid of the second triode.
The indicating meler is connected in series
with precision range-changing resistors be-
tween the cathodes of the amplifying twin
triodes.

FEATURES:

» High accuracy, =2%,.

» Wide frequency range; full range is covered
without disassembly of probe and without ad-
dition of external capacitor.

» Excellent low-frequency response.

» Probe is shielded against strong rf fields.

» Probe cap can be bolted to ground plane to
eliminate high-frequency errors resulting from
induetance in ground connection.

» Single zero adjustment holds for all ranges.
» Coaxial fitting and 50-ohm coaxial resistor
are supplied for use on probe.

» Calibration is stable and is substantially
independent of tube characteristics.

» Regulated power supply eliminates fluctua-
tion in meter indication and zero setting over
wide range of line voltages.

» High input impedance.

» [lluminated mirror-type scale.

» Handle detents into position to supporl
panel at angle for easy reading.

» Polarity switch for de measurements.

» Wire-wound resistors are used in all posi-
tions that influence calibration stability.

» Only three controls to handle all functions.
» Fuses accessible from panel.

§ e @—t /.f —p—s 1T iﬁ'—i 3 }‘; -
: \ >
{ tow \.‘h l‘b) %5 1% '_‘,j
" @ ke - Elementary schematic
+ W TS seer eireuit diagram for the
® =3 ®- Tyee 1800-B Vacuum-
iy Tube Voltmeter.
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METERS

SPECIFICATIONS

Voltage Range: (1.1 1o 150 volls, ae, in six ranges (0,5,
13, 5, 15, 30, and 150 volts, full seale); 0.01 to 150
volls, de, in six ranges (0.5, 1.5, 4, 15, a0, and 150 volls,
full scale).

Accuracy: DO, =200 of full scale; AC, =20, of full
seale for sinusoidal voltages, subject to frequency corree-
tion (see curve). The total warm-up decrease in
sensitivity is aboul 19, of the indicated value on the
La-voll range and 8 to 4%, of the indicated value on the
0.3-voll range, Ahoul one-half of this drift oceurs in the
first hour. The ealibration is sel to be correcl after com-
plete warm-up.

Waveform Error: On the higher a-¢ voltage ranges, the
instrument operates as a peak voltmeler, calibeated to
read r-m-s values of a sine wave, or 0.707 of the peak
value of a complex wave. On distorted waveforims the
pereenlage deviation of the reading from the r-m-s
value may be as large as the percentage of harmonies
present. On the lowest range the instrument approaches
r-m-s operabion.

Frequency Eror: Al high [frequencies, resonance in the
input cirenil and transit-time effects in the diode recti-
fier introduce errors in the meter reading. The resonance
effect causes Lthe meter to read high and is independent
of the applied voltage. The transit-lime error is a
function of the applied voltage and causes the meter to
read low. The accompanying curves show the frequency
range for 1-db resultant error. The resonant frequency
with cap on but plug removed is about 1050 Me. Correc-
tion curves are supplied.

At the indicated frequeney of 15 cyeles, the meter
indication begins to fluctuate as it tends to follow
the voltage change within each cycle,

Input Impedance: See plot; the equivalent parallel capaci-
tance at radio frequencies is 8.1 puf with the probe eap and

T

|
\ |
U =

= | |

|
EEEENE
oo oy op o 1 1 3 "0
# WITH FROBE CAP OFF FREQUENCY - Mc

Plot of components of input impedance as a
function of frequency.

plug removed, The probe cap and plug add approsximately
1.2 puf.

On the de ranges two values of inpul resistance are
provided, 10 megohms and open grid.
Power Supply: 105 to 125 or (210 to 2500 volls, ac, 50
to 60 eyeles. The instrument incorporates a vollage
regulator Lo compensate for supply variations over this
voltage range. The power inpul is less than 25 walls.

Instrument  will operate satisfactorily  on  power-
su;lszly frequencies up to 400 cyeles,
ower inpul  receplacle  will accepl  either  2-wire

(Tyer CAP-85) or 8-wire (Tyre CAP-15) power cord,
Two-wire cord is supplied. For 8-wire, see page 237
Tube Complement:

Frequeney characteristiecs—data taken with com- 2-0005 1-65L7-GT 1-5-4
plete probe, eap on, but banana plug removed. 1-65077-GTY 1-6AT6 2001
1-6C4 1-6X5-GT
i3 F mmjﬂ[’“ Accessories Supplied: Tyre CAP-835 Power Cord, spare
i e 54, fuses, Tyre 274 and Tyee 874 terminations, and 50-ohm
a - I/ /Z]L coaxial terminating resistor for probe.
8 //" "'/ll Mounting: Crackle finish  aluminum  panel  mounied
T ki in a shielded hardwood cabinet. The eable and probe
"F*Lni“_ L L I_Jﬁ‘ ns o are stored in the cabinet.
FREQUENGY Dimensions: (Width) 73§ x (depth) 7'% x  (height)
1115 inches, over-all. Net Weight: 134 pounds.
Type | |  Code Waord | Price
1800-8 |  Vacuum-Tube Voltmeter ...... R P SO DUCAT | $435.00

TYPE 1800-P2 HIGH-FREQUENCY
MULTIPLIER
For AC Use Above 100 kc

Multiplication Ratio: 10:1 =35%; can be adjusted lo =17
on voltmeter.

Input Impedance: Resistance 100 times that of volimeter:
apacitance, 2 upf with probe cap off, 1.5 gul with cap on.
Dimensions: (Din.) 134 » ¢ inches.

Type Caode Word | Price
| = | |

TYPE 1800-P3 LOW-FREQUENCY
= MULTIPLIER
For DC and AC Use up to 100 ke

Multiplication Ratio: DC, 10:1 = 1.5%; AC, 10;1 =359
can be adjusted to mateh voltmeters al any frequency or
for less than 87 error. 20 ¢ to 20 ke, less than 59 up
to 100 ke.

Input Impedance: 10 megohims shunted by 10 uuf.

Dimensions; J ¥ 2 % 2 inches,

Net Weight: 8 ounces.

| Code Word | Price

1800-P2 | Multiplier..............| asone | $23.00

Type | ule 1
1800-P3 | Multiplier ..............| asuor | $35.00
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METERS

\

TYPE 1230-A D-C AMPLIFIER AND ELECTROMETER

LR
L "t

Ny =o-
POLARITY

~ A If'.: t:
W

USES: The D-C Amplifier and Electrometer is
basically a millivoltmeter with extremely
high input resistance. It measures:

» Voltage—0.5 millivolt to 10 volts.

» Current—=5 x 107" to 10-* amperes.

» Resistance—3 x 10" to 5 x 10" ohms.
These quantities are indicated on a panel
meter, and outpul is available to operate re-
corders and other equipment.

Because of its high sensitivity and excel-
lent stability, this instrument has a wide
range of applications in secience, engineering,
and industry. Typical examples include the
measurement of :

» lonization currents, photo currents, grid
currents in electron tubes, and time-cur-
rent curves of capacitors during charge and
discharge.

» Piezo-electrie potentials, bioelectric poten-
tials, conlaclt polentials, electrostatic field
potentials, and pH indications.

» Back resistance of silicon-junction diodes,
interconductor resistance of cables, insula-
tion resistance of electrical equipment, and
voltage coeflicient of resistance.

130

» It amplifies weak de and low-frequency
voltages Lo operale recorders and other equip-
ment.

DESCRIPTION AND FEATURES: The circuat is a
three-stage direct-coupled amplifier that acts
as a highly degenerated cathode follower and
has high overall transconductance. Excellent
linearity is obtained even on the lowest scales.
» Voltage is measured directly; current is
measured in terms of the voltage drop across
a standard resistor, through which the current
flows: and resistance in terms of a standard
voltage source connected in series wilh the
standard and unknown resistors.

» To achieve maximum stability, power-sup-
ply voltages are stabilized; components are
arefully chosen and well aged; chassis and
sub-assemblies are shock mounted.

» High input resistance, even under conditions
of high humidity is achieved by use of an elec-
trometer tube and by enclosure of the input
grid lead in silicone-treated glass. Input re-
sistance selector has swilch contacts that are
mounted on individual teflon bushings set in a
metal base that connects to a guard point.

» Inpul stage is completely shielded, and the
coaxial input terminal permits this shielding
Lo be extended Lo the unit under test. A fully
shielded chamber, the Tyee 1230-P1 Com-
ponent Shield, is available as an accessory,
within which components to be measured can
be quickly and easily connected.

» Guard terminals are provided. The low inpul
terminal can be grounded or not, as desired.

» The outpul meter has two voltage scales
and two resistance scales, which provide two
ranges per decade.

» Terminals are provided for connecting an
external meter or recorder. The Esterline-
Angus (or equivalent) 5-ma Graphic Recorder
is recommended and Tyee 1230-AE D-C
Amplifier and Electrometer is installed in an
sterline-Angus case to malch the recorder.
More sensitive recorders can be shunted for
5-ma operalion.

a
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DAYS CONTINUOUS RUNNING TIME

Typical drift after tubes are changed.
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METERS

Tyee 1230-P1 Component Shield (with shield cover
removed) plugged into the input terminal at the
rear of the electrometer.

Tyre 1230-AE D-C Amplifier and Electrometer with a
recorder,

SPECIFICATIONS

Voltage Ranges: =30, 100 and 300 millivolts; =1, 3
and 10 volts: de, full-seale. Accuracy is =20, of full
sestle on the five highest ranges: =49, of full seale on
the 30-mv range,

Current Ranges: =1 milliampere de (10° amp.) full
seitle to =300 milli-micromicronmperes (3 x 107" amp.)
full scale. in twenty ranges (two per decade). Accuracy
is =89 of full seale from 10 amp to 10 amp;: =109,
of full seale from 8 x 107" amp to 3 x 107 amp.

Effective Transconductance: 33 mhios.

Frequency Characteristicc: With a 1500-ohm  load at the
OUTPUT terminals, the frequency characteristic is flal
within 5%, from zero to 10, 80, 100, 300, 1000 and 3000
eveles at the 30-, 100-, 300-millivolt, 1-, 8-, and 10-
voll ranges, respectively.

Resistance Ranges: Direct reading in resistance from
300 kilohms to 10 mega-megohms (10°% ohms) at full
seile (5 x 10" ohms al smallest meter division). There
are sixteen ranges (lwo per decade). AL Tull seale (Jow-
resistance end) aecuracy 18 =89 from 3 x 10° ohms to
10" ohms; =89, from 8 x 10 ohms o 10'* ohms, The
voltage across the unknown resistance is 9.1 volls.

Externol DC Supply: By the use of external batteries, or
other suituble external supply., the resistance range
cin be extended, the voltage across the unknown ecan fu-
inereased, and the vollage coeflicient of resistors ean
be measured,

With a 300-yvolt battery. the highest resistance range
18 10 ohms full seale (6 % 10" ohms at the smallest
meter division). The full  battery voltage appears
across the unknown resistance. The maximum permissible
voltage is 600 volts if the external supply is grounded:
somewhat greater if ungrounded.

Resistance Standards; 104, 107, 10°, 107, 10% 0%, 107,
and 10" ohms. The switeh also includes “zero™ and
“infinity™ positions. The 10*- and  10%-0hms  resistors
are wire wound and are acenrate to =0.259%,. The
100, 107, and  10%-0hm  resistors are of deposited-
carbon construction and are accurate to =19. The
10°, 10" and 10" resistors are carbon, have been Lrealed
to prevent adverse humidity effeets, and are accurate
lo =5%,. A switeh position permils quick cheeking of

the higher-resistance standards in terms of the wire-
wound units.

Input Resistance: T'he inpul resistance is determined by
the setting of the resistance standards switel. In the
infinity position, it is approximaltely 10'* ohms.

Drift: Less than € mv per hour after one-hour warmup.,
Output: Voltage, currenl and resistance are indicated
on & panel meter. Terminals are availuble for connecting
a recorder (such as the Esterline-Angus 5-ma or l-ma
graphie recorder). The recorder ean have n resistance
of up to 1500 ohims

Input Capacitance: Less Lhan 85 uuf.

Terminals: The input is connected through an 874-type
coaxial terminal assembly at the rear of the instrument.
In addition, there are three “low” terminals Lo provide
versatility in guard and ground connections, as required,
for example, in three-terminal network measurements,
Input Switch: A panel switch permits disconnection  of
the unknown without transient electrical disturbances in
eilher the unknown or the measuring circuit.

Input Insulation: Entirely teflon or silicone-treated glass.
Temperature, Humidity, Line Voltage Effects: Negligible.

Tube Complement: One 5886 electrometer, one CKG418,
one GANS, one 6A LS, one 6627, and three 0B2,

Accessories Supplied: One Tyre 874411 Adaplor, one
Tyre 1230-P1-300 Panel Adaplor Assembly. two Tyee
LA-MB Plugs, one Tyre 274-SB Plug, spare fuses and
Tyrs CAP-35 Power Cord.

Accessories Available: Tyre 1230-P1 Component  Shield.
Mounting: Aluminum front and rear panels finished in
crackle laequer and encased in an aluminum  wrinkle-
finished sleeve-like cabinet, The instrument is also avail-
able mounted inside a recorder case.

Power Supply: 105 Lo 125 (or 210 Lo 250) volts, 50 to 60
eyeles. Power inpul is approximately 45 watts at 115
volts. Instrument will operate salisfactorily on power-
supply frequencies up to 400 eyeles. Power input re-
ceptacle will accept either 2-wire (Tyee CAP-85) or
S-wire (Tyre CAP-15) power cord. Two-wire cord is sup-
plied. For 3-wire, see page 287.

Dimensions: (height) 135 x (width) 78§ x (depth) 9
inches, aver-all.

Net Weight: 13 Ihs.

?,'.’!f"' i o | Code Word | Price
1230-A D-C Amplifier and Electrometer..........cccoivviiinennnnns MASON $440.00
1230-AE | D-C Amplifier and Electrometer in Esterline-Angus

COB8 5 iiiis s A IR RRRRE TR A S PH T s b s SHA Sy s SN RUS MISTY 502.00
1230-P1 CoMPONENE S et s ss s sinsenit siansmhessomsasapes MANOR 40.00

PATENT NOTICE. See Nobe b poge &
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TYPE 1862-B MEGOHMMETER

USES: Rugged, versatile, and safe, this meg-
ohmmeter rapidly measures wide ranges of re-
sistance al either of two test voltages. The
50-volt level is useful in resistance measure-

ments on printed ecircuits, transistor circuit
components, and miniaturized eircuit compon-
ents. The 500-volt level is a standard value
in the measurement of the insulation resist-
ance of rotating machinery, transformers,
cables, capacitors, appliances, and other elec-
trical equipment.

Stabilized power supply and time constant
permit rapid and accurate measurement of the
leakage resistance of capacitors.

Guard and ground terminals permit measure-
ment of the grounded and ungrounded sections
of three-terminal resistors.

DESCRIPTION: The megohmmeter consists of a
stabilized power supply, a complement of re-
sistance standards, and an indicating meter.
The indicator is a balanced, de vacuum-tube
voltmeter that has two volts full-scale sensi-
tivity and a very high input resistance.
FEATURES:

» Direct-reading and simple to operate.

» Test voltages of 50 and 500 permit approxi-
mate measurement of voltage coefficient.

» Voltage can be removed from unknown
terminals by setting switch to CHECK or
DISCHARGE positions, thus permitting con-
nections to be made withoul danger of shock.
* Guard and ground terminals provided.

SPECIFICATIONS

Range: (1.5 megohm to 2,000,000 megohms al 500 volts
and to 200,000 megohms at 50 volts. There are six dec-
ade steps as selected by a multiplier switeh.

Scale: Kach resistance seale up to 500,000 megohms
utilizes 909 of the meter scale. Center-seale values are
1, 10, 100, 1000, 10,000 and 100,000 megohms.

Accuracy: From =39, al Lhe low-resistance end of each
decade, to =129 at the high-resistance end up to
50,000 megohms. There can be an additional =29
error at the top decade. For 50 volt operation, there is an
additional #=2% error on all but the 0.5 to 5 megohms
decade where the additional error can be =359,

Voltage On Unl : 50 to 500 volts, as selected by
switeh on front panel, indicator lamp is lighted when 500
volts are applied. Al resistance values below 0.5
megohm, the applied voltage drops to limit the current
to safe values. Voltage across unknown is 500 volts
within =10 volts, or it is 50 volts within =4 volts, This
voltage source is stabilized for operation from 105-125
volt lines (or 210-250 volt line),

Type |

Terminals: Unknown, ground and guard terminals. At
two positions of a panel switch, all voltage is removed
from all terminals to permit connection of the unknown
in safety. In one of the positions, the UNKNOWN
terminals are shunted to discharge the capacitive com-
ponent of the unknown. All but the ground lerminals
are insulated.

Calibration: Standardizing means provided.

Tube Complement: One each, 12AU7, 0A2, 6X4, 2X2-A,
6AB4, 6AUG, 5651.

Mounting: Crackle-finished aluminum panel and cabinet
with carrying handles and phenolic protective sides.
Power Supply: 105 to 125 (or 210 to 250) volls, 40-60
eyeles, 25 walls.

Amenorl] ] es Supplied: Spare fuses: two color-coded test
eads.

Dimensions: 1014 (height) x 9 (width) x 1134 (depth)
inches, over-all.

Net Weight: 1519 pounds.

| CodeWord |  Price

1862-B. | Megohmmeder ... isv.osisssasssissspsvsssssisnsioasatadsns

JUROR | $255.00

MEGOHM BRIDGE: The Type 544-B Megohm Bridge, a bridge-type instrument for resisl-
ance measurements in the megohm range, is described on Page 8.

ELECTROMETER: The Tyre 1280-A D-C Amplifier and Electrometer, described on page 130
measures resistances as high as 5 x 10" ohms, as well as very low voltages and currents.
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TYPE 546-C AUDIO-FREQUENCY MICROVOLTER

USES: The Tyrr 546-C Audio-Frequency Mi-
crovolter used in conjunction with an oscilla-
tor 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
vollage is extremely valuable. The micro-
voller can also be used lto measure other
small voltages by substitution methods.
DESCRIPTION: This instrumenl consists, es-
sentially, of a constant-impedance attenuator
and a voltmeter by means of which the input
to the attenuator is standardized. A switch
controls the output voltage in decade steps,
while an individually calibrated dial provides
continuous control over each decade.
FEATURES:

* An excellent frequency characteristic, ex-
tending from very low frequencies up to
100,000 eyeles.

» Excellenl accuracy is obtainable for abso-
lute voltage levels as well as for voltage ratios

in gain or loss measurements.

» Decibel scales, in addition to the voltage
calibration of the meter and multipliers, sim-
plifies the measurement of response charac-
teristics in decibels.

SPECIFICATIONS

Output Voltage Range: Irom (.5 microvoll to 1.0 volt
open cireuit, when the inpul voltage is set to the standard-
ized reference value.

Accuracy: For open-circuil outpul vollages the calibra-
tion is accurate within = (8%, + 0.5 microvolt) for output
seflings above 1 microvolt and for all frequencies be-
tween 20 and 20,000 eveles. For higher frequencies
up to 100 ke the calibration is accurate within =359, for
output settings above 100 microvolts. These specifications
apply only where waveform and temperature errors
are negligible (see below).

In caleulating ratios of outpul voltages, at a given
frequency, the accuracy of any given reading can be
considered to be within =(29, + 0.5 microvolt), at
frequencies up Lo 100,000 eyeles, Al frequencies above
20 ke this accuracy applies only al levels above 100
microvolts.

The microvolter can be used on de with an external
d-¢ meter. Internal meler can be calibrated for de.
Output Impedance: The output impedance is approxi-
mately 600 ohms, constant with setting within =359,
No correction on the outpul voltage is necessary for load
impedances of the order of 100,000 ohms and greater.

CONTINUOUSLY VARIABLE
oUTPUT

®

QUTPUT

_———— N

STEPPED ATTENUATORS

Type

Approximately 600  ohms, substan-

Input  Impedance:
setting on all but the

tially independent of outpul
highest multiplier position.
Waveform Error: The accurncy of the microvoller as
a calibrated attenuator or voltage divider is independent
of waveform. The absolute accuracy of the output
voltage calibration depends on  the characteristics of
the input copper-oxide rectifier voltmeter, which has a
small waveform error thal depends in turn on both
the phase and the magnitude of harmonics presenl in
the input. This error in the voltmeter can, in general,
be neglected when the microvolter is used with ordinary
laboratory oscillators. The rectifier-type voltmeter itself
introduces some distortion unless the source impedance
is very low. With a 600-ohm source the distortion intro-
duced 15 uboul 0.2,

Temperature Error: The accuracy of the ecalibration is
independent of temperature when the microvolter is
used as an attenuator or vollage divider. The absolute
accuracy is affected slightly by temperature because of
change in the voltmeter characteristics. The necessary
correction for temperatures from 65° to 95° Fahrenheil
is furnished with the instrument. The effects of humid-
ity are neghgible.

Power Source: I'he driving oscillator must be capable of
furnishing about 2.2 volts across 600 ohms.

Terminals: Jack-top binding posts are mounted on standard
d4-inch spacing.

Mounting: The instrument is mounted on an aluminum
panel in an aluminum cabinel.

Dimensions: (Length) 10 % (width) 7l
inches, over-all.

Net Weight: 614 pounds.

|  Code Word |

(height) 644

Price

546-C Audio-Frequency Microvolter® ...............c....oeevnnnel

"Reg 1.5 Pat. OF
|

crowN | $140.00
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OUTPUT POWER METERS

USES: The output power meters indicate directly the audio-
frequency power that a source delivers into any desired load.
They are widely used to determine the output characteristics
and internal impedance of lines, oscillators, amplifiers, trans-
formers, transducers, and other networks. Two models are
offered with maximum readings of 5 watts and 100 watts
respectively.

DESCRIPTION: Functionally, the system is an adjustable load
across which is connected a voltmeter reading directly in
walls dissipated in the load. An auxiliary db scale is
provided.

FEATURES:

# Direct-reading in power and impedance.

» Auxiliary decibel scale.

| TYPE 783-A

Power Ronge: 0.2 milliwatt Lo 100 watls in five decade
ranges. An auxiliary decibel scale with  multiplier
reads from — 10 to +50 decibels above | milliwalt,
Impedance Range: 2.5 to 20,000 ohms. Forty discrete
impedances, distributed approximately logarithmically.
Impedance Accuracy: Within =29 of the indicated value,
excepl at the migher frequencies for high-impedance
settings. AL 15,000 cyeles liu- input impedance error is
aboul 59, for impedances from 10,000 Lo 20,000 ohms.
Power Accuracy: The indicated power is accurate to =0.25
| db at full-scale reading. Al the lowest impedance
| multiplier setting (2.5 to 20 ohms) there may be an ad-
‘ ditional error of 0.2 db due to switch contact resistance
1 when the highest power range is used.

The over-ull frequency chuaracteristic of the power
indication is fal within =0.5 db from 20 cycles to
! 10,000 eyeles; within =0.75 db to 15,000 cycles.

Waveform Error: Calibrated in rms values for a sinu-
soidal applied voltage. When nonsinusoidal voltages are
applied, the error will depend on the magnitude and
phase of the harmonics present.,

Mounting: The instrument is mounted on an aluminum
panel in a hardwood cabinet.

Dimensions: 8 x 18 x 7inches, over-all.

Net Weight: 17 pounds,

» Wide ranges.

SPECIFICATIONS

TYPE 583-A

Power Range: 0.1 to 5000 milliwatts in four decade
ranges. An auxiliary scale with multiplier reads from
=10 to 437 decibels above 1 milliwatt.

Impedance Range: 2.5 to 20,000 ohms. Forty discrete
impedances, distributed approximately logarithmically,
are obtained.

Accuracy: The maximum error in full-scale power reading
does not exceed 0.5 decibel between 150 and 2500 eycles,
nor does it exceed 1.5 decibels at 20 and 10,000 cycles.
The ayverage error is 0.3 decibel at 30 and 5000 cycles,
and 0.6 decibel at 20 and 10,000 cycles.

The maximum error in impedance does not exceed 7%,
between 150 and 3000 eycles, nor does it exceed 509, at
20 and 10,000 eyeles. The average error is 89, at 30 and
000 eyeles and 2097 at 20 and 10,000 eycles.

Waveform Emor: Calibrated in rms values for a sinu-
soidal applied voltage. When nonsinusoidal voltages are
applied, the error will depend on the magnitude and
phase of the harmonics present.

Mounting: The instrument is mounted on an aluminum
panel in a hardwood cabinet.

Dimensions: (Length) 10 x (width) 7 x (height) 6 inches,
over-all.

Net Weight: 814 pounds.

Type | | Code Word | Price
583-A Output-Power Meter .............c..c.... O S l $165.00
783-A Output-Power Meter ABBEY 370.00
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RADIO STATION MONITORS

Thv General Radio Company pioneered in the devel-
opment of measuring instruments for broadeasting sta-
tions, having supplied specialized frequency measuring
equipment as early as 1924, and modulation messuring
apparatus sinee 1951, Later, when the Federal Com-
munieations Commission required continuous monitor-
ing, General Radio instruments  were  developed 1o
satisfy these conditions.

The soundness of these early designs was attested by
their wide acceptance and long, trouble-free operation.
Each sueveeding model profited by the field experience
of il predecessor, and early obsolescence was never per-
mitted to occur. Many of the extra features built into
General Radio monitoring equipment assure long life in
a rapidly  changing  industry.  Approved  monitoring
equipment currently listed by the FCC still show Gen-
eral Radio equipment designed and placed in use more
than 15 years ago, whose manufacture has been discon-
tinued for more than a deeade,

The General Radio Company alone has a continuous
record of design and nmnu}:wlun- of this class of equip-
ment, and this faet is widely recognized in the field of
broadeasting. By a huge majority. rudio and TV stalions
throughout the United States are GR equipped.

Current models are designed for the utmost in con-
venience and accessibility (see page 141). Practically all
adjustments and servicing operation can be performed
wilhout removal of the monitor from the rack, and with-
oul I'I"r"‘l'"'lll'(‘ l(' an in‘ll'll["’lllll I)lll‘k.

Remote Monitoring: ['natlended transmiller  operalion
usually requires thalt  the monitoring equipment  be
adaptable to remote control operation. General Radie
monitoring instruments have historically meluded such
features as provision for external meter connections and
as high an r-l inputl Sensitivity as is consistent with re-
liable performanee. The ence of Lhese features in
both uld and new equipment assures adaptability Lo re-
mole service.

Frequency  Monitors:  The function of the frequency
monitor is to indicate the deviation of the transmitter
frequency from its assigned channel. Fundamentally, i

= OTHER BROADCASTING
FREQUENCY MEASUREMENTS

The Tyre 1215-C Time, Frequeney Calibrator (page 86)
provides an gecurate and convenient means for checking
the frequencies of transmitters and monitors against the
standard-frequency transmissions of WWY and WWVIH,
The procedure is covered in a paper by Cady and Buuck
entitledd “Frequency  Measurements in the Broadeast
Ifield.” Write for a copy.

TV Transmitter Harmonics: These measurements, now re-
quired by FCC Regulations, ean be made with standard
General Radio coaxial measuring equipment. See Tyer
874-F'R Rejection Filters, page 49

Tube Lite Greally Extended by Automatic Line-Voltage Regulator:
Experience of hrondeasters indieates thal use of the Typr
1570 Regulator on the transmitter Glament supply quickly
saves its cost by greatly extending tube life. See page 218
for deseription of this regulator.

Distortion: The FCC Standards of Good  Engineering
Practice specily  maximum  permissible  percentage  of
dhstortion  for various broadeast  services. The Tyrek

consists of # frequency standard and & menns of indi-
cating the difference between the transmitter frequency
and that of the standard. For convenience in measuring
the difference frequency, the frequency of the standard
is usually offset from that of the assigned channel. The
deviation indicator is calibrated directly in eyeles (or
kiloeyeles) off the assigned channel frequency.
Modulation Monitor:  Percentage  modulation  for  A-M
transmitters is measured by a system in which the
modulated signal from the transmitter is reclified in a
linear diode rectifier Lo produce an a-¢ vollage pro-
portional to the instantaneous value of Lhe carrier
envelope and a d-¢ voltage proportional to the average
carrier amplitude. The ratio of Lthese voltages is von-
tinuously indicated by a voltmeter calibrated in modu-
lation percentage. A Rashing lamp indieates modulation
peaks in excess of any pre-set level,
Standard Broadcast Band: For the standard broadeast fre-
yuencies, 540 to 1550 kiloeyeles, the Tyre 1181-B Fre-
quency Deviation Monitor (page 188) wnd the Tvyee
1931-B Modulation Monitor (page 140) are used. These
instruments are fully deseribed on the pages indicated
Television: The new Tyre 1184-A-A Television Trans-
mitter Monitor has been designed for use with hoth
monochrome and color transmitters, It provides con-
tinuwous indications of aural modulation and  the fre-
quency of botl aural and visual transmitters, or a direct
moniloring of the intercarrier frequency. Oulputs are
available for operation of a monitoring speaker, and
for the measurement of the aural (f-m)  transmitter
fidelity characteristics. distortion, noise level, residual
a-m noise on the aural transmitter. and residual f-m
noise on the visual transmitter,

The Color Subearrier Monitor (page 188) monitors the
color subearrier frequency $.579545 Me Lo assure that i
stays within the 10-eyele tolerunce

Type | Monitor | Page
1181-B,-BH | Frequency Deviation Moniters ... .. 138
1181-BT Color Sub-carrier Menitor. ... . .. el 188
1184-A-A Television Transmitter Monitor.....| 136
1931-B Modulation Monitor. ....... sasaeadl, 140

STATION MEASUREMENTS —=

1932-A Distortion and Noise Meter | Lpage 225) andd the
Tyee 1801-A Low Distortion Osecillator {page 101) are
designed to measure transmitler distortion, as well us
carrier noise, rapidly and aceurately. The Distortion and
Nuise Meter operales from the output of the Type 1931-B
Maodulation Monitor. the Tyre HBEA-A TV Trans
mitter Monilor, or the Tyee 1170-B F-M Monitor,
Antennas, Lines, etc: The General Radio Company
manufactures an extensive line of bridges and  other
impedance-measuring - equipment  suitable  for  deter-
mining the impedance of antennns, lines, and  phasing
and matehing networks. For various frequeney hands,
the following instruments are recommended:

| Type Page
50 ke-5 Mc | 916-AL R-F Bridge............ o ose
400 ke-60 Mc | 1606-A R-F Bridge. . 30
10-165 Mc 1601-A V-H-F Bridge ... .. 38
50-1500 Mc | 1602-B Admittance Meter . : 34
300-3000 Mc | 874-LBA Slotted Line ............ R
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TYPE 1184-A-A TELEVISION TRANSMITTER MONITOR

FCC Approval No. 3-105

USES: The Television Transmitter Monitor
provides, in one complete unil, all the func-
lions necessary to meet the requirements of
the Federal Communications Commission for
monitoring television transmitlers, plus other
functions that make it possible for the stalion
operating staff 1o check either continuously
or periodically several key factors that indi-
cate the operating condition of the transmit-
ter. This instrument will:
# Indicate continuously the carrier frequency
deviations from nominal channel frequencies
of both the aural and the visual transmitters.
» Indicate continuously the difference, or in-
tercarrier, frequency.
» Indicate continuously the frequency-mod-
ulation deviation of the aural transmitter.
#» Indicate by a light flashing, when the de-
viation exceeds a preset value,
» Provide an audible monitor of intercarrier
FM to warn instantly of loss of either carrier
or of overmodulation of the visual carrier.

In addition, the following measurements
can be made:
» Audio fidelity (distortion, noise, and fre-
quency response) measurements on the aural
transmitter, as required by FCC proof-of-
performance regulations.
» Residual a-m noise on both transmitters.
»  Residual fm noise on the visual transmiller
with full video-modulation applied. (This can
be monitored continuously on an external
Distortion and Noise Meter, such as the
Tyere 1932-A).
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» An intercarrier demodulation system is
provided in which the sound recovery is iden-
tical with that of an intercarrier-type receiver.
# All metering circuits can be connected Lo
external indicators. A 600-ohm aural monitor-
ing outpul is provided.

#» This monitor will operate on any UHF or
VHF television channel, with both color and
black-and-white transmitters.

DESCRIPTION: The monitor chassis is mounted
on slides and pivots that always supporl ils
weight. It can be installed, operated, and
serviced enlirely from the front. It is com-
pletely accessible while in operation, without
removal from the relay rack. All controls, in-
cluding ecircuit-function test switches, are
available directly behind an easily removable
panel plate which can be supplied in color to
match other station equipment. These fea-
tures are illustrated under Type 1181-B Fre-
quency Deviation Monitor, page 138,

Chassis marking is so complete that mosl
maintenance operations can be done withoul
using an instruction book. Key voltages can
be checked by a panel meter and a switch,
and chassis pin jacks provide for rapid check-
ing at other points.

The monitor operation is shown in the block
diagram. A highly stable, precision ecrystal
oscillator is used as a master reference fre-
quency, whose appropriate harmonic is used
to produce beats of 150 ke and 4.85 Me, re-
spectively, with the aural- and visual-trans-
mitter carrier frequencies.

The 4.35 Mc beat frequency operates (1) a
visual-carrier frequency-deviation meler and
(2) a limiter-discriminator circuil whose out-
put is a measure of the fm noise on the visual
transmilter carrier.

The 150-ke beal frequency operates (1) the
modulation meter calibraled in percenlage
frequency-modulation of the aural transmil-
ter, (2) the audio monitoring and fidelity
measuring systems, and (3) an aural-carriep
frequency-deviation meter.

The three functions noted above can be
switched to operate from a separate inler-
carrier-beal detector, whose outpul is hetero-
dyned with a secondary-reference oscillator.
The performance oblained simulates the sound
recovery in an inlercarrier-lype receiver, and
the frequency meter directly indicates devia-
tion of the intercarrier beal frequency from
its FCC assigned value of 4.5 Me =1 Ke.
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MONITORS

SPECIFICATIONS

Frequency Range: 50-800 Me (tv channels 2 1o 83),
RF INPUT

1. Impedance: Low-impedance loop coupling.

2. Level: Intended for use with standard EIA transmitter
monitoring outputs (10 volts, 50 ).

3. Max Sensitivity: One volt Visual, two volts Aural.
The measurement of residual AM noise on the aural trans-
mitter requires a minimum of 4 volts inpult.

4. Adjustments: Inpul levels for both aural and visual
transmitler are adjustable from the front,

5. Indication: Both aural- and visnal-transmitter input
levels can be checked on a panel meter.

Frequency: Crystal Stabilily—master reference, =0.1
ppm/30 days secondary reference, =5 ppm/30 days
(=22.5 eycles).

Accuracy:
Inter-
Aural Visual Carrier
Meter 3.08ke | 1.50-1.5ke | 8-0-8ke
Scale
Mt:L‘rtng = 200c¢ = 30¢ = 200¢
Accuracy
Overall VHF 500¢/30 days 250¢ for
Accuracy UHF 500¢/10 days 30 days

Imoge Frequency Check: A checking deviee is incorporated
to insure that the transmitter frequency is on the correet
side of zero beal.

Aural Modulation (FM): Meter Scale, 0 to 1009, + 3 db,
full scale; Meter Ballistics, as required by FCC speci-
fications: Meter Calibration, 1009, = 25 ke deviation:
selector switch for 1009, = 50 ke to permil wide-
deviation lype-tests; Polarity Response, panel switch
for positive or negative peaks, for both meter and flash-
ing lamp; Peak Indicator, flashing lamp indicales peaks
in excess of dial selting; Dial, calibrated from 0 to
1009, and to +8 db above 1009 Meter Frequency
Response, =0.25 db from 80 to 15,000 cyeles, =0.5 db
from 30 to 20,000 cycles: Peak Indicator Frequeney Re-
sponse, 015 db from 100 to 15,000 eycles.

FIDELITY MEASUREMENTS

Aural F-M Transmitter: Audio Outputs (al low frequen-
cies with 1009, modulation), 10.8 volls into 100 k2 or
0 dbm into 600 Q. Residual Distortion (50 1o 15,000
eyeles), 0,159, for 25 ke modulation deviation, and
0.25%, for 50 ke deviation; Residual FM Noise, —70
db below 25 ke modulation deviation; Audio Response,
follows 75-usec de-emphasis curve within =0.5 dh
from 50 Lo 15,000 cyeles, =3 db from 15 to 30 ke;
A-M Noise Reference Level (al low frequencies), 4 volts
into 100 kQ; Residual Noise, AM, —70 db  below
carrier level.

Visual A-M Transmitter: Notse (FM) Measuring Output
(al low frequencies and 25 ke deviation), 1.5 volts
into 100 k2 load, 75-psec de-emphasis circuit  in-
cluded; Residual (FM) Noise, —65 db below 25 ke
deviation with normal video modulation on transmiller
(—70 db without video modulation),

I ier M ts: Same as for aural trans-
mitter, excepl Residual (FM) Noise is —63 db below

25 ke deviation of aural transmitter with video modu-
lation applied to visual Lransmiller.

EXTERNAL CONNECTIONS

1. Frequency Meters:

Visual Transmitter, GR Tyrr MEDS-41-3, 0-200 ua
de, 510 82, one side grounded.

Aural Transmitter, GR Tyre MEDS-72, 100-0-100 ga
de, 510 2, one side grounded.

2. (FM) Modulation Meter: GIX T'yre MEDS-28, 0-600 pa
e, 680 Q, neither side grounded.

3. Modulation-Peak Indicator: 3 wall-115 v lamp, one side
grounded.

4. Audio Monitoring Output: Unbalanced—600 0, 1009,
modulation = 0 dbm.

5. Audio Measurement Output: Intended for use with the
Tyee 1932-A Distortion and Noise Meter (100 kQ un-
balaneed input): 10.8 volts outpul al low [requencies:
behind-the-panel test jack for connecting on a Lemporary
basis; rear jack provided for permanent wiring to rack-
mounted Distortion and Noise Meler.

6. Power Cables: Standby line, for master crystal oven;
power line, for monilor cireuits.

Power Supply: 105 Lo 125 (or 210 to 250) volts, 50 lo

60 cycles. Power input receptacle will accept either

2-wire (Type CAP-35) or 3-wire (Tyre CAP-15) power

cord, Two-wire cord is supplied. For 8-wire, see page 237,
Standby Operation (al 115 /230 volls)

15 walls, with master crystal oven operaling.

Normal Operation (al 115/250 volts)

Max demand 265 watts. (155 walls during 80-second
initial warm up).

Mounting: 19-inch  rack-panel mounting. Front panel
removable for access 1o controls. All controls available
from front. Instrument mounted on slides for access lo
all parts. Designed for vertical-air-flow ecabinet racks,
Panel Finish: GR crackle; also availuble in certain standard
colors Lo mateh station equiptmenl.,

Dimensions: (Width) 19 x (height) 21 x (depth) 16 inches
over-all.

Net Weight: 75 |bs.

FM NOISE
MEASURING
CIRGUIT ELEMENTARY MONITOR GIRCUIT
1 he ANREX)
tiKke
FOR DETERMINING %ﬂuﬂllﬁ!

MESIOUAL FW NOISE  (AMj
DN VISUAL CARRIER  WISUAL

4ame
121Ke TOLERANCE)

WG A
MABTER
REFER]

INTERCARRIER
MONITORING CIRCUIT

<
4381740 Me
"nereence £ Sl
FREQUENEY
owo. | owe | OB J AumAL THANS. G
INTERCARMER

Type | | Code Word | Price
1184-A-A | Television Transmitter Monitor Channels 2-13 ........ I GIANT | $3200.00
1184-A-A Television Transmitter Monitor Channels 14-83....... GIANT 3450.00

PATENT NOTICE. Ser Nates 2,4 and 16, page x.
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TYPE 1181-B FREQUENCY DEVIATION MONITOR

FOR AM TRANSMITTERS

IN THE STANDARD BROADCAST BAND

FCC Approval No. 3-106

USES: The Tyre 1181-B Frequency Deviation
Monitor indicates directly the magnitude and
direction of the frequency deviation of a
broadeast transmitter from its assigned chan-
nel frequency. A monitor of Lhis type is re-
quired by the Federal Communications Com-
mission for each station in the standard
broadeast band.

The Frequency Deviation Monitor can be
used to monitor A-M transmitters from a loca-
tion remote from the transmilter site, as
required in FCC rules permitling unattended
operation of transmitters. The low input sig-
nal required, (approximately 50 millivolts),
permils operation up to several miles from the
transmitter with only a single-wire anlenna
necessary to pick up adequate signal voltage,
The antenna may be tuned to provide addi-
tional selectivity, if desired. The narrow fre-
quency band of the i-f system in the monitor
usually provides adequate noise rejection.
DESCRIPTION: Voltages from a temperature-
controlled piezo-electrie oseillator (offset 1000
eycles from Lhe assigned channel [frequency)

SPECIFICATIONS

Deviation Range: = 30 cyeles, readable to one evele

Carrier Frequency Range: 500 Lo 1600 ke,

Accuracy: When received., within =35 parls per million.
An adjustment is provided lo bring the reading inlo
agreement with monitoring station measurements

Stability: Better than one parl in a million under nor-
mal operating conditions for 6 months after an initial
aging period. Adjustments are provided to correel the
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and the transmitter to be monitored are ampli-
fied and fed to a mixer from which their dif-
ference frequency is obtained. This audio fre-
quency is amplified; its peaks are clipped to
produce an essentially square waveform, which
is applied to an audio-frequency meter. The
indicalor is calibrated to read zero when the
audio beal is exactly 1000 eveles. Deviations
from 1000 eyeles are indicated directly as the
frequency deviation of the transmitter.

The monitor is a-¢ operated and is mounted
on a single relay-rack panel.

Chassis pulls forward on slides and tilts
to give access to all components. All instal-
lation tests and maintenance adjustments can
be performed from the front of the rack. The
inside face of the removable dress panel car-
ries a block diagram and condensed operating
instructions. Signal fow lines and test
jill'k5 on II"‘ (‘Ilil.\‘ﬁis IIIJII\'(' rr('('l“'lll I'('f(‘l"('”('l'
to the instruction book unnecessary for either
operation or maintenance,

FEATURES:

» Proved by use. Almost every broadeast
transmitter in America is equipped with this or
previous models of this monitor.

» Simple to install — easy Lo maintain.

» High reliability for continuous service.

» Suitable for remote monitoring.

» Deviation indication is unaffected by ampli-
tude modulation,

» Deviation indication is independent of r-f
input level, over a wide range.

» Very low r-f input power.

» DPosilive indication of failure of transmitter
carrier is provided by signal-level pilot lamps.
A push-button test indicates whether or nol
the monitor erystal voltage is adequate. Other
pilot lamps indicate heater-thermostat and
power circuil operaltion.

» External deviation indicator can be con-
necled.

y BYPE 1181228

indicated  frequency  in lerms  of

lransmissions whenever necessary.

Quartz Crystal: T'yre 8761

Tube Complement:
3-65J7

standard-frequency

1-6V4-G
2-6ACT 1-6W6-GT
2-6HG 1-0C3/VR105

Coupling to Transmitter: A few inches of wire serving as an

1-2050
L68Q7-GT
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Monitor in rack extended and tilted for servicing.

antenna are usually sufficient. A minimum of 50 milli-
volts is required into a high-impedance grid ciremt.
Accessories  Supplied: Quarlz crystal, 2 CAP-35 Power
Cords, spare fuses, and plug for connecting an external
melter.

Remote Indicator: External meter for local or remole de-
viation indication ean be connected. Maximum exter-
nal loop resistance: 5 k.

Power Supply: 105 to 125 (or 210 to 250 volts), 30 to
60 cycles.

Power input receptacle will accept either 2-wire
(Tyre CAP-35) or 3-wire (Type CAP-15) power cord.
Two-wire cord is supplied. For 8-wire, see page 237,

Power Input: 25 walls for heater cireuils, 100 walls
for monitor eircuils.

Mounting: 19-inch relay-rack panel.

Panel Finish: Standard General Radio erackle. Ceriain
standard finishes which ean be processed in quantity can
also be supplied.

Dimensions: Panel (length) 10 x  (height) 15% inches.
Depth behind panel, 13 inches.

Net Weight: 51 pounds.

TYPE 1181-BT COLOR SUBCARRIER MONITOR 3579545 Mc

The Color Subearrier Monitor is similar to
the broadeast models, but the quartz erys-
tal is operated at a very low oscillation am-
plitude to achieve maximum long-term stability.

In color-TV transmitters, the standard
color subecarrier-frequency signal of 3.579545
Me is needed at any localion where a color
program originates, whether “live™ or film, It
is usually generated by an oscillalor at that
location, al or near a studio rather than al
a transmitter. Although there is no specific

SPECIFICATIONS,

Same as for Tyee 1181-B except as specified below:
Input Frequency: 3.579545 megacycles; uumm'ulah-d.
Frequency Stability: = one cyele per second for 80 days:
=5 eycles for one year.

TYPE 1181-BH FREQUENCY

Identical in its ecircuilry and general ar-
rangement to the Type 1181-B. this higher-
frequency model operales in a frequency range
that includes such services as aeronaulical,
maritime, marine, public safety, and interna-
tional broadeast. While the present FCC fre-
quency-stability requirements for these services

SPECIFICATIONS,

Same as for TI81-B, excepl as noted below:

Frequency: 1.6i-15 M.

Frequency Stability: =1 ppm for 380 days. or betler;
=5 ppm for 1 year.

RF Input: 1.6-5 Me, 0.1-25 volls, modulated or un-

FCC requirement that this frequency be
monztored, il must be held within =10.7 eps al
all times. Good operating practice, therefore,
makes conlinuous monitoring very desirable.
The Tyre 1181-BT Color Subearrier Monitor
is ideally suited for this application. Its sta-
bility of one cycle per month or five cycles
per year obviates Lhe necessily of frequency
checks against an external source, while its
price is less than half thal of most counter-
type frequency meters.

TYPE 318187

Quartz Crystal: General Radio Tyvee 376-R.

RF Sensitivity: .05 to 2.0 volts unmodulated of il:rul.
Coupling to Transmitter: Shielded cable and plug pro-
vided.

DEVIATION MONITOR 1.6t 15 MC

are 30 to 50 parts per million, the use of highly
selective narrow-band receivers to minimize
interference requires a considerably higher
degree of carrier-frequency stability. The
monitor is the least expensive and most reliable
means of assuring the desired carrier accuracy.

TYPE

modulated,

5-15 Me, 0.4-8.0 volts, modulated or unmodulated.
Quartz Crystal: General Radio Tyre 376-R.
Cpupl;ng to Transmitter: Shielded cable and plug  pro-
vided.

1181-BH

o Type | o | Code Word | Price
1181-B Frequency Deviation Monitor........c..cocviiiiiniiincns MALAY $1025.00
1181-BT Color Subcarrier Monitor .........c.o.ooviveerieriainiannnnns MAJOR 1025.00
1181-BH Frequency Deviation Monitor...........oocviiiiiiiiiiinnn. MADAM 1025.00

PATENT NOTICE, See Nole Vo, piage s
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TYPE 1931-B AMPLITUDE-MODULATION MONITOR

FCC Approval No. 3-107

IVLR BUORATION
LI

A
o

wil

%

-

R )

AMPLITUDE - MODULATION
MONITOR

USES: The Tyee 1931-B Amplitude-Modula-
tion Monitor is used to measure and to indi-
cate continuously the percentage modulation
of broadeast and other radio-telephone trans-
mitters. The Tyre 1931-B Modulation Mon-
itor performs the following specific functions:

1. Measurement of percentage of modula-

tion on either positive or negative peaks.

2. Overmodulation indication.

3. Program-level monitoring.
4. Measurement of carrier shift when mod-
ulation is applied.
5. Measurement of the transmitter audio-
frequency response.
DESCRIPTION: The Type 1931-B Amplitude-
Modulation Monitor consists of three essen-
tial elements: a linear diode rectifier which
gives an instantaneous output voltage propor-
tional to the carrier envelope; a semi-peak
voltmeter which gives a continuous indication
of the peak modulation; a trigger -ecircuit
which flashes a light whenever Lhe negative
modulation peaks momentarily exceed any
previous set value,

The linear rectifier is designed for operation
al a low-power level, which greatly simplifies
the coupling to the transmitter. A d-c¢ meter
in the output of the linear rectifier indicates
the carrier level at which the instrument is
operating and also shows any carrier shifl
during modulation.

In addition, two auxiliary audio outpul cir-
cuits operating from a separate diode rectifier
are provided. One of these, at 600 ohms, is in-
tended for audible monitoring; the other, a
high-impedance circuit, gives a faithful repro-
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duction of the carrier envelope with less than
0.19, distortion, under most conditions, and
an be used for distortion and noise-level
measurements with the General Radio Tyre
1932-A Distortion and Noise Meter,

The circuit for external meter connections
permits the external loop resistance to be as
high as 5000 ohms. A switch is provided to
disconnect the external meter and connecting
lines and to substitute an internal 5000-ohm
resistor, in which evenl the monitor functions
independently of external connections.

The Type 1931-B Monitor incorporates

General Radio’s new concept in mechanical
design that gives convenience never before
attained in an instrument of this type. Every
operation in the installation, use, and main-
tenance of this new monitor can be handled
from the front. You never need to go behind
the instrument rack. The monitor slides out
and tilts forward and back for easy access to
tubes and adjustments. Chassis test jacks
permil a rapid check of current and voltage
al eritical points in the circuit. The unique
chassis marking is so comprehensive that
most maintenance can be performed without
the need for an instruction book or ecircuil
diagram. The monitor is a-¢ operated and is
mounted on a single relay-rack panel.
FEATURES:
» Initial installation, operation, and main-
tenance can be done from the front of the rack.
» Instrument marking enables most mainte-
nance operations to be performed without
reference Lo an instruction book or eircuit
diagram.
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View of chassis showing signal flow lines.

#» Speed and simplicity of operation, essential
for monitoring instruments, are available in
this instrument.

» Operates over a wide ecarrier frequency
range, and a tuned input circuil is provided
to facilitate coupling to the transmitter.

» The r-f power input required in the broad-
cast range is less than 0.5 watl.

Monitor tilted to expose underside of chassis.

» Overmodulation indication.

» The flashing circuits are so designed that
the indication is unaffected by moderate
changes in carrier amplitude.

» Terminals are provided so that remole
percentage modulation indicators ean be con-
nected to the instrument externally.

SPECIFICATIONS

Range: Modulation percentage, 0 to 1109, indicated by
meter on positive peaks, 0 to 1009 on negafive peaks.
The flashing lamp is adjustable to operate from 0 to 1009,
on negalive peaks.

Carrier-Frequency Range: The monitor will operate at any
carrier frequency from 0.5 Lo 60 megacycles. A single sel
of coils (either 0.5 to 8 megacyeles or 8 Lo 60 megacycles)
is supplied with each instrument, unless both sets are
specifically ordered.

Carrier-Frequency Input Impedance: Aboul 75 ohms in the
broadeast band, increasing slightly at higher carrier fre-
yuencies and varying somewhat with input luning.

Accuracy: The over-all accuracy of measurement at a mod-
ulating frequency of 400 eycles is =29, of full scale at 07
and 100%,, and =49, of full scale at any other modula-
tion percentage.

Detector Linearity: The distortion in the diode detector is
very low for frequencies up to 7500 cycles. Above this fre-
guency, a small amount of negative-peak elipping oceurs,
reaching 5%, at the extreme high end of audio range al
15,000 eyeles and 1009, modulation.

R-F Power: In the broadcast range the maximum r-f power
requirement is about 0.5 watt.

Warning lamp Circuit: The OVERMODULATION lamp
will lash whenever the negative modulation peaks exceed
the setting of the MODULATION PEAKS dial by 29, or
more modulation, for audio frequencies between 30 and
7500 cyeles. For higher audio frequencies, the percentage
overmodulation required to fAash the lamp increases
slightly.

‘he aceuracy of the dial calibration is =297 of full seale,
Meter Circuit: The response of the PERCENTAGE MOD-
ULATION meter circuit is flat, within =0.25 db, between
a0 and 15,000 eyeles, and within =0.1 db between 100
and 10,000 eycles.

Either positive or negative modulation peaks may be

read. Calibration in dh below 1009, modulation is provided

The meter dynamic characteristic meets FCC specifica-
tions for modulation monitors.

Audio Monitoring Output: The audio output amplifier is
flat, within = 1.0 db, from 30 1o 45,000 ¢yeles. The inter-
nal impedance is 600 ohms, Distortion is less than 0.2,
Open-cireuit output voltage is about 800 millivolts,
Fidelity-Measuring Output: Flal within =1.0 db between
30-30,000 eyeles with Tyre 1932-A Distortion and Noise
Meter connected. Distortion less than 0.1%, under most
conditions,

Output level varies inversely with setting of MODULA-
TION PEAKS dial, thus providing reasonably uniform
input to distortion meter at all modulation levels. Average
output level, approximately 1.5 volts, into 100k2 load.

Residual noise and hum level will not exceed —80 db.
Auxiliary Output: A multipoint connector at the rear of the
instrumenl provides a means of connecting:

1. A remote Percentage Modulation Meter.

2. To a 600-0hm outpul for audio monitoring,

3. The Tyre 1932-A Distortion and Noise Meter,

Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60
cycles. Power input is approximately 50 watls.

Power input receptacle will accept either 2-wire (Tyre
CAP-35) or S-wire (Type CAP-15) power cord. Two-wire
cord is supplied. For 3-wire, see page 237
Accessories Supplied: Multipoint connector Tyee CAP-15
Power Cord, spare fuses, and one sel of inpul tuning coils
(specify frequency range desired).

Mounting: The instrument is relay-rack mounted.

Panel Finishes: Standard General Radio crackle. Certain
standard grays which can be processed in quantily can
also be supplied.

Dimensions: Panel (length) 19 » (height) 8% inches.
Depth behind panel, 10 inches.

Net Weight: 3234 pounds.

Type | = | Code Word | Price
1931-B Modulation Monitor (.5 10 8 Mc) ....oovvviiiniinnnnnnnn | TARRY | $625.00
1931-B Modulation Monitor (3 10 60 Mc).....ccvvviviiiinininnns TOPIC 625.00

PATENT NOTICE. See Note 15, page x

a5
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While most General Radio instruments have their
own self-contained power supplies, some have been de-
signed with plug-in power supplies for versatility and
economy, These power supplies are also useful for general
laboratory purposes because they combine small physical
size with high quality and high performance.

Most of the General Radio Unit Instruments use plug-in
power supplies. These instruments can all be operated
from the general purpose Typr 1203-B Unil Power Supply.
FFor the ultimate performance in eritical applications, the
Tyre 1201-B Unit Regulated Power Supply provides
conslanl voltage, greatly reduced ripple, and high cur-
renl ratings,

The Tyre 1205-B Adjustable Regulated Power Supply
is primarily a general purpose instrument which provides a
regulated output adjustable from 0 to 800 volts at a max-
imum current of 200 milliamperes. An unregulated unit, the
Tyre 1204-B Unit Variable Power Supply, provides 100

POWER SUPPLIES

milliamperes continuously adjustable from 0 to 300 volts.

Any of these Unit Power Supplies can be used with any
Unit Instrument. Unit Instruments in the rectangular
type of cabinel can be solidly clamped logether with the
Power Supply and can be adapted for relay-rack mount-
ing, if desired, by one of the Tyre 480-P Relay-Rack
Adaptor Panels.

The Tyre 1263-A Amplitude Regulating Power Supply
regulates the plate-supply voltage of the uhl and vhf unit
oscillators to maintain a presel oscillator outpul voltage.
This is particularly valuable when the oscillator is used for
automatic display or plotting of amplitude response data.

For the operation of some General Radio battery-
operated instruments from an ae line, the Tyee 1261-A
Power Supply is available. This supply is interchangeable
with the Tyrr BA48 (or 6TAG0) battery. Another model,
the Tyer 1262-B Power Supply, is used for ac operalion
of the Typg 1551-B Sound-Level Meter.

Type |Operated From Chutput Remarks See Page
1203-B| 115v,60c |63y, ac:300 v, de 148
1201-B| 115v.60¢ | 6.8 v, ac: 300y, de Regulated 300 v 143
1205-B| 115 v.60c | 6.3 v, ac:0to300 v, de Regulated 0-800 v; — 150 v 142
1204-B| 115 v, 60 e | 6.3 v, ac:0to300 v, de Includes Variac? 143
1261-A| 115 v, 60¢ | 1.5 0r 8 v, de: 133 v, de, open cireuil Replaces BA4S Battery 145
1262-B| 115v,60¢ | 1.2and 1.5 v, de: 69 v, de, open circuil Attaches (o Sound Level Meter 145
1263-A 115 v, 60c |6, de; 0o 250 v, de For Amplitude control on Unit 144

Oscillators

TYPE 1205-B
ADJUSTABLE REGULATED
POWER SUPPLY

The Adjustable Regulated Power Supply is a
small and compact unit for general laboratory
use. Its adjustable output voltage, excellent
regulation, high outpul, and low hum make it
suitable for the most exacting applicalions,
Output voltages are available at binding posts
on the panel and at a multipoinl connector in
the side of the cabinet. Both the de oulpul
voltage and the output current are indicated
on a panel meter.

SPECIFICATIONS

DC Output Voltage: () Lo 300 volls, continuously adjustable
at 200 ma, max.

Regulation: No load to full load. 0.1 wvolt; 0.75 volt
change for =109, change in line voltage.
120-Cycle Ripple: 1 millivolt.
Internal Impedance: Approximately 0.3 2 + 10 h.
Regulated Bias Voltage: — 150 volts, de, fixed at 5 ma, max.

voltage change, 2 volts.

Unregulated AC Voltage: £ circuits, 6.8 volts al 5a.

Meter Accuracy: Voltage, 29; current, 5%,

Input: 105 to 125 volls, 60 ¢, 250 watls.

Tube Complement: 2-6AV5-GA, 2-5727, 1-12AT7, 1-6ANS,
1-6626, 1-5651, 1-6BZ7.

Dimensions: Panel, (width) 96 x (height) 5}4. Depth be-

Regulation: No load to Tull load, 0.5 volt =109, line- hind panel, 514 inches. Net Weight: 15 pounds.
Type | | Code Word | Price
1205-B | Adjustable Regulated Power Supply ............... veeeeee | oapprLy | $290.00
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UNIT POWER SUPPLIES

Tyre 1203-B

Unit Power Supplies provide plate and
heater power for Unil Instruments. Three
types are available:

General-purpose unregulated-Tyre 1203-B

General-purpose regulated-Tyre 1201-B

Variae-controlled, unregulated - Tyre 1204-B

Tyee 1201-B

Tvyre 1204-B

All models have aluminum panels and chas-
sis, aluminum dust covers, and permanently
attached power cords. A mating plug is supplied
for connections to other equipment than Unit
Instruments. These power supplies can be oper-
ated from a 400-cycle supply for applications
where a 400-cycle filament supply may be used.

TYPE 1203-B UNIT POWER SUPPLY

Input: 105 to 125 volls, 50 to 60 ¢, 50 watts

Output: de, 380 volts open circuit, 300 volts at 50 ma. all
= 5%,; ac, 6.3 volts, 3 a.

120-Cycle Ripple: 80 millivolts

Accessories Supplied: Output plug; spare fuses.
Tube Complement: One GX4.

Dimensions: Panel. (width) 434 x (height) 54 ;
hind panel, 514 inches.

Net Weight: 5 pounds.

depth be-

Type | | Code Word | Price
1203-B Unit Power Supply, 105 L0 125 voIlS .oeuvvviarincnenne. | ALIVE $40.00
1203-BQ18 | Unit Power Supply, 210 to 250 volts ....ccvvevevievanes | ALIVERALLY 50.00

TYPE 1201-B UNIT REGULATED POWER SUPPLY
Input: 103 Lo 1235 volts, 50 to 60 ¢, 90 watts Accessories Supplied: Oulpul plug: spare fuses.
Output: de, 800 volts = 19, regulated to 0.259%,, 70 ma, Tube Complement: One each 12AX7, 6AVAGT, 5651.

max.; ac, 6.3 volts, unregulated, 4 a.
120-Cycle Ripple: Less than one millivolt.

Dimensions: anel, (width) 484 < (height) 514 ;
hind panel, 3'4 inches,
Net Weight: 6 pounds.

depth be-

Type 1 |  Code Word | Price
1201-B Unit Regulated Power Supply, 105 to 125 volts....... | AsseT $ 85.00
1201-BQ18 | Unit Regulated Power Supply, 210 to 250 volts....... | ASSETRALLY 100.00

TYPE 1204-B UNIT VARIABLE POWER SUPPLY

An adjustable d-e plate voltage supply and a fixed a-¢
heater supply, both isolated from ground and from each
other, are provided in the Tyre 1204-B Unit Variable
Power Supply. They are available at insulated panel
binding posts, and also al a multipoint  connector
mounted on the right-hand end, into which other Unit
Instruments plug directly.

The d-¢ plate supply, is obtained from a pair of
selenium reetifiers in a voltage-doubler circuit and is
adjustable down to zero by a VARIAC® control. Both
the d-¢ output voltage and the d-c load current are meas-
ured by a single switch-controlled panel meter.

Output Voltage: (1.3 volls a-c, nominal: $ amperes maxi-

Type |

mum. The d-v output voltage is adjustable from zero to
300 volts with a maximum load of 100 milliamperes,
Maximum no-load voltage, 400 volts.

Hum Level: Aboul 250 millivolts at 300 volts, 100 milli-
amperes d-¢ load; aboul 150 millivolts al 350 volts, 50
millinmperes d-c load.

Input: 115 volts al 60 cyeles; 75 watts at full outpul load.
A line connector cord is permanently attached to the
instrument.

Accessories Supplied: Outpul plug: spare fuses.

Dimensions: Panel, (width) 9% x (height) 54 ; depth be-
hind panel, 514 inches,

Net Weight: 994 pounds.

| Code Word | Price

1204-B

Ny

| Unit Variable Power Supply, 105 1o 125 volts.......... |

AGATE | $100.00
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TYPE 1263-A AMPLITUDE-REGULATING POWER SUPPLY

AUTOMATIC AMPLITUDE CONTROL FOR UNIT OSCILLATORS

In measurements by sweep methods, it is es-
sential that the amplitude of the applied sig-
nal remain constant as a function of frequency.
The Amplitude-Regulating Power Supply is
designed to maintain constant output from
General Radio Unit Oscillators and can be
used with other oscillators if their power re-
quirements are within the allowable range,
and if a de connection can be made to the
oscillator cathode circuit for supplying plate-
current control.

The power supply compares the de potential
developed by the oscillator output rectifier
with an adjustable de reference potential, and
applies a rapid correction to the oscillator
plate supply to minimize the difference. It
also supplies de power for the plate and the
cathode heater of the oscillator. Since most
oscillators are not equipped with output recti-
fiers, a crystal rectifier and appropriate con-
nectors are necessary. Recommended types
are listed in the specifications.

Owing to its very-high-speed response, the
amplitude-regulating Power Supply is particu-
larly useful when used with a Unit Oscillator
and the Type 1750-A Sweep Drive (page 149)
for oscilloscope display of amplitude-fre-
quency characteristics.

SPECIFICATIONS

General: For use with an oscillator whose output can be
controlled by varying plate voltage applied. D-C connec-
tion to oscillator eathode must be available. Can be used
with Tyres 1211-B. 1215-B, 1208-B, and 1218-A (pages
118 to 115).

Plate Supply: (-250 volts at 25 ma with a 105 (210) volt
line. With a line voltage of 115-volts (or 230), up to 300
volts al 80 ma is available.

Heater Supply: 6 volls de at 0.5 amperes al 113- or 230-volt
line. (5.4 volts at 0.7a)

R-F Output Regulation: Can he set from 0.2 to 2 volts. Oseil-
lators that ean deliver a minimum of 2 volts into 50 ohms
within stated plate-supply limitation will be regulated
within =2 percent of the preset level. Outpul change with

TYPE I263-A

AMPLITUDE—
REGULATING

POWER SUPPLY

PLATE WOLTAGE unT
-— OSCILLATOR

DUTPUT
RECTIFIER

A

TYPE
8Ta-vR

FEEDBACK

& RF OUTPUT

Block diagram of Tyre 1263-A Amplitude-Regulating
Power Supply.
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rated line-vollage variation, less than 20 millivolts.
Response Time: Plate current is changed at a rate of 80
milliamperes per millisecond.

Output Meter: Internal de vacuum-tube voltmeter, eali-
brated in terms of the rf voltage at the external output
rectifier. Internal calibration means is provided for stand-
ardization of this meter with rectifier.

Power Input: 55 walts maximum al 115/230 volts.

Power Supply: 105 to 125 (or 210 to 250) volts, (50-60
eycles). Instrument will operate satisfactorily on power-
supply frequencies up Lo 400 cyeles, provided that the
supply voltage is al least 115 volts.

Blanking: Phone-tip jacks provided. Connection o a
contactor in the Tyre 1750-A Sweep Drive cuts off oscil-

Oscillograms of output amplitude vs. frequency for

the Tyee 1209-B Unit Oscillator (250 to 920 Me¢) un-

regulated (left), and operated from the Amplitude-

Regulating Power Supply (right). Oscillator was
driven by the Tyre 1750-A Sweep Drive.
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POWER SUPPLIES

lator plate supply to eliminate vertical deflection during
the return sweep, and to provide base line.
Tube Complement: Three 12AX7, one

0A2, 6X4,

Accessories Supplied: CAP-35 Power Cord, cable for Unit
?bczllator connection. multipoint connector plug, spare
uses

Other Accessories Required: Tyrr 874-VR Voltmeter Recti-
fier, Tyre 274-NO Patch Cord and Typr 874-QN6 Adap-
tor for connecting output rectifier.

Other Accessories Available: Tyre 874-VQ Voltmeler Delec-
tor (page 50) and Tyee 874-WM 50-ohm Termination
(page 52) for use as a matched detector when frequency
response measurements are made on 50-ohm circuits;
Tyre 1750-A Sweep Drive (page 149) for automatic
operation.

Dimensions: 1314 (height) x 814 (width) x 7% (depth)
inches.

Net Weight: 1816 pounds.

each, 6V6-GT,

—

Tyre1263-A Amplitude-Regulating Power Supply sup-
plying sweep-driven General Radio Unit Oscillator.

Type | |  CodeWord |  Price
1263-A Amplitude-Regulating Power Supply ................. o SALON $295.00
874-VR Voltmeter Rectifier.......... seingTaTesARIR e G snsni siesaa] COAXRECTOR 30.00
274-NO POTERGEIE:: o o oovsoonesion S m e et S S MR e i A s STANPARGAG 3.25
874-QN6 ! Adaptor............... R e Gy veesss | COAXCLOSER 1.00

TYPE 1262-B POWER SUPPLY

Attaches to frame of the Type 1551-B
Sound-Level Meter for use in place of bat-
teries. Uses selenium rectifiers and RC filters.

TYPE 1261-A POWER SUPPLY

Interchangeable electrically and mechani-
cally with BA48 (or 6TA60) battery. For use
in place of batteries in:

Typre 720-A Heterodyne Frequency Meter

Tyre 1231-B Amplifier and Null Detector

Tyee 1550-A Octave-Band Analyzer
Line cord is detachable. Uses one 6H6 tube
and two Burgess UNI-Cell No. 2 or Eveready
No. 950 batteries.

Type Volts | Frequency | Watts | Filament Supply | Plate Supply | Dimensions | Net Weight :
cps Volts ma | Volts  ma inches pounds | Code Word|  Price
1261-A[105-125 | 40 to 400 | 10 1.5or3 | 50 | 188 | oc [10x5x2Y 734 surry  |$128.00
or
210-250 63 | 8,
max
1262-B |105-125 | 50 to 400 | 2 #1 12 | 40 [ 75 | oc |5x7Y4 x84 2l MAYOR 70.00
or
210-250 #2 12| 20| 551 88
145
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The automatic display of data on oscilloscopes and
graphic recorders has become an important factor in the
conservation of engineering manpower and time. In the
following pages are listed two types of instruments for
data-display techniques: (1) a graphic-level recorder for
frequencies up to 200 ke and (2) a group of mechanical
dial drives, which adapt manual instruments for auto-
matic sweep operation,

RECORDER

The Tyre 1521-A Graphic Level Recorder will plot the
response of electrical and electro-acoustical devices as a
funetion of frequency and the rms level of other phenom-
ena as a function of time; it can also be used as a linear
de recorder. It can be coupled mechanically to drive the
Tyre 1304-B Beat-Frequency Audio Generator and Lo the
Tyre 1554-A Sound and Vibration Analyzer or the Tyre
760-B Sound Analyzer for automatic plotting over their
respective frequency ranges.

DIAL DRIVES

The dial drives described in this section are mechanical
accessories for already existing instruments that will con-
vert them to automatic operation. Good quality, manually
adjustable instruments of most kinds can be easily
adapted for automatic display work. The vastly improved
efficiency of the converted instrument will pay for the
conversion many times over.

Sweep Drive

The most fexible of these is the Type 1750-A Sweep
Drive. Adjustable over a wide range of angular displace-
ment and speed, this device can be attached lo a lk‘:mh.
dial, or shaft to operate as a robot hand that will turn the
shaft back and forth in a preseribed manner. This sweep
drive supplies a de voltage proportional lo angle, thal
serves as a position indicator.

Synchronous Drives

The Tyer 807-R and 908-R Dial Drives can be used
to perform the same function at lower cost but with less
flexibility. Driven by a synchronous motor, each model is

Oscillograms of the frequency
characteristic of a 76-Mc Re-
jection Filter, Sweep range is
48 to 900 Me. Oscillator is
driven by the Tvee 1750-A
Sweep Drive and the Tywe
1263-A Amplitude-Regulating
Power Supply. Vertical deflec-
tion is square-law.

8

Plot of the frequency response
of a public-address system
made on the Ty 1521-A
Graphic Level Recorder, which
was coupled mechanically to

RESPONSE IN DB

RECORDERS ANL

FHEGUENCY (W SYELES FEW SECOND

Graphic record of the frequency response of a tape

recorder. Source was a Tyre 1304-B Beat-Frequency

Audio Generator, driven by a Tyre 908-R96 Dial

Dirive, The vertical line at 100 cycles is the frequency
calibration reference.

restricted Lo one speed. The low-speed models are designed
for only one traverse without resetting and do nol reverse.
The Tyee 908-P1 and 908-P2 Synchronous Dial Drives
are extremely simple drives. To achieve the lowest pos-
sible cost, consistent with utility, they depend upon the
known constant-speed characteristic of the synchnnns
motor to supply position information. They can be set to
cover different angles of dial rotation, and they reverse
automatically to yield an oscillating motion.

SLOTTED-LINE DRIVE

The Tyre 874-MD is a motor drive specifically designed
to attach to the Tyer 874-LBA Slofted Line. This drive
can be sel to provide reciprocating traverse over a wide
range of horizontal displacements at continuously ad-
justable speeds. Like the Type 1750-A Sweep Drive it
provides position information from a de voltage developed
neross & potentiometer ganged to the probe carriage,

AMPLITUDE CONTROL

An essential characteristic of sweep oseillators, in par-
ticular, is constaney of output with frequency. The Type
1268-A Amplitude Regulating Power Supply, when used
with General Radio Unit Oscillators, provides a means
of maintaining constanl output.

Type B See Page
1521-A Graphic Level Recorder ........ 147, 8
1750-A Sweep Drive ....covviennnnnnn.. 149, 50
907-R Dial Drives,.i«ionissszanansasis 152
908-R Dial DRves . ; vosis svoe niivstss 152
908-P Synchronous Dial Drives ..... .. 131
1263-A Amplitude Regulating Power

SUPPIY o5y cveneethasevannrta 144
874-MD Slotted-Line Motor Drive ... .. 44

drive the frequency dial of the
Tyre 1304-B  Beat-Frequency
Audio Generator.

146

]
FREQUENCY IN CYCLES PER BECONT
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RECORDER

TYPE 1521-A GRAPHIC LEVEL RECORDER

USES: The Graphic Level Recorder plots linearly in
decibels the rms level of ac voltages from 20 cyeles to
200 ke. It produces permanent ink records of the response
of electrical or electroacoustic devices and systems as a
function of either frequency or time. Owing Lo the high
stability of its reference voltage and amplifier gain, it
can be used as a recorder of absolute level.

For frequency-characteristic measurements, the paper
drive can be coupled to the frequency-control shaft of an
oscillator or analyzer to yield a permanent record with
a minimum expenditure of time and effort. For measure-
ments of level as a function of time the writing speed is
sufficiently high for the measurement of reverberation time
and other transient phenomena.

"The combination of the recorder and the Tyre 1304-B
Beat-Frequency Audio Generator produces records having
a true logarithmic frequency scale and is ideal for plot-
ting frequency characteristics of analyzers, recording sys-
tems, networks, filters, and equalizers, as well as of loud
speakers, microphones, vibration pickups, and other trans-
ducers.

The combination of the recorder and either the Tyre
1554-A Sound and Vibration Analyzer or the Tyrr 760-B
Sound Analyzer makes possible automatic analysis of
sound spectra, and response measurements on nelworks
excited by white noise.

The wide range of paper speed facilitates long-period
studies of the noise produced by traffic, office machinery,
industrial processes and potential hearing-damage condi-
tions, as well as of short-duration transients,

Accessory potentiometer units are available for a wide
variety of scales for ac recording. They are supplemented
by a linear potentiometer which converts the instrument
from a level recorder to a general-purpose de recorder.
DESCRIPTION: The Tyre 1551-A Graphic Level Recorder
is a completely transistorized single-channel, servo-type
recorder. It produces a strip-chart record with ink on
white paper, suitable for reproduction.* The pen is at-
tached to a coil which moves linearly over a 4-inch dis-
tance in a uniform magnetic field. A contact attached to
the coil rides on a straight potentiometer which serves
as Lhe balancing element for the servo. The position of the
contact is determined by the input signal, and the ex-
ponential potentiometer characteristic produces a linear
db seale.

* See sample record on page 146,

The detector circuit, which has essentially rms response
(“quasi-rms”)t, rectifies the input signal. For all com-
monly encountered waveforms, including multiple sine
waves, random noise and rectangular waves of duty ratio
greater than 50:1 the response very closely approximates
true rms. The detector operates at a level of one volt, and
an ac amplifier with a gain of 1000 produces an input. sensi-
tivity of 1 mv at the zero db level. This sensitivity can be
decreased in accurate 10 db steps over a 60 db range by
the input attenuator.

The difference between the detector output and a one-
volt reference derived from a Zener diode is amplified by
a stable de amplifier and used to position the coil Whil‘fl
carries the potentiometer contact and pen. A velocity-
feedback coil mounted on the drive-coil frame provides
appropriate damping.

Careful design has made it possible to maintain both
a high writing speed and the largest servo bandwidth con-
sistent with a frequency response extending downward to
20 cycles without exceeding a 1-db overshoot. Writing
speeds of approximately 1, 8, 10, and 20 inches per second
are SE]ECLEE{:’. by a single switch withoul auxiliary adjust-
menl of low-frequency cut-off or damping.

Changes of the recording range are easily accomplished
by interchanging for the 40-db potentiometer supplied as
standard equipment either 20-db or 80-db potentiometers
as desired. With the 80-db potentiometer the maximum
writing speed becomes 400 db/second, making possible
measurement of reverberation times as short as 0.3 second.
The slow writing speeds are provided to filter out abrupl
level variations, yielding a smoothed plot. Careful analysis
and control of factors influencing dynamic behavior make
possible this smoothing without loss of accuracy.

Terminals are provided for an external de reference
voltage, which can be substituted for the 1-volt internal
de reference. The recorder will operate properly over a
3:1 reference-voltage range (0.5 to 1.5 volts). If this
reference voltage is derived from the source of energy
in the system under test, variations of up to 3:1 in the
source output can therefore be eliminated from the re-
cording.

For de recording the potentiometer, ac amplifier, and
detector are removed from cirenit. The linear potenti-

t E. E. Gross, "Improved Performance Plus a New Look for the
Sound-Level Meter,” General Radio Experimenter, 32, 17, October,
1958.
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RECORDER

ometer, in this method of connection, provides a balane-
ing voltage in series with the mpu! voltage, and the
combined voltage is balanced against Lhe 1-volt reference.
A single 0.8-voll range at a 1000-chm input-impedance
level makes the instrument interchangeable with the nsual
direct-writing strip-chart recorders.

FEATURES:

# High inpul sensitivity.

» Calibrated in absolute level.

Wide inpul frequency range.

Fast writing speed with optimum ballisties.

Simple Lo operale.

RMS delector,

Mechanical coupling availuble for driving oseillator
or analy zer.

» Interchangeable logarithmic polentiomelers.

» Easily converted to de linear recorder.

» Completely transistorized.

yYeeYy vy

SPECIFICATIONS

Input Frequency Range: 20 ¢ps Lo 200 ke, for level recording:
servo bandwidth, de to 10 eps.
Input Range: (0 to 40 db for level recording (20-db and
80-db potentiometers are also available); 0-0.8 volts (al
1000 ohims) full seale for de recording with zero inpul posi-
tion adjustable over full scale.
Accuracy: Potentiometer balances within 0,59, of full scale.
Maximum Sensitivity: 1 millivolt at 0 db for Iru-l recording;
0.8 volts full scale for de recording,
Moximum Input Voltage: 100 volts ac,
Input Impedance: 10,000 ohms for ac level recorder
1000 phms for de recorder

Spoerls 2.5 inches per minute to 75 inches per
minute. A slow-speed motor to provide speeds of 2.5 1o
75 inches per hour is available as an accessory.
Writing Speed: 1, 3, 10, or 20 inches per second (approxi-
mately ), with overshoot less than 1 db.
Detector: Quasi-rms; within 0.25 db of rms for multiple

sine waves, S(uare wiaves, or noise.

Chart: 4-inch recording width on 5-inck paper. All charts
have 8 major divisions, 40 total divisions on vertical seale.
Transistor Complement: 12-2N160A, 4-2N321, 2-2N301, 1-
2N235A.

Accessories Supplied: Spare fuses, power cord, 2 pens, 2-0z.
bottle of ink, 40-db pot, 1 roll of CTP-305 paper.

Accessories Available: Potentiometers, charts, ink, slow-speed
motors, and link units; as listed in price table.

Power Supply: 105 to 125 (or 210 Lo 250) 60 cycles, 35 walls.
Si-eyele models are available, see price list below.

Power input receptacle will accept either 2-wire (Tyre
CAP-35) or 3-wire (Tyre CAP-13) power cord. Two-wire
cord is supplied. For S-wire, see page 237.

Dimensions: (Height) 9 x (width) 1914 x (depth) 144
inches, over-all, Available for bench or relay-rack mount-
ing.

Net Weight: 50 pounds.

Type Code Word Price
1521-AR | Relay-Rack Model, for 60-cycle supply.................... AGENT i
1521-AM | Bench Model, for60-1:yclesupply.......................... ASTER b
1521-ARQ1 | Relay-Rack Model for 50-cycle supply.........cccivniiees| AGENTRABID i)
1521-AMQ1| Bench Model, for50-cyclesupply.......................... ASTERRABID 1

PATENT NOTICE. Sve Note 18, page x.
POTENTIOMETERS FOR OTHER RANGES
1521-P1 20-db Potentiometer ........cooveiuens SR T e S R FACET I
1521-P3 80-db Potentiometer ..........cvvviiinniiriiinriins T S FELON
1521-P4 Linear Potentiometer, for de recording ............. 0,8 LTt O o Y FAUNA t
CHARTS
CTP-501 Calibrated 20 c¢ps—20 ke, logarithmic, in 9 inches, repeating every
12 inches along time axis; for use with Type 1304-B Beat-
Eraneasicy CMEIIOIOY, o 8ivs b irtoicnsas itantnpabanis mcitndiinyist LOGARCHART $2.30*
CTP-505 Linear time base, 1 division = ' inch; for ac or dc records as a
R AT o o P e LINALCHART 2.30*
CTP-516 Calibrated 25-7500 cps in Y decade segments, scale 2% inches|
‘ long, spaced for continuous rotation of analyzer knob; for use
‘ with 'I'e]:re 760-B Sound Analyzer. .......ocoiciniiniiiiiaiiiannns SOUNDCHART 2.30*
CTP-554 | Calibrated 25-25,000 cps along time ums, for use with 'I’ype
‘ 1554-A Sound and Vibration Andlyzer: ociniinae LheaieeE ANNALCHART 2.30*

All charts are 5 inches wide and have 8 major divisions on a 4-inch vertical scale with 40 total divisions.
feet. All may be used with any polentiometer.

Roll length 100

INK (red)
1521-409 2-ounce bottle ........ G Ty P s SRR A Gla el INKAL $0.85"
1521-409-2 15-00nce BOE:, o i ivi i iiibver samnavi duss asame it ows n iss crssbs sy INKER 3.00*
* Subject o quantity discounts,
MOTORS FOR LOWER CHART SPEED
1521-P20 (60 cycles) for paper speeds of 2.5-75 inches/hour................. PASTY f
1521-P22 (50 cycles) for paper speeds of 2.5-75 inches/hour................. PERIL 1
DRIVE AND LINK UNITS FOR COUPLING TO OSCILLATOR AND ANALYZERS
1521-P10 Drive Unit to operate all link units . .........covviviiiiiiinrinnns PUPIL f
1521-P11 Link Unit for coupling to Type 1304-B. ... .....cccviverrnirannninans PRIOR t
1521-P12 Link Unit for coupling to Type 760-B..... PR LIS 5 ope bt gad Bl PUPPY T
1521-P13 Link Unit for coupling to Type 1554-A .....0voiivenranniieiininnans PUTTY i

t Prices not available at time of printing
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SWEEP DRIVE

TYPE 1750-A SWEEP DRIVE

FOR WIDE-RANGE

AUTOMATIC

DATA DISPLAY

USES: Measurements by sweep methods over
wide frequency ranges are made possible and
practical with the Type 1750-A Sweep Drive,
which adapts manually-operated equipment to
sweep operation. It can be used in the display
of any electrical quantity as a function of the
shalt angle of the device being swept and can
be nd]uxlcd to sweep In reciprocating motion
any arc up to 300 degrees, at speeds up to 5
per second. Its universal coupler attaches
easily to any knob, dial, or shaft. Used in con-
junction with Unit Oscillators (see page 109),
it makes available an extremely versatile sys-
tem of swepl signal sources covering a fre-
quency span from 0.5 Mc¢ to 2000 Me. For a
constant output over the enlire frequency
range of any one of the Unit Oscillators, the
Type 1263-A Amplitude Regulating Power
Supply is used. (See page 145). Provision is
made in the Sweep Drive for the generation of
deflection voltages for a cathode-ray osecillo-

Production testing a crystal filter for i-f shaping.
The filter operates at 13 Mc and has a 30-ke band-
width. The sweep frequency is supplied by the Tyee
805-C Standard-Signal Generator, whose slow-
motion dial is driven by the Tyee 1750-A Sweep

Dirive. Courtesy Hyeon Eastern

POuITEN

scope, to present visual displays of circuil
characteristics.

DESCRIPTION: The Sweep Drive is powered by
a small motor, which drives the output shaft
through an adjustable rack and a differential.
Sweep frequency is determined by the motor
speed, sweep arc is determined by the adjust-
able rack, and sweep center position is con-
trolled through the differential. All adjust-
ments can be made while the drive is in motion.
An adjustable limit switch can be set to stop
the drive when predetermined limits of motion
of the driven shaft are exceeded. The limits
can be sel up to nine full turns of the driven
shaft. Any 300-degrees of the nine-turn range
can be swepl at one setting of the sweep-arc
control. Other 800-degree arcs may be swept
by varying the center position control.

An oscilloscope-deflection-voltage  circuit
provides a horizontal deflection voltage that

L
o

View of the coupling attachments furnished with

the Sweep Drive. At left is the coupling shaft, to

which has been attached the universal clutch, The

other views show the cluteh and the clutch attached
to a knob.
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SWEEP DRIVE

is proportional to shaft angle. A blanking cir-
cuit is included to eliminate the oscilloscope
return trace, and produce a base line.

FEATURES:

» Adapts manually operated equipment for
automatic data presentalion.

» Can be attached to any dial, shaft, or knob.
» Three dials adjust sweep speed, sweep are,
sweep center while the drive is in motion.

» Generates horizontal deflection voltage
proportional to shaft angle.

» Adjustable limit switches protect against
exceeding pre-set limits of shaft travel.

Characteristic of a
television front-end
tuner sel o channel
Tisweep range is 160
to 200 Mc; vertical de-
flection is square law.

» Provides a constant-output swept oscillator
when used with Unit Oscillator and Tyre
1263-A Amplitude Regulating Power Supply.
» Brings sweep techniques to the laboratory
or production line at minimum cost.

SPECIFICATIONS

Reciprocating Output Shaft:

Center Position: Adjustable over 9-turn range.

Sweep Are: Adjustable 30-300 degrees.

Torque: Rated max. 24 ounce-inches. Will drive all
variable-frequency Unit Oscillators and General Radio
Standard-Signal Generators.

Sweep Speed: Adjustable 0.5-5 cyecles per second.
Moment of inertia limits the speed at which a load can
be driven.

Height of Shaft; Adjustable from 214-474 inches over
bench.

Flexible Coupling: 53 inches long.

Provision for Coupling: Shaft diameters, 14 and 3§

inches; knobs and dials, 1 to 4 inches. Continuously
adjustable.

Limit Switch: Adjustable within 9 turns.

Sweep Voltage: 2.5 volls peak to peak, ungrounded.

Blanking: Shorting contact closed during clockwise rola-
tion of driven shaft, ungrounded.

Accessories Supplied: Couplings, tube of lubricant, spare
fuses.

Input Power: 105-125 volts, 50-60 cyecles, 60 watls maxi-
mum. 210- to 250-voll model also available. See price list,
Dimensions: 179" wide, 9" high, 814" deep.

Weight: 2215 pounds.

Type B | Code Word | Price
1750-A Sweep Drive (115 volts, 50-60 cycles) .................. STUDY $460.00
1750-AQ18 | Sweep Drive (230 volts, 50-60 cycles) ........... Ly STUDYREPEL 495.00
For a complete sweep system for use with a Unit Oscillator, as illustrated below, add the following:

Type E g Page
1263-A Amplitude-Regulating Power Supply........cccoiviiiiiiiiiiiiiiiiiinnnn.. 145
874-VR Voltmeter Rectifier ........ B e e IR RSP aNE v b Ty PP T 50
274-NO Patch Cord.......... RS SRR S SRS PIR Cis e v esn s axasssvgmee ]| EOT
874-QNé6 Adaptor,ciidiiessiinienine 236
874-vQ Voltmeter Detector™ ....... . 50
874-WM 50-ohm Termination* ........... T e FYUNN W e BT A 52

* Used when 60-ohm systems are measured, to reetify the output of the network under test and to provide vertieal deflection voltage.

150

Tyee 1750-A Sweep Drive and the Tyre 1263-A Ampli-
tude Regulating Power Supply set up to sweep a
Tyee 1209-B Unit Oscillator, thus providing a con-
stant sweep output over a frequency span of 250
Me to 920 Mec. The equipment shown here is listed
above, with the exception of the oscillator.

AUTOMATIC SWEEP DRIVE
FOR THE SLOTTED LINE

For the automatic sweeping of the slotted-
line, which is used in VHF and UHF meas-
urements, see page 45.
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DIAL DRIVES

AUTOMATIC DIAL DRIVES

Sweeping techniques that utilize oscillo-
scopes for visual indications and recorders
for permanent records are becoming more and
more popular. An inexpensive solution to
adapting manually-operated equipment to
sweep operation is the Typg 908-P Synchronous
Dial Drives or the Types 907-R and 908-R

Dial Drives. For equipment that uses Tyre
907 or 908 Dials, these dial drives replace the
knob with a motor drive directly. For equip-
ment that does not use Type 907 or 908 Dials,
replacing the original dial with a Tyre 907 or
908 (see page 232), will make the shaft sweep-
able with these Drives.

TYPE 908-P SYNCHRONOUS DIAL DRIVES

7o

USES: Two synchronous dial drives, differing
only in speed and torque outpul, are available
for use on all Tyre 907 and 908 Precision Gear-
Drive Dials. The Type 908-P1 is intended for
use with a graphic recorder, since its synchro-
nous motor supplies a convenienl lime base.

The Tyre 908-P2 with a higher speed, although
also useful with a recorder, is particularly
suitable (on low-torque instruments) for
limited sweep applications using an oscillo-
scope with a long-persistence screen for visual
display.

DESCRIPTION: The dial drives have a synchro-
nous moltor that reverses its direction when-
ever it encounters a mechanical stop. To limit
the sweep range Lo a value less than that pro-
vided by the built-in dial stops. adjustable
stops that attach to the dial are provided.
A pinion gear on the output shaft, a disengage
lever, and a power switch and cord are provided.

SPECIFICATIONS

SPEED:
Type | Pinion. | 908 Dinl | 907 Dial
908-P1 4 RPM 4/15 RPM or 410 RPM or
295 secs/ rev 150 sees, rev
908-P2 | 50 RPM 2 RPM or 3 RPM or

30 secs/rev 20 sees/rev

On logarithmie frequency dials used on Tyees 1304
and 1303-A Oscillators, the sweep Limes are as follows:

908-P1 50 sec/frequency decade or 15 sec/octave.

908-1"2 624 sec/frequency decade or 2 sec/oclave.

These data are for fi0-cycle operation. Multiply speeds
by % for 50-cycle operation.
Torque at Pinion: 908-P1 3-inch ounces: H08-P2 24 inch-
ounce. Tyre 908-P1 will drive the following oscillators:
Tyres 1208-B, 1209-B, 1200-BL, 1211-B, 1215-B, 1210-C,
1330-A, and 1304-B. It will also drive the Tyre 1218-A,
but the life of the drive is reduced. Tyre 908-P2 will
drive the Types 1209-B, 1200-BL. 1210-C, 1211-B,
1215-B, and 1304-B very satisfactorily. It is not recom-
mended for use with Type 1208-B. It will not drive the
Tyre 1218-A.

Power Supply: 105 to 125 volts, 50-60 eyeles.
Dimensions: 3 °j-inch diameter x 3 inches deep, over-all,
excluding power cord. Weight: 1 pound, 3 ounces.

Tyer 908-P2 Synchronous Dial Drive mounted on a
Tyer 1304 Beat-Frequeney Audio Generator.

Type ] I Code Word I Price
908-P1 Synchronous Dial Drive ........ccccviviiiiininiiininnnn. SYNDO $29.00
908-P2 Synchronous Dial Drive ...........ccociiiiiiiiiiiniiiinna. SYNKA 29.00

DIALS FOR USE WITH THESE DRIVES — See page 232 for Tyre 907 and 908 Gear-Drive Precision Dials.
(1T oh
1
a0 [L‘_ > T o _,%u, ~ 1% Frequency characteristic of
e =} T S = 9 g small loudspeaker, driven
r : Y — © by Tyee 1210 Unit RC Os-
00 60 cillator and Tyee 908-PIl
o 1 3he afhe ™ ol (e she 2 Dial Drive.
151
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DIAL DRIVES

TYPE 907-R AND 908-R DIAL DRIVES

Tyre 907-R Dial Drive mounted on a Tyee 1208-B
Unit Oscillator,

USES: In automatic recording it is desirable
to have a sweep voltage proportional to shaft
position. This sweep voltage is used to drive
the independent variable axis of an x-y plotter
or an oscilloscope, or a separate channel on

a single-axis recording system. These dial
drives include a potentiometer to supply this
sweep voltage. In oscilloscope work, because
of the relatively slow sweep speeds, oscil-
loscope tubes with long-persistence screens
(P-7 phosphor) should be used.

DESCRIPTION: The higher-speed models oper-
ate with a self-reversing synchronous motor
in the same way as the Type 908-P Syn-
chronous Dial Drives. The lower-speed models
drive the dial in a counter-clockwise (increas-
ing frequency on GR oscillators) direction
only. A friction clutch is supplied to prevent
damage if the motor is permitted to run after
the dial has reached its stop. The synchronous
motors used in these drives provide a con-
venient time base for recorder plots.

When mounted, the drive motor may be
disengaged from the dial for manual opera-
tion of the instrument with a direct-coupled
knob on the dial drive. This knob is also used
to center the potentiometer about any dial
setting.

For use with a wide range of d-¢ output
levels, and, therefore, with a wide variety of
recorders, binding posts are provided for the
insertion of a selected d-c supply voltage to
the drive potentiometer. Binding posts are
also available for the position signal output.
A power switch and cord are included.

SPECIFICATIONS

Power Supply: Motor: 105-120 volts, 50-60 cycles, 3 watts.

Potentiometer, see below.

Dimensions: 907-R 4 (diameter) x 374 (deep) inches.
908-R 5% (diameter) x 87% (deep) inches.

Weight: 907-R one pound, 11 ounces.

908-R two pounds.
Note: Data are for 60-cycle operation. Multiply speeds
by % for 50-cycle operation.

Cenler-tapped Mazx
Pinion Dial Potentiometer Potentiometer Reso-
Type Dial Speed Speed Rotation Resislance Current lution
907-R18 907 | 4 RPM 18°/min | CCW 20 kQ 10 ma 0.4°
907-R144 | 907 | 4 RPM | 144°/min | Self-reversing 20 ko 10 ma 0.4°
908-R12 908 | 4 RPM | 12°/min | CCW 50 kQ 10 ma 0.2°
908-R96 908 | 4 RPM 96°/min | Self-reversing 50 k@ 10 ma 0.2°

The Tyre 807-R18 and -R144 will drive the following in-
struments: Tyres 1210-C, 1208-B, 1209-B, 1209-BL,

1554-A. The Tyre 908-R12 and -R96 will drive Tyres
1211-B, 1215-B, 1218-A, 1001-A, 1021-A, 1304-B, 1330-A.

Type l I Code Word I Price
907-R18 Dial Drive ........ccovvveenens BT B W EARLY $55.00
907-R144 DIl DRIVE s S e et R e e EDUCE 55.00
908-R12 Dial DEVE. ..cvosivmsssiranovsys R I " EGRET 55.00
908-R96 DOl DrIVe v iss s sinsicissansdid sasvhanned A e EJECT 55.00

DIALS FOR USE WITH THESE DRIVES—See page 232 for Type 907 and 908 Gear Drive Pre-

cision Dals.
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RESISTORS

ecause of accuracy of adjustment, long-

time stability, low and uniform tempera-
ture coefficient, and relative immunity to
ambient humidity conditions, the wire-wound
resistor is the most suitable type for use as a
laboratory standard at audio and low-radio
frequencies, as well as at de. In the resistance
range from a fraction of an ohm to about one
megohm such resistors have been developed
to a high state of refinement through im-
provements in resistive alloys and in design
and manufacturing techniques. The wire-
wound resistors in the form of fixed elements,
individual decades, and decade assemblies
(“decade boxes™) described on the following
pages are designed for a-c use as well as for d-c.

Resistors designed for a-c use differ from
those intended for use only at direct current
in that low series reactance and constancy of
resistance as frequency is varied are impor-
tant design objectives. Inevitably, resistors
have capacitance and inductance associated
with them, and these residual reactances be-
come increasingly important as the frequency
is raised, acting to change the terminal resist-
ance from its low-frequency value.

For frequencies where the resistance and
its associated residual reactances behave as
lumped parameters, the equivalent circuit of
a resistor can be represented as shown in
Figure 1. The inductance L is the equivalent
inductance in series with the resistance, while
the capacitance (' is the equivalent capaci-
tance across the terminals of the resistor.

To analyze the behavior of the equivalent
circuit as frequency is varied, it is necessary
to differentiate clearly between the concepts
of equivalent series and equivalent parallel
circuits. The two-terminal circuit of Figure 1
can be deseribed as an impedance, R, + jX,,

1
iX,

oras an admittance, G 4+ jB ( = ‘% HL
.

wherein the parameters are a function of fre-
quency. This distinction between series and
parallel components is more than a mathe-
malical exercise—the use to which the re-

]P‘wuns 1. Equifva- R L

ent circuit of a _VW\J—\Q.QQQI"‘ o

resistor showing

the residual im-

pedances associ-

ated with the
resistance.

n:;

sistor is put will frequently determine which
component is of principal interest.

The expressions for the effective series re-
sistance (R,) and the effective series reactance
(X,) of Figure 1 are:

R, - B
[1-(%)2]24»(&»0)”
AL (R)] )
[1 = (gﬁ)‘]‘ + (RuC)*

where 1 [ 27 77
wu=mand(w—a) = w'LC (3)

l The effective parallel components are given
AR 1

1
- - (4)
R, R[l+w(LYJ
R

Bz—‘l:w(»‘—

1
£ (5)
.11 2
’ M{I+l(R)]
w2 IJ

At frequencies sufficiently low thal terms
involving the square of frequency are negligi-
ble, the resistor may be represented by a
two-element network consisting of the d-¢ re-
sistance, R, in series with an inductance equal
to L — R?C or in parallel with a capacitance

(1)

X, (2)

L ;
equal to €' — —. Because of the presence of the
R?

R? term in the equivalent reactive parameters,
shunt capacitance is the dominating residual
for high values of resistance, while for low
values of resistance the series inductance in-
variably predominates.. It is, in facl, a com-
mon fallacy to speak of “non-inductive' re-
sistors in resistance values where shunt
capacitance controls, and variations in induct-
ance of the winding can have no significant
effect on the reactive component.

In the simplified circuit deseribed above,
the effective parallel resistance of a resistor
in which shunt capacitance dominates would
be independent of frequency. Actually, other
effects may cause the parallel resistance to
decrease with frequency. For example, dielec-
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Ficure 2. Phase angle as a function of frequency for
a General Radio mica-card resistor and for three
commercial wire-wound types.

Iric losses in the shunt capacitance, C, of Fig-
ure 1 are equivalent to a resistance

1
Ri= ——
DuwC
which decreases with increasing frequency

and causes even the parallel resistance to de-
crease rapidly beyond a certain frequency.
That portion of the shunt capacitance, C,
which is distributed causes a similar rapid
decrease in resistance, even if its dielectric
loss is negligible.

General Radio wire-wound resistance ele-
ments are designed to minimize inductance in
low-resistance values and to minimize capaci-
tance for high values of resistance. All units
up through 100 ohms utilize a so-called Ayr-
ton-Perry winding, in which each resistor con-
sists of two parallel windings of opposed
direction, so that the current flow in the two
windings is in opposite directions. The external
magnetic field, as a result, is effectively can-
celed so that, typically, the residual inductance
of such a winding is of the order of 19 of the
inductance of a corresponding single winding.

Elements having 200 ohms resistance or
higher are unifilar-wound on their flat rec-
tangular “cards”. The inherent phase angle of
these resistors is substantially lower than thal
obtained with so-called “‘non-inductive” spool-
wound resistors commonly used commercially.

Wire-wound resistors of these types exhibit
a negligible frequency error in resistance up

154

to about 500 ke, for values of resistance up lo
500 ohms, and only moderate errors at one
megacycle.

When assembled into decades, these resist-
ors have added to their own residual imped-
ances those of the swilches, wiring, and cab-
inet. The equivalent circuit is then that of
Figure 3, which represents a single decade of
the 510 type. For assemblies of such decades
in the Tyre 1432 Decade Resistor the same
circuit is still valid. The incremental induet-
ances of the several decades in the circuit are
additive, but the capacitance is approximately
that of highest decade in use. Typical values
of the residual impedances for the various
types of General Radio resistors are given in
the specifications for each type.

It should be noted that the effect of the
residual reactance depends greatly upon Lhe
way Lhe resistor is connected into a ecircuil.
Reactances can often be tuned out, particu-
larly in parallel circuits. 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 circuit
element, the upper limit of frequency for a
given error is some 10 times higher than for
the series connection.

Probably the best known resistance alloy is
manganin, used for over half a century in the
manufacture of precision resistors. This old
established alloy is still the most suitable for
low values of resistance. For higher values,
where small-diameter wire is required, more
modern, proprietary alloys have been demon-
strated to be superior. Such alloys are charac-
terized by low, positive temperature coeffi-
cients, substantially constant over a wide
range of temperature. They have, in addition,
negligible thermal emf against copper, high
tensile strength, relative immunity to the
effects of humidity and atmosphere, and are
relatively insensitive to strain. These newer
alloys are used in all GR precision resistors
of 40 ohms and above.

feune 3. Equiva-
lent circuit of a
resistance decade,
showing location
and nature of
residual  imped-
ances.
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RESISTORS

TYPE 1432 DECADE RESISTOR

USES: Accurate decade resistors are necessary
wherever electrical measurements are made.
They are used in circuits where a wide range
of resistance values is required or where varia-
ble dummy generator and load resistances are
needed. The accuracy of Typre 1432 Decade
Resistors easily meels the requirements of
these applications and also permils them to be
used as laboratory standards and as ratio arms
for direct- and alternating-current bridges.

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

General Radio decade resistors are Lhe
standard of the industry. They have been
manufactured continuously since 1915 and
have been constantly improved in accuracy,
stability, and appearance through the use of
the finest available materials and manufac-
turing techniques.

DESCRIPTION: The Tyrpe 1432 Decade Re-
sistor is an assembly of Type 510 Decade-
Resistance Units in a single cabinet. Mechan-
ical as well as electrical shielding of the unils
is provided by the attractive aluminum cab-

inet and panel, which completely enclose both
the resistance units and switch contacts. The
resistance elements have no electrical connec-
tion to the cabinet and panel, for which a
separate shield terminal is provided.

Three-, four-, and five-dial decade assem-

blies are available. Each decade has eleven
contacl studs and ten resistance unils, so
that the dial values overlap. Positive delenl
mechanisms in  conjunction with bar-type
knobs permit the operator Lo sense the posi-
fion of the switches without looking at the
panel.

FEATURES:

» Low zero resistance
per decade.

» High accuracy—0.059, for most decades.
# Low temperature coefficient of resistance.
» Negligible thermal emf to copper.

» Resistors are adjusted to specified values al
their own terminals rather than at the box
terminals, so thal resistance increments are
always correctly indicated.

» Residual reactances are small and are given
in the specifications so that approximale fre-
quency characteristics can be computed.

less than 0.002 ohm
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7

SPECIFICATIONS

Frequency Ch isties: Similar to those of individual
Tyee 510 Decade Resistance Units, modified by the
increased series inductance, Ly, and shunt capacitance,
C, due to the wiring and the presence of more than one
decade in the assembly. Al total resistance settings of
approsimately 1000 ohms or less, the frequency charac-
teristic of any of these decade resistors is substantially
the same as those shown for the Type 510 Decade-
Resistance Units in the plot on page 158. At higher
settings, shunt capacitance becomes the controlling
factor, and the effective value of this capacitance de-
pends upon the settings of the individual decades. See
Residual I'mpedances below, and Figure 3, page 154.
Residual Impedances:

Zero Resistance (Ry): Less than 0.002 ohms per dial at
de; 0.04 ohms per dial at 1 Me; proportional to square
root of frequency at all frequencies above 100 ke.

Zero Inductance (Ly): 0.10 gh per dial.

Effective Shunt Capacitance ((): This value is deter-
mined largely by the highest decade in use. With the
LOW terminal connected to shield, a value of 15 to 10
puf per decade may be assumed, counting decades down
from the highest. Thus, if the third decade from the top
is the highest resistance decade in circuit (i.e., not set at
zero) the shunting terminal capacitance is 15 1o 30 upf,
If the highest decade in the assembly is in use, the effec-

tive capacitance is 15 to 10 puf,
settings of the lower-resistance decades.
Temperature Coefficient of Resistance: Less than =0.0029%, per
degree Centigrade at room temperatures, except for the
0.1 @ decade, where the box wiring will increase the over-
all temperature coefficient.

Type of Winding: See specifications for Typre 510 Decade-
Resistance Units, page 158.

Accuracy of Adjustment: All resistors are adjusted at de
within =0.05%, of the stated value al their Lerminals,
except the 1-ohm units, which are adjusted within
=().15%,, and the 0.1-ohm units, which are adjusted
within = 0.59.

Maximum Current: See specifications for Tyre 510 Decade-
Resistance Units, page 158. Values for 40° C rise are
engraved on panels directly above switch knobs,

Terminals: Jack-lop binding posts sel on General Radio
standard 34-inch spacing. Shield terminal is provided.
Mounting: Aluminum panel and cabinet.

Dimensions: Width, 4%, inches; height, 4'Y, inches;
length, 10%, inches for 3-dial, 13 inches for 4-dial, and
15%4 inches for 5-dial box.

Net Weight: Tyer 1432—A. C, F, 4 pounds. 2 ounces;
Tyee 1432—J, K, L, Q. 5 pounds, 4 ounces; Tyre
1432—M, N, P, 6 pounds, 5 ounces.

regardless of the

No. of Type 510
T'ype Resistance Dials | Decades Used | Code Word Price
1432-F 111 ohms, total, in steps of 0.1 ohm 3 |A,BC pELTA | $68.00
1432-K 1,111 ohms, total, in steps of 0.1 ohm 4 A B,CD DEFER 92.00
1432-C 11,100 ohms, total, instepsof 10 ohms | 3 |C, D, E DEBAR 78.00
1432-) 11,110 ohms, total, in steps of 1 ohm 4 |B,C,D,E | bpEBIT 100.00
1432-N 11,111 ohms, total, in steps of 0.1 ohm 5 |ABCDE| peEmON 116.00
1432-L 111,100 ohms, total, in steps of 'IO ohms | 4 |C,D,EF DECAY 106.00
1432-M| 111,110 ohms, total, in steps of ohm 5 |B,C,D,EF| pemir 128.00
1432-A |11 'IO 000 ohms, total, in steps of 1000 ohms | 3 |EFG DEMUR 98.00
1432-Q 1,111,000 ohms, total, in stepsof 100 ohms | 4 |D,E F G DEPOT 121.00
1432-P l,l 11,100 ohms, total, instepsof 10 ohms | 5 |C,D,EF G| DETER 143.00

Interior view of Tyee 1432-Q Decade Resistor,
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TYPE 510 DECADE-RESISTANCE UNIT

USES: Because of their accuracy, compactness,
and sturdy construction the Tyre 510 Decade-
Resistance Units are ideal for assembly into
production test instruments, bridges, and
other experimental and permanent equipment.
They are particularly useful in applications
where only one or two decades are needed,
or where a Tyre 1432 Decade Resistor can-
not be mounted conveniently. In many cases
the use of these units will release for general
laboratory work relatively more expensive
decade resistors, that would otherwise be
tied up for long periods of time in experi-
mental equipment.

DESCRIPTION: Winding methods are chosen
(o reduce the effects of residual reactances.
The 1- and 10-ohm steps are Ayrton-Perry
wound on molded phenolic forms especially
shaped and heat treated to minimize aging
effects. The 100-ohm steps are Ayrton-Perry
wound on a form of silicone-fiberglas laminate.
The 0.01- and 0.1-ohm steps are straight wire
and hairpin-shaped ribbon, respectively, while
the 1000-, 10,000-, and 100,000-ohm steps are
unifilar wound on thin mica cards.

Fach decade is enclosed in an aluminum
shield, and a knob and etched-metal dial
plate are supplied. The mechanical assembly
is also available complete with shield, blank
dial plate, switch stops, and knob, but with-
out resistors, as the Type 510-P3 and -P3L
Switches.

FEATURES:

» High accuracy — =0.059%, for most units.

| Q/STEP
BOO ma MAX

» Excellent  stability—newly  developed
stable resistance alloys, with final resistance
adjustment after artificial aging at high temper-
atures above normal operating temperatures.
» Good frequency  characteristics— most
Tyre 510 Decades can be used at frequencies
as high as several hundred kilocycles, as well
as al de.

» Low temperature coefficient.

» Negligible thermal emf to copper.

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

SPECIFICATIONS

Accuracy of Adjustment: Resistors are adjusted to be ac-
curate at card terminals within the tolerances given in
Table 1

Maximum Current: See Table I below. Maximum current
is engraved on the dial plate supplied with each decade.
Frequency Characteristics: The equivalent circuit of a decade
resistance unit is shown on page 154. The values of the
residual impedances are listed in Table 1.

The accompanying plot shows the maximum percent-
age change in effective series resistance of seven decades
as a function of frequency. For Tyres 510-A and 510-B
the error is due almost entirely to skin effect and is in-
dependent of switch setting. For Tyre 510-C the error
changes slowly with dial setting and is a maximum at
maximum resistance setting, while for Type 510-D a
broad maximum ocecurs at the 600-ohm setting. For all the
higher resistance units, the error is due almost entirely to
the shunt capacitance and its losses and is approximately
proportional to the square of the resistance setting.

The high-resistance decades (Types 510-E, 510-F, and
510-G) are very commonly used as parallel resistance

NV

elements in resonant circuits, in which the shunt eapaci-
tance of the decades becomes part of the tuning capaci-
tance. The parallel resistance changes by only a fraction,
bLI\su'n a tenth and a hundredth, of the amount indiecated
in the plot as the series-resistance chun_u- depending on
frequency and the insulating material in the switch.
Switches: Quadruple-leal brushes bear on lubricated con-
tact studs 34 inch in dinmeter. Both brushes and studs are
of silver-bearing copper alloy. These brushes are benl so
asnot to be tangent to the are of travel, thus avoiding
cutting and affording a good wiping action. A cam-type
detent is provided, There are eleven contact points (0 to
10 inclusive). The switch resistance is between 0.002 and
0.003 ohm. The effective capacitance of the switch is of
the order of 5 uuf, with a dissipation factor of 0.06 at 1 ke
for the standard cellulose-filled molded phenolic switeh
form, and 0.01 for the mica-filled phenolic form used in
the Tyre 510-G Unit.

Temperature Coefficient of Resistance: Less Lhan =0.0027
per degree Centigrade at 23° C.

Terminals: Soldering lugs are provided.

157

(é\v} File Courtesy of GRWiki.org



RESISTORS

(-] S—
/. L STEPS
o / {
Maximum percentage change in | A/ ey
series resistance as a function of [ B e
frequency for Tyvre 510 Decade- £ ° — ] e = 39
Resistance Units. = "\ ‘\ R ‘\ < \\ =~
# Al
g i v vl
’ M0 son Al DOMI  sont 20ML 10D
|
(3 0k 20 -] 1008 w00 500 Me LS
FREGUENCY
TABLE 1
Reststance . Yower
per Step (AR) Maximum Current | per Step AL c* Ly
Type Ohms Aeccuracy 40° C Rise watls wh upf wh
510-AA 0.01 =307, 4 a 16 0,01 7.7-4.5 0.023
510-A 0.1 =0.5%, l6a 25 0.014 7.7-4.5 0.023
510-B 1 =(0.159, 800 ma K] 0.056 7.7-4.5 0.023
510-C 10 0,069, 250 ma .6 0.11 7.7-4.5 0.023
510-D 100 =0.05%, 80 ma 6 .29 7.7-4.5 0.023
510-E 1,000 *().059, 23 ma b 33 T7.74.5 0.028
510-F 10,000 =(0,059%, 7 ma D 9.5 7.7-4.5 0.023
510-G 100,000 =(),06%, 2,3 ma b —_ 7.7-4.5 0,023
*The larger capacitunce oecurs ol the lowest setting of the decade. The values given are for units without the shield eans in place. With the shield
eans in 1|»I:{n~1;. 1IEr: .-d;lml eapneitunee is from 10 to 20 wul greater thun |mlirumrlu ere, depending on whether the shield is tied to the switeh or 1o the
#ero end of the decade

Mounting: Each decade is complete with dial plate and
knob and can be mounted on any panel between Y inch
and % inch in thickness. A template is furmshed with
each unit. Thinner panels can be accommodated by the
use of shorter mounting serews.

Dimensions: Over-all diameter, 8%, inches; depth behind
panel, 3%, inches; template and dimension sketeh mailed

on request,

Net Weight: Type 510 Units,

914 ounces.

11 ounces: Tyre 510-P3.

Resistance
Type ‘otal Per Step Code Word Price

510-AA 0 1 ohm 0.01 ohm EASEL $19.50
510-A ohm 0.1 ohm ELATE 14.00
510-B IO ohms 1 ohm ELDER 20.00
510-C 100 ohms 10 ohms ELEGY 20.00
510-D 1,000 ohms 100 ohms ELBOW 21.00
510-E 10,000 ohms 1,000 ohms ELECT 22.50
510-F 100,000 ohms 10,000 ohms ELVAN 26.00
510-G 1,000,000 ohms 100,000 ohms ENTER 35.00
510-R 100,000 ohms Decade Steps, i.e., 0.1, 1, 10, 100,

1,000, 10,000, 100,000 ohms EAGER 27.00
510-P3 Switch only (Black Phenolic Frame) .........cocvviiiinininnnnn. ENVOY 8.50
510-P3L Switch only (Low-Loss Phenolic Frame) ..........cc.coveiviinnnn. ESTOP 9.50
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Interior views of (left) Tyee 510-A, (center) Tyer

510-D, and (right) Tyee 510-
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USES: The Type 1450 Decade Attenuator is
useful 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 resistors used in each
decade are mounted in compartments in a
cast aluminum housing, which is completely
shielded by the addition of aluminum covers.
Each decade consists of four T-pads series-
connected by cam-operated switches, arranged
with positive detents. All cams are mounted
on a control shaft which is provided with ball
bearings. Each pad is completely shielded, and
a shield is interposed between the input and
output elements of each pad. Each decade
has eleven positions, 0 to 10 inclusive, so the
decades overlap.

TYPE 1450
DECADE ATTENUATOR

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

FEATURES:
» Wide range of attenuation values in small

-steps.

» Accuracy 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, facilitaling quick
return from full to zero attenuation when
making adjustments. Switches are arranged
for break-before-make operation to prevent
“blasting” and meter damage. They can be
adjusted for make-before-break operation if
requested at time of ordering.

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

SPECIFICATIONS

Attenvation Range: 110 or 111 decibels in steps of 1 or
0.1 decibel, respectively,
Terminal Impedance: 600 ohms in either direction. An
etched plate on the cabinet indicates the mismateh loss
for other than 600-ohm circuits.
Accuracy:  Each individual resistor is adjusted within
=0.259, of its correct value. The low-frequency error in
altenuation is less than plus 0.004 db (TA), or 0.006
db (TB) =0.259, of the indicated db value, provided the
attenuator is terminated by a pure resistance of 600
ohms. When properly terminated, the input impedance
|s 600 =3 nhmx

Discri ion: Less than 0.1 db =19
mdlcaled value at frequencies below 200 ke.
Maximum Input Power: 1 walt.
Switches: Cam-type switches are used with twelve posi-
tions covering 360°, The dials are numbered from “0" to

» of the

the 100-db decade. No stops are provided to prevent
complete rotation of the 10- and 1-db decades, but spac-
ers, which are provided, can be used under the mounting
SCrews ln act as stops for the knob.

Ch Imped 600 ohms both directions.
end can be used as input.

Mounting: The decade units are mounted on an alumi-
num panel in a metal cabinet. Each decade is individu-
ally the]ded and all shields are connected to the panel
and the “G" ferminal. Relay-rack mounting is available
on qpccmi order at an additional charge. price list
below.

Terminals: Jack-top binding posts with %4-inch spacing;
common terminal of T units grounded to chassis: ground
terminal provided.

Dimensions: 1450-TA, 10 x 534 x 1214 inches, over-all;
1450-TB, 12 x 5%; x 12)4 inches, over-all

Either

“10" inclusive and the twelfth point is also connected to Net Weight: 1450-TA, 1034 pounds: 1450-TB, 1414
“0", Stops are provided in the switch mechanism for pounds.

Type | Range | Impedance | Type of Section | Code Word | Price
1450-TA| 110 db instepsof 1 db......... 600 ohms T | NETWORKTAM | $240.00
1450-TB| 111 dbin steps of 0.1 db.......| 600 ohms T NETWORKTUBR 340.00

For 19-inch relay-rack mounting add 810.00 to price and add R to type number (Tyee 1450-TAR, -TBR).
159
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TYPE 1454 DECADE VOLTAGE DIVIDER

k=000
Ov MAX

USES: The Typre 1454 Decade Voltage Dividers
provide accurately known voltage ratios for
use in determining voltage transmission ratios
by direct comparison or by null methods.

is particularly valuable in linearity measure-
ments and meter calibration.

Their high input impedance, high resolu-
tion, and high accuracy make them widely
used laboratory accessories for both d-c¢ and
audio-frequency measurements.

DESCRIPTION: The decade voltage division is
accomplished by the use of the Kelvin-Varley
circuit. Four resistor decades are connected

in such a manner that their settings are ad-
ditive, while maintaining a constant input
resistance.

FEATURES:
» High accuracy.
» Constant input resistance.
* Separate ground terminal provided.
» Voltage ratios between 1.0000 and
in steps of .0001.
» Negligible thermal emf.

Effect of switch contact resistance is bal-
anced out.

L0001

SPECIFICATIONS

Voltage Ratio: .0001 to 1.0000 in steps of 0001,
Accuracy: = 0,049 of indicated ralio, for inpul \nilug('~.
below 120. The \n!mge' drop in switeh contacts and wir-

provided, so that the divider circuit can be used grounded
or ungrounded, with the shield grounded.
Mounting: Aluminum panel and cabinet.

ing is balanced out so that full accuracy is maintained Dimensions: (Length) 1534 x (width) 54 x (height)
down Lo the lowest setting, 0.0001. 5 inches, over-all. Net Weight: 74 pounds.
l.mecmy =tll 029; nl' full scale setting.
ties: If the external mpaullume placed o e i
BCFOSS Ihe output termmnh of Type 1454-A is less than 3 i
50 puf, the frequency error is less than 0.19 to 20 ke for —o .,—‘° | =
any setting. For the Tyre 1454-AH, the I'n-qm-m-_\' limit 4 ot — |4{.5
is 2 ke for the same capacitance. g = |r p & g :
Input Resistance: Type 1454-A, 10,000 ohms; Type L 8 | - [ % i—‘é
1454-AH, 100,000 ohms. B 2 IS Ry b
Output Resistance: Varies with output setting, depending 1 . : 7 I >
primarily on the setting of the Light-s! decade in use. | o | £ o8r-% { o3
Maxi Input Vol 230 volts rms (or de) for 40° C rise [5f—s ol BT | :
of the resistors of the input decade. Input voltage should ¥ ° £z °  : B [ 2 I
be limited to 120 for maximum accuracy. At maximum o T 2—'; ::_";‘ E 1
rated voltage the total error can approach =0.19,. 2T - 8T Vi =
Resistance Units: Type 510 (see page 157). =3 s 3 E £
Temperature Coefficient: OF the individual resistors. less than Ty % 32 3
*0.0029, per degree. Since the vollage ratios are deter- o = it r
mined by resistors of similar construction, ambienl Lem- | ] o P ! : '
perature effects are very small. w0 3 3 s b
Terminals: Jack lop binding posts with standard 34-inch "™ “a il
spacing at input and output. A separate ground post is
Type | | Code Word | Price
1454-A Decade Voltage Divider (10,000 ohms) .......... | ABACK | $145.00
1454-AH Decade Voltage Divider (100,000 ohms) ............... ABASH 145.00

160

File Courtesy of GRWiki.org



@

RESISTORS

TYPE 500 RESISTOR

The Type 500 Resistors are particularly
recommended as resistance standards for use
in impedance bridges and as secondary stand-
ards for laboratory use. The plug-type termi-
nals make them readily interchangeable in
experimental equipment. Screw terminals are
also supplied for more permanent installa-
tions. Resistors are similar in construction to
those used in Tyre 510 decades. (Page 157.)

This resistor is an accurately adjusted re-
sistance unit wax-sealed in a phenolic case to
exclude moisture and to provide protection
from mechanical damage.

FEATURES:

#» Convenienl and accurate.

» Negligible thermal emf to copper.

» Low temperature coefficient of resistance.
» Excellent high-frequency characteristies.

» Standard plug-in terminals.

SPECIFICATIONS

A y of Adj «0.059%, at the terminals,
except for the 1-ohm unit, which is adjusted within
=().15%,.

Frequency Cl ics: Similar to those of the Tvyre
510 Decade-Resistance Units for resistance values up
to 600 ohms; somewhal better for higher resistances,
because of the relatively small shunt capacitance of an
1solated resistor.

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

Temperature Coefficient: Less than =0.0029; per degree
Cenligrade at normal room temperature.

Type of Winding: less than 500 ohms. Ayrton-Perry;
500 ohms and higher, unifilar on thin mica cards. Types
500-V, W, and X are made up of multiple mica cards
in series.

Terminals: Both lerminal screws and plugs are supplied.
Each terminal stud is recessed as a jack Lo accommo-

Mounting: Black molded phenolic case is used for all
units having a resistance of less than 1000 ohms. For
units having a resistance value of 1000 ohms or higher,
a low-loss mica-filled phenolic case is used. Both types
are sealed with a high-melting point wax. Tyees 500-A
through -V are in small case; Types 500-W and -X in
large case, E
Dimensions: Small case, (length) 234 x (width) 1%,
inches. Two mounting holes, spaced 214 inches, No. 16
drill. Large case, (length) .‘il'}‘w *x (width) 2L4 inches.
Two mounting holes, spaced 844 inches, No. 2 drill.

Net Weight: 2 ounces.

2 MTG. HOLES LARGE_CASE 1
NO. 16 DRILL IN ™~ F.
SMALL CASE w2 m|

<)
=

e

2 MTG. HOLES
NO. 18 DRILL
IN LARGE CASE

Neo*o/

12 el
L

2
5

date a plug. Standard 34-inch spacing is used. High 32 327
terminal is marked H. ==
Type Resistance in Ohms Mazimum Current Code Word Price
500-A 1 1.0a RESISTBIRD $ 5.50
500-B 10 310 ma RESISTDESK 5.50
5C0-K 20 . 220 ma RESISTFILM 5.50
500-C 50 140 ma RESISTFORD 5.50
500-D 100 100 ma RESISTFROG 5.50
500-E 200 70 ma RESISTGIRL 5.50
500-F 500 45 ma RESISTGOAT 5.50
500-G 600 40 ma RESISTGOOD 5.50
500-H 1000 30 ma RESISTHYMN 5.50
500-L 2000 22 ma RESISTBELL 5.50
500-M 5000 14 ma RESISTPIPE ‘ 5.50
500-J 10,000 10 ma RESISTMILK 5.50
500-R 20,000 7 ma RESISTBARN 5.50
500-T 50,000 4.5 ma RESISTGULL 5.50
*500-U 100,000 3 ma RESISTROLL 5.50
500-V 200,000 22 ma RESISTVOTE 7.50
500-W 500,000 1.4 ma RESISTWALL 15.00
500-X 1 Megohm 1.0 ma RESISTHULL 24.00

POTENTIOMETERS. General Radio 970-series potentiometers are listed on page 229,

File Courtesy of GRWiki.org

161



STANDARD

= AIR-DIELECTRIC CAPACITORS
Two-Terminal Types

The characteristics of a properly designed air capacitor
approach very closely those of an ideal circuil element.
Whether the capacitor is fixed or variable, a low tempera-
ture coefficient of capacitance, low losses, and a high
degree of stability can be achieved.

For many measurements, and over a wide range of Fre-
quency, such a capacitor can be considered as having a
terminal impedance defined solely by its electrostatic
capacitance. However, for the most accurale measure-
ments al audio frequencies or for measurements at radio
frequencies, the small deviations from ideal performance
must be examined and evaluated.

Figure 1 is a lumped constant equivalent cireuit show-
ing the residual parameters which cause the deviations
from ideal performance. R represents the metallic resist-
ance in the leads, stack supports and plates, L represents
the series inductance of the structure and ' the low fre-
quency air dielectric capacitance. The capacitance ()
represents the capacitance of the dielectric supporting
structure. The conductance G represents (a) the dielectric
losses in Lthe supports, (b) the losses in the air dielectric
and on the surface of the plates (significant only at very
high humidities), and (¢) the d-¢ leakage conductance.

R L

o

Co[ ]

o=

Ficune 1. The equivalent circuit of a variable air
capacitor.

Al low frequencies the eapacitance at the terminals is
' + Oy and only the component ¢ need be considered in
evalualing the dissipation factor, The effect of the leakage
conductance is negligible al frequencies above a few
cyeles, and is ordinarily of importance only when the
capacitor is used al de, ve., for charge storage. The losses
in the air dielectric are negligible under conditions of
moderate humidity and temperature,

At audio frequencies then, the dominant component of
conductance is that contributed by dielectric losses in the
insulating structure. Good quality, low-loss materials
such as quartz, ceramics, and polystyrene used for sup-
ports in air eapacitors are characterized by a dissipation
factor that is nearly constant with frequency. This corre-
sponds to a conductance component that varies approxi-
mately linearly with frequency.

The dissipation factor of the equivalent circuit, at low
frequencies, can be written as

G D,C
Twie+ 0T C+ G

1 is thus inversely proportional to the terminal (otal
capacitance, for a variable capacitor. The quantity
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Ficung 2. Variation of effective capacitance and D
with frequency for Tyre 722 Precision Capacitors.

G .
DoCy = o 18 very nearly independent both of frequency

and selting and as such is a convenienl figure of meril for
the capacitor. Since D, is dimensionless, D,(", can be ex-
pressed in uuf.

As frequency is progressively increased, the impedances
of R and L become significant compared to the reaclunce
of ' and must be taken into account.

The resistance R ordinarily is not significant except
at frequencies where skin effect is essentially complete,
under which condition its value varies as the square rool
of frequency and may be expressed as R, V. where R, is
the resistance al one megacycle and fis the frequency in
megacyeles. The total dissipation factor of the capacitor
when the resistance R is taken into account is

G
D=—+ R, Vel (2)
wl’

L represents the inductance of the current path between
terminals. It is largely concentrated in the leads and
supporling members, and. as a consequence, is nearly
independent of setting in a variable capacitor. The
variation in effective terminal capacitance caused by L
is given by the expression

|
' R
1 - w*LC

Variations of €, and D for Typre 722 Precision Capaci-
tors are given in Figure 2 as a function of frequency, for
various settings.

= (' + 2 L(* (8)

L. R
_AAAA
0000 —WWW»
c = 26
S
E
O—
Ficure 3. The equivalent circuit of a solid-dielectric

capacitor.
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» SOLID-DIELECTRIC CAPACITORS

A solid dielectric capacitor can be represented by the
equivalent cirenit of Figure 3, in which (' is the electro-
stalic capacitance, and (¢ is the parallel conductance.
R is the equivalent series resistance, and L is the equiva-
lent series inductance of the complete metallic structure
including the leads.

The conductance G includes both the conductance due
lo dielectrie losses and the d-¢ leakage conductance. The
dissipation factor, ), which al low frequencies is deter-
mined mainly by G, at high frequencies is also dependent
upon the series metallie resistance, R.

(Left) Ficune 4, Capacitance versus [requency of a
fixed solid-dielectric capacitor. (Right) Ficuse 5.
Dissipation versus frequency of same capacitor.

B =
3 -4
] |
i ? i
fer -
Sl | R |
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The series inductance, L, acts Lo increase the capae-
itance as the resonant frequency of the L combination
is approached. At low frequencies, principally below the
audio range, the capacitance increases as a resull of
dieleetric absorption caused by inlerfacial polarizations
in the dielectrie. Although these polarizations occeur al
frequencies of the order of 1074 to 10" eyeles per second,
their effects are measurable in the working frequency
range of the capacitor, The magnitude of the effect varies
with the dielectric material.

Figure 4 shows the fractional change in capacitance as
a funetion of frequency for a 0.001 pf mica dielectrie
capacitor. The dashed line slanting downward to the right
is the capacitance characteristic resulling from inter-
facial polarization; that slanting upward Lo the right shows
the effect of resonance with the effective series inductance,
L, which causes the fractional change in capacitance lo
inerease as Lhe square of frequency. The solid curve is the
sum of these two effects and is the over-all frequency
characteristic.

The solid curve of Figure 5 shows Lthe behavior of dis-
sipation factor as a function of frequency for the same
capacitor. Three components contribute to this char-
acteristio: (1) a constanl dissipation [actor caused by u
residual polarization shown by the horizontal dashed line,
(2) the loss caused by interfacial polarizations, shown by
the dashed line slanting downward to the right, and (3)
ohmie loss in the leads and electrodes, which causes the
dissipation factor to increase as Lhe % power of the fre-
quency, shown by the dashed line slanting upward to the
right. The d-¢ leakage conductance also contributes to the
aver-ull dissipation factor, bul for good dielectries its
effect is neghgible in comparison with the other factors.
If shown, it would be a line slanting downward to the
right at 45°,

Fractional change in capacitance and absolute value of
dissipation factor each have a minimum value, which
oceurs al a frequency thal varies inversely with capac-
itance and thal can be as low as 1 ke and as high as 1 Me
for capacitance values in the range from 1 uf Lo 100 pufl.

In the following pages are described fixed, solid-dielec-
Lrie capacitors of various malterials assembled in decade
combinations, The Tyre 1419-K Decade Capacitor and
the Types 980-F, -G, and -H Decade Capacitor Unils use
Tyre 505 Capacitors with silvered miea as the dielectric
material, High-dielectrie strength, low dielectric loss, and
high dimensional stability make high-quality mica the best

available solid dielectric for alternating-current standard
capacitors. Silvered mica sheets with soft metallic foil
interposed belween sheets insure intimate and stuble con-
tacl between electrodes and the dielectrie, as well as low
series resistance.

For use at d-c¢ or extremely low [requencies, mica
dielectric is al some disadvantage because ull the relatively
large increase in capacitance over the audio-frequency
value. This increase 1s eaused by interfacial polarizations
having extremely long relaxation times,

Polystyrene exhibits the desirable property of having
dielectric constant and dissipation factor very nearly
invariant wilth frequency, the total increase in d-c¢ dielec-
trie constant over the audio-frequency value being only
a small fraction of a percent (in contrast, mica may exhibit
a rise of the order of 39,). The Tyre 1419-A Decade
Capacitor and the Type 980:A, -B, -C and -D Decade
Capacitor Units use hermetically sealed capacitors, wound
and connected non-induetively, with carefully processed
polystyrene film.

The Tyre 880-M and -N Decade Capacitors use molded
silvered-mica capacitors, and the Tyer 980-L has paper
dielectric. These three decades, assembled into a single
cabinet, form the Type 219-M Decade Capacitor. While
not as accurate in calibration, nor as low in dissipation
factor as the all-mica and the polystyrene units, this
decade has many uses in the electronies laboratory.

When eapacilors are assembled into decades, as in the
Tyre 980 Decade Capuacitor Units, the residual im-
pedances are increased by the switch and wiring. The
assembling of several decades into a Tyee 219 or 1419
Decade Capacitor adds more series residuals and more
terminal capacitance.

» THREE-TERMINAL CAPACITORS

Any physically realizable capacitor is composed of at
least Lhree separate capacitances, which form a closed
loop, or delta. In addition to the main, direct capacitance,
connected between two terminals, each terminal has a
capacilance (called terminal capacitance) lo surrounding
objects, such as shield, case, or ground. In the 2-terminal
capacilor, one of the terminals is grounded to case, or
shield, which puts the other lerminal capacitance across
the direet capacitance, The calibrated value of a 2-
terminal eapacitor includes therefore, the sum of the two.

ATERMINAL
CAPACITANCES
DIRECT {

i

There are, however, many measurements where it is
desirable to have a S-terminal Standard. An obvious
advantage is the relative freedom from the effects of
capacitance from the connecling leads to ground, which
cannot affect the direct capacitance. The ecapacitance
between leads can be eliminated by shielding,

Losses are lower in 8-terminal air capacitors than in 2-
terminal, because the dielectric losses appear in  the
terminal-to-ground capacitances.

For standards whose eapacitance is a fraction of a
mieromicrofarad, the S-terminal arrangement is the best
practieal construetion, ;

Three models of Tyre 722 Precision Capacitors are
available with S-terminal construction; and accuracy
specifications  for  fixed, solid-dielectric. and  deeade
eapacitors are given for both methods of connection.

Ficune 6.  Sche-

maltic representa-

tion of a 3-termi-
nal capacitor.
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TYPE 722 PRECISION CAPACITOR

Tyre722-D

USES: The Typr 722 Precision Capacitor is a
stable and precise variable air capacitor in-
tended for use as a standard of capacitance.
It is widely used in ac bridges, both as
built-in standard and as an external standard
for substitution measurements. It is also used
as a tuning capacitor in oscillators and fre-
quency melers, and as a standard in electronic
gauges, calibrators and other instruments.
Where highest accuracy and stability are im-
portant, it is the standard of the industry.
Both 2-terminal and 3-terminal models are
available.
DESCRIPTION: The capacilor assembly is
mounted in a cast frame, which gives the unit
rigidity. The frame, spacers, stator rods, and
rotor shafl are made of the best available
alloys of aluminum, which combine the high
mechanical strength of brass with the low
weight of aluminum. The plates are also of
aluminum, so that all parts have the same
temperature coefficient of linear expansion.
A worm drive is used Lo obtain the desired
high precision of setting. In order Lo avoid
the slight eccentricity that may occur when a
worm gear is mounted on a shaft, the shaft
and the worm are accurately machined as one
piece. The dial end of this worm shaft runs
in a self-aligning ball bearing, while the other
end is supported by an adjustable spring
mounting. Sealed, self-lubricating ball bear-
ings, lightly stressed, are used at the ends of
the rotor shaft. Electrical connection to the

164

Tyre722-CB

rotor is made by means of a silver alloy brush
bearing on a silver overlay drum to assure a
positive electrical contact.

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

Typre 722-N is intended for use at high fre-
quencies and has connection made at the centers
of both stator and rotor stacks to minimize
residual inductance and resistance.

Two of the three-terminal models, TyrEs
722-CC and -CD, differ radically from conven-
tional construction. Two sets of stator plates
are interleaved and insulated from each other
and from ground. The capacitance between
these two stalor stacks is varied by a set of
grounded rotor plates, with annular windows,
interposed between the stators. The direct
capacitance between stator stacks is directly
proportional to the area exposed through the
annular opening and, hence, to the angle of
rotation of the rotor. This construction yields
extremely low losses and a high degree of
linearity.

FEATURES:

» High stability.

» High precision of selting—one part in
25,000 of full scale; scale length is 20 feet.

» High accuracy.

» Low backlash.

» Low temperature coefficient of capacitance.
» Low dielectric losses.

File Courtesy of GRWiki.org
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Types Available:

722-D: two section, direct reading in total capacitance.
722-N; single section, direct reading in total capac-

SPECIFICATIONS

capacitance removed; for use in substitution measurements.
722-CB and -CC; single section, three-terminal con-

itance; for use at radio frequencies.

722-MD and -ME; two section, direct reading in

struction direct reading in total capacitance,

722-CD; two section three-terminal construetion, direct

reading in total

capacitance.

Approz. Cap. Series | Series Resistance Dielectric Losses,
Capacitance Direct-Reading at Zero Sca Induet- in ohms y f
Type | Range, puf Accuracy Setting  |Terminals |ance ph at 1 Me Steatite Quartz
722-D | 100 to 1150 [=0.19, or =1 puf* 2 0.06 02 03 x 101,003 x 10-2
25 to 115 |=0.19, or =0.2 upf* 0.10 .03
722-MD 0 to 1050 [=0.19 or =1 pul* 1140 ppf 2 0.06 02 08 x 1071 008 x 1012
0to 105 |=0.19% or =0.2 yuf* 135 0.10 03
722-ME 0to 105 [=0.19% or =0.2 upuf* ) 0.06 02 08 x 107,003 x 10-'#
0to 10.5 |=0.19, or = 0.05 uuf* 0.10 .03
722-N 100 to 1150 (=019, or =1 puf 2 0.024 008 U4 % 1071004 x 1071
722-CB | 50to 1100]=0.19 or =1 puf 3 Not applicable. Dissipation
722-CCt| Sto 110 |=0.19 or = 0.2 uuf 3 Factor not greater than
722-CDt| 0.5 1o 11 0,19 or =0.04 uuf 3 50 x 10 for -CB, 10 x
0.05 Lo 1.1 = (0.008 ppf 10-% for -CC, -CD.
* Whichever is greater, 1 These models huve birass plates.
Overall Usable Accuracy: The accuracies stated above be limited to approximately =1 uuf.

can be attained for the 722-D and 722-N in practice only
if an acceptable standard technique is used by the operator
to connecl the capacitor into a measuring circuit. Other-
wise, the usable accuracy at the capacitor terminals may

Correction Chart: A correction chart is supplied giving
corrections at multiples of 1, 10 or 100 uuf, depending
on the total capacitance of the capacitor. Accuracies
obtainable through the use of these charts are as follows:

Accuracy after correction is applied
Type Range, puf Total Capacitance Capacitance Differences
722-D [ 100 to 1150 =0.1% or =04 uuf* =0.1% or =0.8 puf*
1 2tolls =0.1% or =0.08 uuf* =0.19% or =0.16 gpf*
722-MD 0 to 1050 =0.1% or =0.4 ppf* =0.19% or =0.8  puf*
0to 105 =0.1% or =0.08 puf* =0.1% or =016 puf*
t

SN ([ 010105 =0.19, or =0.08 ppl* =0.1% or =016 ppuf*
1 0to10.5 =0.19% or =0.02 upf* =019, or =0.04 pul™®
722-N 100 to 1150 =0.1%or =0.4  puf* =0.1% or =0.8  puf*

722-CB 50 to 1100 “0.1% or =0.4 i =0.1% or =0.8 up
722-CC 5to 110 =019 or =0.08 uuf* =0.19%, or =0.16 puf*
722-CD 0.5 to 11 =0.19% or =0,02 uuf* =019 or =0.04 ppf*
0.05 to 1.1 =().19, or =0.003 puf* =0.19, or =0.006 guf*

1 When differences are taken from any zero worm-dial setting. * Whichever is greater.

Worm Correction Calibration: Corrections for the slight
residual eccentricity of the worm drive can be supplied
for all models at an extra charge indicated in the price

list. Mounted charts are supplied, which give the cor-
rections to at least one more figure than the guaranteed
accuracies, which are stated below.

Accuracy after worm correction is applied
T'ype Range, upf Total Capacitance Capacitance Differences
722-D 100 to 1150 =019 or =0.1 upf* =0,1% or =0.2  puf*
5 25 to 115 =0.1% or =0.02 puf* =019, or =0.04 upf*
722-MD { 0 to 1050 ( =0,1% or =0.1 puf* =0.1% or =0.2  upf*
| 0to105 =0.1% or =0.02 uuf* =019, or =0.04 ppf*

t

722-ME 0 to 105 =0.19 or =0.02 pul* =019, or =0.04 uuf*
0 to 10.5 =(),19, or =0.004 puf* =0.19, or = 0.008 ppf*
722-N 100 to 1150 =01%or =0.1  puf* =0.1% or =0.2  puuf*
722-CB 50 to 1100 =0.1% or =0.1  ppf* =0.1%or =0.2  uuf*
722-CC 510110 =0.1%, or =0,02 uuf* £0.19 or =0.04 puf*
722-CD 051011 =019, or =0.004 puf* =0.17, or =0.008 puf*
0.05 to 1.1 =(),19, or =0.001 puf* 20,19, or = 0.002 puf*

1 When differences are taken from wny zero worm-din setting.

* Whichever is greater.
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Maximum Voltage: All models, 1000 volts, peak.

Dielectric Supports: Low loss steatite and polystyrene.
Quartz bars, treated to prevenl formalion of waler
films, can be supplied instead of stealite on  special
order (see price list).

Insulation Resistance: Under standard econdilions (29° C,
509, RH) greater than 10" phms.

Residual Parameters: The series resistance varies as the
square rool of Lhe frequency above 100 ke Its effect is
negligible below this frequency.
£ AR

Backlash: Less than one-half  division, corresponding
to 0.019% of full scale value. If the desired selting
is always approached in the direction of increasing
seale reading, no error from this cause will result.

Terminals: Jack-top binding posts are provided on 2-
terminal models; Standard #3-inch spacing is used. The
rotor terminal is connected to the panel and shield.
Tyee 874 Coaxial Conneclors are used on 3-terminal
models.

Accessories Supplied: 2 Type 874-C58 Cable Connectors

Frequency See Figure 2, page 162, for wilh all 3-terminal models.
plot of variation of capacitance with frequepey. Mounting: The capacitor is mounted on an aluminum
Temperature Coefficient of Capacitance:  Approximately panel finished in erackle and enclosed in a shielded hardwood

+0.0029, per degree Centigrade, for small temperature
changes.

cabinet, A wooden storage case with carrying handle is
supplied (weight 94 pounds).
Dimensions: Panel, 8 x 94 inches; depth, 814 inches.

Type Net Weight Code Ward Price
722-D Precision Capacitor............... 10Y4 pounds CRUEL $235.00
722-MD Precision Capacitor............... 1014 pounds CYNIC 225.00
722-ME Precision Capacitor............... 1014 pounds COUPE 225.00
722-N Precision Capacitor............... 11}4 pounds BOXER 210.00
722-CB Precision Capacitor............... 914 pounds CARON 205.00
722-CC Precision Capacitor............... 1234 pounds CHAOS 265.00
722-CD Precision Capacitor............... 104 pounds COFIN 265.00

. WORM-CORRECTION CALIBRATION
Ca;m‘iwr Code Word* Price
ype

722-D Worm Correction .......cccvvivvrinnnnnnans WORMY $ 90.00
722-MD Worm Correction ......cocevvviivinriniieinirenes WORMY 90.00
722-ME Worm Correction ........cevevvvennnnnans WORMY 110.00
722-N WOorm COMBEHoN .. ccoxsenssxibvesnnivaisybyassn Sivhai WORMY 50.00
722-CB Worm Correction .......ccoovvvviianiann. T P T WORMY 55.00
722-CC Worm Correction .......ccovvvvviiinnnns eswEEEaaEs WORMY 55.00
722-CD Worm Correction .......cvcvvvivinranns CRgeR R WORMY 165.00

*When ordering capacitor with worm correetion, use compound code word, CRUELWORMY, CYNICWORMY, etc.

QUARTZ INSULATION

The following Tyee 722 Precision Capacitors can be obtained with quarlz insulation.
Type | |  Code Word | Price
722-DQ Type 722-D with Quartz Insulators.............. CRUELQUATZ $330.00
722-MDQ Tyre 722-MD with Quartz Insulators............ CYNICQUATZ 315.00
722-MEQ Tyre 722-ME with Quartz Insulators ........... COUPEQUATZ 320.00
722-NQ Typr 722-N with Quartz Insulators...ceeeeieeens BOXERQUATZ 290.00
Tyee 722-CC Tvee 722-ME

Tvee 722-CD
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STANDARD AIR CAPACITORS

These fixed, air-dielectric capacitance stand-
ards supplement the Type 1409 fixed mica
standards, providing stable, low-loss stand-
ards of measurement in low-capacitance values.

TYPE 1401 STANDARD AIR
CAPACITOR (TWO TERMINAL)

The two-terminal Type 1401 units consist
of plate assemblies supported by a quartz in-
sulating plate, attached to an aluminum cast-
ing. With the cylindrical aluminum case, this
arrangement provides a dust-free enclosure
and a complete electrostatic shield. All plates,
rods, and spacers are aluminum to minimize
thermal stresses.

A

Tyre 1401 Tyre 1403

SPECIFICATIONS

Terminals: T'ype 274 Plugs spaced 34 inch on centers.
These will plug into a pair of jack-top binding posts, such
as the Type 938. The calibraled capacitance is the
“insertion'" capacitance added to a circuit when the
capacilor is thus connected.

Calibration: A certificate of calibration is supplied with
each unil, giving the individually measured capacitance
to an accuracy of 0.19,.

Dimensions: 34 (dia.) by 434 inches, over-all.

Net Weight: One pound, 2 ounces.

Type Insertion Adjustment Mazx. Volls Dissipation Code Word Price
Capacitance Accuracy Factor
1401-A 100 ppf 0.2%, 1500 100 x 10-% HABIT $45.00
1401-B 200 puf 0.15%, 1200 50 x 10-° HONOR 46.00
1401-C 500 puf 0.129, 900 20 % 10" HOLLY 48.00
1401-D 1000 puf 0.19%, 700 10 x 10~ HANDY 53.00

TYPE 1403 STANDARD AIR CAPACITORS (THREE TERMINAL)

The Tyre 1403 units are three-terminal ca-
pacitors. The three largest sizes are similar
in construction to the Tyee 1401, except that
neither terminal is grounded to the case. The
smaller capacitance units are made up of two

plates with a grounded plate between them;
an aperture in the grounded plate determines
the magnitude of the direct capacitance. Di-
electric losses are not detectable; there is no
solid dielectric in the direct-capacitance field.

SPECIFICATIONS

Terminals: Tyre 874 Coaxial Connectors for complete
shielding of leads.

Accessories Supplied: T'wo Type 874-C58 Cable Conneclors.
Calibration: A certificate of calibration is supplied with

each unit, giving the individually measured capacitance
to an accuracy of 0.1%,.
Dimensions: Identical with those of Tyee 1401 (above).
Net Weight: One pound.

Type Direct Adjustment Maz. Volts Dissipation Code Word Price
Capacitance Aeccuracy Fuaelor
1403-A 1000 ppf 0.19, 700 10 x 10-¢ DABBY $60.00
1403-D 100 puf 0.19, 1500 10 x 10-% DAIRY 55.00
1403-G 10 puf 0.19%, 1500 10 x 10-% DASHY 48.00
1403-K 1.0 uuf 0.19, 1500 10 x 10-° DATUM 45.00
1403-N 0.1 ppf | 0.19% 1500 10 x 108 DAUNT 45.00
1403-R 0.01 ppuf 0.39, 1500 10 x 10-6 DAVIT 45.00
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TYPE 505 CAPACITOR

The Type 505 Capacitors are used as sec-
ondary laboratory standards and as high-
quality circuit elements.

The capacitor unit consists of a silvered-
mica and foil pile, which is spring-held by a

heavy metal clamp for mechanical rigidity.
This clamp is not connected to either capaci-
tor terminal but is left floating. Both outside
foils are connected together. After aging, the
capacitor unit is placed in the low-loss phe-
nolic case, with silica gel to provide continu-
ous desiccation, with ground cork to absorb
shock, and then sealed with wax.

FEATURES:

» Small, convenient, and accurate.

» Has both screw- and plug-type terminals.
» Low temperature coefficient of capaci-
tance.

» Low-loss case to reduce dielectric loss and
leakage conductance.

SPECIFICATIONS

Accuracy: =0.59%, or =3 ppf, whichever is the larger.
Temperature Coefficient: Approximately +0.0035%, per
degree Centigrade between 10° and 50° Centigrade.
Calibration is made at 23° C., al a frequency of 1 ke.
Dissipation Factor: 0.0003 for 1000 puf and higher: 500 puf,
0.00085; 200 pgf, 0.0004; 100 wuf, 0.0006.
Frequency Characteristics: See plots below. Series inductance
is approximately 0.055 ph for units in small case and
0.085 ph for large case. Series resistance at 1 Mc is ap-
roximalely 0.08 ohm for small case and 0.05 ohm for

spond to a temperature rise of 40° Centigrade for a power
dissipation of 1 walt for the small case and 2.5 watts for
Lhe large case.

Terminals: Screw terminals spaced 3% inch apart. Two
Tyre 274-P Plugs are supplied with each eapacitor. High
terminal (inside foil) is marked H.

Mounting: Mica-filled, low-loss phenolic cases.

Dimensions: See sketch. Over-all height, 1% inches for
large case, 1 inch for small case, exclusive of plugs.

3 : ; LARGE CASE_ T\
Isﬁrgic%ase. varying as square rool of frequency above zg 5}?3%?53"\ St 9 ﬂ:‘: ,.,L;
Leakage Resistance: Grealer than 100,000 megohms, when 4 ; 1P° T N
measgred al §00_v9[b;. excepl for the Tyres 505-U and i:ﬁ' ;gﬁs l A 1
?ﬁiﬁt.ri;;;lﬂssl;l is greater than 50,000 and 20,000 meg- N LARGE BAGE e !_-‘
Maximum Voltage: See table. At higher frequencies the 2
allowable voltage decreases and is inversely proportional . T
to the square root of the frequency. These limits corre- 3% "l
Mazimum  Frequency Limit Weight
Type Capacitance Peak Volts | for Maz. Volts in Ounces Code Word Price
505-A 100 ppf 700 2000ke 4 CONDENALLY $ 8.00
505-B 200 ppuf 700 1000 4 CONDENBELL 6.50
505-E 500 m;f 500 1000 4 CONDENCOAT 6.00
505-F 0.001 w 500 800 4 CONDENDRAM 6.00
505-G 0.002 uf 500 400 § CONDENEYRE 6.50
505-K 0.005 uf 500 160 5 CONDENFACT 6.50
505-L 0.01 pf 500 80 5 CONDENGIRL 8.50
505-M 0.02 uf 500 40 6 CONDENHEAD 10.00
*505-R 0.05 uf 500 40 11 CONDENCALM 13.50
*505-T 0.1 uf 500 20 12 CONDENCROW 18.50
*505-U 0.2 uf 500 10 13 CONDENWIPE 26.00
*505-X 0.5 uf 500 + 15 CONDENWILT 55.00
*Mounted in large case,
i /7Y b &
"v Vi /l// - & r?; 1
i | /ﬁf o == |
—] Y I == 1
== TTIT]
R T N L T e e ow PO M ot oo

(Left) Change in capacitance as a function of frequency for TYPE 505 Capacitors. These changes are referred
to the values which the capacitors would have if there were neither interfacial polarization nor series in-
ductance. Since the capacitors are adjusted to their nominal values at 1 ke, the l-ke value on the plot

should be used as a basis of reference in estimating frequency errors,

tion of frequency.
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(Right) Dissipation factor as a func-
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TYPE 1409 STANDARD CAPACITOR

USES: These capacitors are fixed standards
for laboratory use. When Lhey are used i
conjunction with a Tyee 722-D or a Type
722-M Precision Capacitor in a parallel sub-
stitution method of measurement, precise
measurements of capacitance up to several
microfarads can be made. For the capacitance
standardization laboratory, a set of Tyre
1409 Standard Capacitors, used with a Type
716-C Capacitance Bridge, is recommended.

DESCRIPTION: The Typr 1409 Standard Ca-
pacitor uses a silvered mica and foil stack
similar to that used in the Type 505; units
are selected for low dissipation factor and are
put through an additional aging process. The
final accuracy and stability are thus excep-
tionally good The units are mounted in cast
aluminum cases, with silica gel to provide
continuous desiccation, and are sealed with
high-temperature potting wax. Jack-top bind-
ing posts including a ground terminal are
provided.

A group of these capacitors observed over a
h-year period have shown random fluctuations
of only *0.019, in measured capacilance with

no evidence of systematic drift. This is an im-
provement of at least one order of magnitude
over previous designs.

FEATURES:

» Stable within =0.019.

» Calibrated for both 2-terminal
terminal connections.

» Plug-in terminals permit several units to
be stacked one upon the other without the
use of leads and without cumulative error.

and 3-

SPECIFICATIONS

A y of Adj : Within =0.059, of the nominal
capacitance value marked on the case,

Calibration: Measured values of capacitance for both the
two-terminal and the three-terminal connections at a
specified room temperature are entered in the calibra-
tion certificate. These values are obtained by direct
comparison, Lo a precision of better than 0.019, with a
like standard periodically certified by the National
Bureau of Standards to an accuracy of =0.039, in ab-
solute capacitance,

Temperature Coefficient of Capacitance: + 35 = 10 ppm per
degree Centigrade between 10° and 70° C

Dissipation Factor: Less than 0.0003 at 1 ke and 28° C. See
curves on pm-edmg page.

See curves on preceding pa.ge
Values of series inductance and series resistance at 1 Me

are given in the table below. This resistance varies as the
square root of the frequency for frequencies above 100 ke.
Leakage Resistance: 5,000 megohm-microfarads or 100,000
megohms, whichever is the lesser.
Maximum Voltage: 500 volts peak at frequencies below the
limiting frequencies tabulated below. At higher frequen-
cies the allowable voltage decreases and is inversely
{)mporuonal to the frequency, approximately. These
mits co ‘;Jund to a temperature rise of 40° Centigrade
for a power dissipation of 5, 6, and 7.5 watts respectively,
for the three case sizes.
Mounting: Cast aluminum cases with rubber feet.
Terminals: Two insulated jack-top terminals, plus jack-top
terminal and ground strap.
Dimensions: Small case, 314 x 4 x 2 inches; medium case,
314 x 4 x 2", inches; large case, 3%4 x 534 x 2'}, inches.

Ca - Maxri P, : i
provdy T A e | T e
Type inuf Volts Maz. Volts in uh at | Me Pounds Code Word Price
1409-F 0.001 S00 4.0 Me¢ 0.050 0.02 1Y GOODCONBOY $ 32.00
1409-G 0.002 500 2.8 Me 0.050 0.02 144 GOODCONBUG 32.00
1409-K 0.005 500 1.1 Me 0.050 0.02 144 GOODCONCAT 34.00
1409-L 0.01 500 640 Ke 0.050 0.02 1Y% GOODCONDOG 34,00
1409-M 0.02 500 870 Ke 0.050 0.02 144 GOODCONEYE 36.00
1409-R 0.05 500 175 Ke 0.065 0.02 114 GOODCONPIG 39.00
1409-T 0.1 500 100 Ke 0.055 0.02 144 GOODCONROD 42.00
1409-U 0.2 500 50 Ke 0.055 0.02 1Y GOODCONSIN 50.00
1409-X* 0.5 500 20 Ke 0.055 0,02 1% GOODCONSUM 80.00
1409-Y} 1.0 500 | 10Ke 0.070 0.08 2ls GOODCONTOP 130.00
*Mounted in medinm case. tMounted in lurge case,
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1| File Courtesy of GRWiki.org



CAPACITORS

DECADE

Tyre1419-A Tyre219-M

General Radio Decade Capacitors are as-
semblies of three Tyre 980 Decade Capacitors
in shielded cabinets. All models have a mul-
tiplicity of uses in the electronics laboratory,
as circuit elements in resonant circuits, bridges,
filters, and experimental equipment. Each
individual model has also its own specialized
applications, by virtue of its design and con-
struction features. Each model is deseribed
below with complete specifications.

TYPE 1419-A POLYSTYRENE DECADE
CAPACITOR

USES: Owing to its very low dielectric absorp-
tion, the Tyre 1419-A Polystyrene Decade
Capacitor is particularly useful in research and
development work on computer and integrator
circuits and on low-level amplifiers. Its con-
stancy of capacitance and dissipation factor as
a function of frequency also makes it extremely
useful in measurement eircuits and as a com-
ponent in filters and tuned circuits. High in-
sulation resistance and low dielectric absorp-
tion make it a nearly ideal capacitor for d-¢
work.

DESCRIPTION: This decade capacitor is based
on development work and manufacturing ex-
perience at General Radio since 1940. The
individual capacitor units, Types 980-A, -B,
and -C, are designed to be essentially non-
inductive and are heat-stabilized, so that their
long-time stability approaches that of the best
silvered-mica capacitors.

The capacitors are wound in spool form from
continuous interleaved tapes of polystyrene
and metal foil. The foils projecting at each end
of the roll are soldered together to minimize

170

‘ Tyre 1419-K

inductance and series resistance.

The tape used for the dielectric is specially
prepared of purified high-molecular-weight
polystyrene, having very high resistance and
freedom from polarization. Hermetic sealing
with Teflon feed-through insulators assures
high performance even under adverse humid-
ity conditions.

Terminals are provided for both 2-terminal
and 3-terminal connections.

FEATURES:

» High insulation resistance.

» Low dielectric absorption.

» Low dielectric loss.

» Capacitance and dissipation factor vary
only slightly with frequency from de through
the audio frequency range.
» Completely shielded

sealed.

» All insulation of highest available quality.
» Three-terminal construction.

TYPE 1419-K DECADE CAPACITOR

USES: This high-quality decade capacitor finds
uses in every laboratory: in tuned circuits,
impedance bridges, filters, or in any circuit
where an accurate and stable variable capacitor
is necessary.

Mica dielectric is used throughout, which
permits operation al higher temperatures than
do polystyrene types.

DESCRIPTION: The Type 1419-K Decade
Capacitor is an assembly of Tyre 980-F, -G,
and -H Decade Capacitor Units mounted in a
shielded cabinet. The individual capacitors
are General Radio Type 505 units, which are

and hermetically
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assembled from selected sheets of silvered

mica.

FEATURES:

High stability.

0.59, accuracy.

Low temperature coefficient.
8-Terminal construction.
Low dissipation factor.
Shielded case.

YYYvyyy

TYPE 219-M DECADE CONDENSER

USES: The Tyre 219-M Decade Condenser is
a general purpose capacitor adjustable in

0.001-pf steps up to 1.110 uf. In experimental
circuits where dissipation factor is not critical
it offers excellent performance at moderate
cost. It is designed for two-terminal use only.

DESCRIPTION: The capacitor decades used in
this box are Types 980-L, -M, and -N. The
Types 980-M and 980-N use molded, char-
acteristic-C, silvered-mica capacitors. The
highest capacitance decade, Type 980-L, uses
stabilized paper-dielectric units. These are
wound in spool form in the same manner as the
polystyrene units of the Type 1419-A and, in
addition, areimpregnated with microcrystalline
wax, which provides an effective seal against
moisture.

SPECIFICATIONS

TYPE NO. 1419-A 1419-K 219-M
Type 980 Decades Used A B C F G H L M N
Capacitance per Step (uf) | 0.1 0.01 0.001 0.1 0.01 0.001 0.1 0.01 0.001
Dielectric Polystyrene Mica Paper Mica Mica
Mazimum Capacitance of
Boz (uf) 1.110 1.110 1110
Zero 3
Capocitanos B-lcrml.nal 37 41 SE_- :
3-terminal 15 13 Two-terminal only
(uuf)
| eterminal | =19, | 19 | =19 | 05% | 05% | «0.5% | =2% | =195 | =19
Accuracy 3-terminal =19, =107 | =1.5% | =0.5%, | =0.5% =19, Two-terminal only
Dissipation Factor at 1 ke <0.0002 <0.0003 <0.01 | <0.001| <0.001
Insulation Resistance in
ohms at 100 v, 23° O, >10M >8.5 x 10° >0
509 RH
Temperature Coefficient - . 8.
4f Canacilance {yin/* T) 140, nominal +35=10
Mazximum Operating
Temperature (°C') 65 90 65
Mazimum Operating
Voltage ( DC or peak) 500 500 300 500 a00 B
.- [Similar to those for the Tyre 980 Decade Capacitance Units, modified by the additional in-
Froquency Chataclsristic ductance and resistance at the box terminals and wiring.
D-C ca R
mﬁl <1.001 Typically 1.03
Dielectric Absorption See Voltage Recovery
Voltage Recovery® <0.19, <8%,
3 T'yre 938 Binding 3 Tyre 938 Binding o
Terminals Posts with %'Ounding Posts with grounding 2Tyre 338 tf inding
lin/ linfo o8
. . Aluminum Panel and
. Aluminum Panel Aluminum Panel 5
Mounting and Cabinet and Cabinet Shielded Hardwood
Cabinet
?[”""“”, JD'M‘“""" 18 x 4-5/16 X 5 14-1/8 X 5-1/2 x 6 18-8/4 % 5-1/2 x 5-7/8
Net Weight ( Pounds) 8-3/8 11-1/4 5-5/8
Code Word BIGOT CREEK BRIER
Price $205.00 $270.00 $135.00
{Capacitance inerements from zero position are within this percentuge of the indicated value for any setting,
17 ol ariginal chirging voltage after o charging period of one hour and a 10-second discharge through o resistance equal to one ohm per volt of eharging.
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TYPE 980 DECADE CAPACITOR UNIT

Tyre980-F Tyre980-C

USES: The Tyre 980 Decade Capacitor Units
are compacl, convenient assemblies of high-
grade capacitors mounted on an eleven-point
switch to give a total capacitance variation of
10:1 in ten equal increments. They can be
built into tuned circuits, wave filters, oscilla-
tors, analyzers, amplifiers, equalizers, and
other permanent or experimental equipment.
Decades are available in three different
dielectric materials: paper, for uses where
dissipation factor is not eritical; silvered
mica for better dissipation factor and use in
higher ambient temperatures; and polys-
tyrene, for applications requiring very low
dielectric absorption and constancy of both
capacitance and dissipation factor as a func-
tion of frequency.
DESCRIPTION: Each decade consists of four
capacitors of magnitudes in the ratio of 1, 2,
2, 5. The switch selects parallel combinations
Lo give all integral values between 1 and 10.
The switch is rigidly constructed and in-
cludes a detent mechanism for positive loca-
tion of position. The switch dielectrie, includ-

FREGUENCY

Tyre980-1.

ing the shaft, is heat-resistant, cross-linked
polystyrene. Contacts are made by cams bear-
ing on phosphor-bronze springs, the whole
contact structure being heavily silver plated.
Units are furnished complete with knob,
photo etched dial plate, and swilch stops. The
switeh, with dial plate and knobs, is available
separaltely (see price list).
FEATURES:
» All component capacitors are carefully
selected and aged for maximum stability with
Lime.
» Paper-dielectric units are thoroughly im-
pregnated with microerystalline wax, one of the
mosl effective sealers against moisture. Wind-
ing is non-inductive with the foil projecting at
each end of the roll, which minimizes dissipa-
tion factor and residual inductance.
» Mica-dielectric decades use silvered mica
molded elements for Types 980-M and -N and
Type 505 units for the Types 980-F, G, and H.
> Polystyrene decades have high insulation
resistance, low dielectric absorption and low
losses.

o (|
% s

—
FREGUENCY

(Left) Typical plot of change in capacitance at maximum setting of each decade as a function of frequency,
The capacitance curves are referred to the value the capacitor would have if there were no interfacial polari-
zation and no series inductance. Since the capacitors are adjusted to their rated accuracy at 1 ke, the l-ke
value on the plots should be used as a basis of reference in estimating the frequency error. (Right) Typical
plot of dissipation factor as a function of frequency.
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SPECIFICATIONS

TYPE 980-A | 980-B | 980-C | 980-D | 980-F | 980-G | 980-H | 980-L | 980-M | 980-N
Mazimum Capacitance | 1.0 0.1 0.01 0.001 1.0 0.1 0.01 1.0 0.1 0.01
(nf)
Capacitance per Step (uf) | 0.1 0.01 0.001 0.0001 | 0.1 0.01 0.001 0.1 0.01 0.001
2-terminal Approximately 11 ppf
Zero connection
Cﬂr it nee
3-terminal <1 uuf
connection
Dielectrie Polystyrene | Silvered Mica Paper | Characteristic -C'
(General Radio Tyer 505) Silvered Mica
(Molded)
2-terminal =1%, =(19, + =0,5%, =207 +19,
ey connection® 2 ppuf)
i S-terminal | =19, | =19, | =1.5%|+19% [=05%] =059 | =19, | =2 | =19, [ =19,
connection | —(R9%, +
| wuﬁ
Dissipation Factor <0.0002 <0.0003 <0.01 <0.001
Insulation Resistance at
100 v, 25°C, 509, RH >0 53 10725 x 10725 x 10° 1H# [T 0
(ohms)
Temperature Coefficient — 140 nominal +35=10 - EIA
of Capacitance ppm/° C Characteristic C
Mazimum Operating 500 A00 300 500
Voltage® ( DC' or peal:)
Frequency Limit for 10 ke 100ke | 1 Me 10Me | 10ke 100ke | 1Me lke | 100ke | 1 Me
Mazimum Voltage
Frequency Characteristic See Figure 4
Mazximum Operating 64 90 65 a0
Temperature (°C')
Dielectric Absorption See Voltage Recovery
Voltage Recovery® <0,19, | <3%, l -
Terminals Flexible leads
Mounting Hardware Machine serews are furnished
Dimensions See sketch
Net Weight ( Pounds) 214 334 2 154 154 1% 145
Code Word AVAST | AVERT | AVOID | ALIEN | ACUTE |AVOWD | AWAIT | ADAGE | ADDER | ADDLE
Price $66.00 [ $51.00 | $57.00| $57.00 | $132.00|$60.00 | $45.00 | $36.00 | $42.00 | $32.00

'Capaeitanee inerements from zera position are within this percentage of the indicnted value for any setting.

Uity sire checked with switeh mechanism high, eleetrically, and the tommnon lead and ease grounded.

YAl frequencies above the indicated i the allowable voltage d and is (approximately) inversely proportional to frequency, These limits cor-
respond Lo o tempernture of 40°C for o power dissipation of .5 watts for Tyee 080-F, one watt for Tyees 080-G and -H, and 8.5 walts for all other units

S0y of original charging voltage after s chiarging period of one hoe and o 10-second discharge irowgh o resistanee equal o one ohim per voll of chirging.
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TYPE 1429-A FUEL-GAGE TESTER

USES: The Type 1429-A Fuel-Gage Tester
meets the need for an accurate device for
calibrating modern capacitance-type fuel-gage
systems. It meets the requirements for Lesting
and calibrating the gages in both reciprocating-
engine and jet-engine planes.

DESCRIPTION: This tester fulfills the same func-
tion as the military Type MD-1 Tester,

but has smaller dimensions and lower weight.
It contains two 3-terminal, 200-puf-AC air ca-
pacitors, one to simulate the jet fuel compen-
sator, the other in conjunction with fixed mica
capacitors to simulate the main sensing capaci-
tor of the fuel gage. Both air capacitors have
brass rotor and stator plates soldered into
their supports, then nickel-plated and mounted
in a rigid, five-sided, cast-aluminum frame.
The capacitor worm drive is individually
ground in to fit the one-piece, spring-pressed
worm and shaft to the precision worm wheel.

The main capacitor is extended in value to
6200 puf by two sets of switched, solder-
sealed, precision, silvered-mica, fixed capaci-
tors, one having five steps of 200 uuf, the
other five steps of 1000 pgf.

External connections are made through
keyed coaxial connectors. Cables and adaptors
as required by specification MIL T-8579
(USAF) are stowed in a separate compart-
ment at the right end of the transit case.

FEATURES:

» Protected from moisture and vibration.

» High precision of setting—one part in
25,000 of full scale; scale length is 19.2 feet.
» High accuracy.

Low backlash.

Low Lemperature coefficient of capacitance.
Low dielectric losses.

Direct reading in capacitance.

Fulfills functions and environmental re-
quirements of military MD-1 Tester.

YYVYYY

SPECIFICATIONS

Capacitance Range: Main capacitor continuously variable
linearly from 20 to 220 wpf, thence by swilched steps of
200 ppf to 6220 puf. Compensating capacitor continuously
variable linearly from 10 to 210 puf,

Accuracy: Capacitance of the main variable air capacitor
is indicated by dial reading within =0.59, or =0.75 ppf,
whichever is greater. Corresponding figures for the com-
pensating variable air capacitor are = 1.5%, or =0.5 ppl,
whichever is grealer. Switched capacitors are accurate
Lo =0.59,

Correction Chart: A correction chart laminated between
plastic sheets for mechanical and climatic protection is
supplied, giving corrections at multiples of 10 ugf for the
variable capacitors and al each switch position for the
stepped capacitors. When these correclions are applied,
the eapacitance is correct to plus or minus 0.1%, or 0.15
uuf, whichever is greater.

Maximum Voltage: 500 volls peak.

Dielectric Supports: Plates of low-loss steatite support the
stator assembly, glass-bonded-mica washers, the rotor.

Type |

Dielectric Losses: Almost negligible for the air capacitors,
since solid insulation is largely outside the electric field.
Not over 0.001 for the switched silvered-mica capacitors.
Temperature Coefficient of Capacitance: For small tempera-
ture changes, approximately +0.0029, per degree Centi-
grade for air capacitors, 40.0035%, for mica ones.

Backlash: Less than one-third division (out of 2000), cor-
responding to 0.029, of full-scale value. If the desired
setting is always approached in the direction of increasing
seale reading, no error from this cause will resull.

Terminals: Three special, keyed, coaxial connectors, the
center one of which is connected to both rotors.

Mounting: All capacitors and a renewable desiccant cart-
ridge are mounted on an aluminum panel and enclosed in
a moisture-sealed aluminum cabinet. The latter is shock
mounted in an aluminum transit case with carrying
handle, which also contains a eompartment to hold nine
connecting cables and three tee adaptors.

Dimensions: (Height) 1014 (width) 17% (depth) 1014
inches, over-all.

Weight: 2834 pounds.

| Code Word | Price

1429-A |
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STANDARD INDUGTORS

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

(1) High stability of inductance value.

(2) Small variation of inductance with frequency.

(8) Small variation of inductance with current.

(4) High Q at the desired operating frequency.

(5) Low temperature coefficient,

(6) Reasonable physical size,

(7) High degree of astaticism.

On the following pages are described a number of
both fixed and variable inductors representing different
economic compromises among the above factors.

Re

Ficure 1. Equivalent

=0, L A 5 >
ks % circuit of an air-cored
induetor L.

> AIR-CORED INDUCTORS

High stability, low temperature coefficient, and neg-
ligible variation of inductance with current are best
met by toroidal air-cored inductors, as exemplified by
the Type 1482 Standard Inductors, whose symmet-
rical and rigid coil construction has proved to be
stable over several years to better than 0.02 percent.
The variation of series inductance, L, with frequency
is & dual phenomenon that gives a minimum L some-
where between 200 ¢ and 2 ke. At frequencies so low
that @ is less than unity the effect of eddy currents
predominates, and causes a decrease in L with-increasing
f. At higher frequencies, where @ exceeds unity, the
effect of the distributed capacitance, (', of the coil

redominates which causes to increase with f. For
requencies well below the resonant fy value the frac-
tional increase in L due to C is approximately

AL £t
— = (f ) = w*LC,.
L o

No variation of inductance with current occurs, and
an air-cored inductor can be considered as an ideally
linear circuit element.

The losses in an air-cored inductor are (a) an “ohmic”
or I*R, loss from the series resistance of the winding,
(b) a loss in the copper caused by eddy currents, and
(¢) dielectric losses in the insulation. An equivalent
cireuil taking these losses into account is shown in
Figure 1.

he effects of the various loss components are most
easily represented by the plot of dissipation factor
against frequency, Figure 2. In logarithmic coordi-
nates, the three dissipation-factor components of an
air-core inductor can all be represented by straight
lines as shown. The component, B,. caused by the d-c
resistance of the winding, varies inversely with fre-
quency, while [), due to eddy-current loss in the copper
(and associated with skin-effect), is directly propor-
tional to the frequency. The dissipation factor, Dy, of
the distributed capacitance of the winding produces
Dy, which is proportional to the square of the frequency
within the significant range where D), is independent
of frequency. Note that Dy reaches the value D, at f,.
The total dissipation factor, I), is the sum of these
three components and has a minimum value which
occurs well below the natural frequency, f,, of the
inductor.
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It will be observed that at low frequencies the dissi-
pation factor, D, is determined entirely by series re-
sistance, while at high frequencies the eddy current
and dielectric losses predominate.

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

> IRON-CORED INDUCTORS

A larger inductance can be obtained in a given
volume, or with a given amount of copper, if a core
material of high permeability is used. The term “iron™
is used loosely and generically to identify such ferro-
magnetic materials, although these materials are highly
developed special alloys, in sheel, strip, or bonded
granular form.

The economy in coil construction resulting from the use
of “iron™ cores is obtained with some sacrifice of per-
formance in an inductor used as a calibrated standard.
Stability is ordinarily reduced, since the inductance
depends not only on geometry but also on the permeabil-
ity of the core material. This permeability will vary
somewhat with current, because of its inherent change
with magnetizing force, and may also be subject to a
slight aging. By proper design and choice of core
material, as exemplified by the Tyres 940, 1490, and
1481, inductors satisfactory as secondary standards and
as adjustable decade elements ean be realized.

In an iron-cored inductor, lower values of D. and
D, can be obtained, due to the increase of effective
permeability, while [, remains unchanged and f, is
reduced somewhat. Three other linear core components
of dissipation factor must be added to the winding
components shown in Figure 2. Eddy currents in the
core produce a component, D,, which, like D,, is directly
proportional to the frequency and which is minimized in
a dust core made by molding fine iron powder in an
insulating binder. However, by the use of fine wire, D, can
be made negligible compared to D,. The hysteresis com-
ponent of dissipation factor, Dy, is independent of fre-
quency but, since it is proportional to the magnetizing
force, it becomes vanishingly small as the operating
level approaches zero (initial permeability). The relatively
small component, D), caused by residual losses in the iron
is constant with frequency and, like D, would be repre-
sented by a horizontal line in Figure 2.

Ficure 2. Dissipa-
tion factor vari-
ation with fre-
quency showing
the relative con-
tributions of the
several loss com-
ponents.

DISSIPATION FACTOR
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INDUCTORS

TYPE 1482 STANDARD INDUCTOR

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

DESCRIPTION: Each inductor is a uniformly
wound toroid on a ceramic core. It has a
negligible external magnetic field and essen-
tially no pick-up from external fields. The
inductor is resiliently supported in a mixture

of ground cork and silica gel, after which the
whole assembly is cast with a potting com-
pound into a cubical aluminum case.

Three terminals are provided, two for the
inductor leads and the third connected to the
case to afford either a two- or three-terminal
standard. Prior to calibration these inductors
are thermally aged to equalize winding strains.
Calibrations are made with the low terminal
of the winding grounded to case by a metal
link between the two binding posts. Calibra-
tions are made at 100 ¢ in terms of a similar
inductor, certified by the National Bureau of
Standards. An individual calibration certifi-
cate gives corrections applicable at 200 ¢,
500 ¢ and 1 ke.

FEATURES:

» High stability of inductance.

» Free from mounting strains and humidity
errors.

» Inductance independent of voltage.
» Precisely adjusted and accurately
brated at specified room temperature.

» Highly astatie, and electrostatically
shielded.

» Low and known temperature coefficient.

cali-

SPECIFICATIONS

Inductance Range: See price Lable.

Temperature Coefficient of Inductance: Approximately +30
ppm per degree C. Minute temperature corrections may
be computed from d-¢ resistance.

Accuracy: Nominal limits of adjustment, see table. Limits
of measured cerlificate value, referred to National
Bureau of Standards certification, see table.

D-C Resistance: See table for representative values.
Low-Frequency Dissipation Factor: At low frequencies, the
dissipation factor (essentially from d-c¢ resistance) is
given approximalely by D = K/f. See table for K.

Resonant Fraquency: See table.
Maximum Input Power: For 20° C, rise, 3 walls.
For precise work, 1.5° C. rise, 200 milliwatts. See
table for corresponding current limitations.
Mounting: Aluminum cabinet with carrying handle and
rubber feet.
Terminals: Two insulated jack-top terminals, plus jack-
top ground terminal and strap.
Dimensions: 614" x 614" x 8” height over-all.
Weight: 1114 pounds.

Nominal Limits of
Lamats at | 100 eps Certifi- | * Resonant|*D-(' Re- Milliamperes
Nominal | 100 eps cate Value | Frequency| sistance | *K | rms for
Type |Inductance % % Ke Ohms | Values| 200 mw | 3w Code Word Price
1482-B 100 uh = (.25 ==(). 10 3020 017 | 217 1080 4200 | inpucToTAG | $105.00
1482-C 200 ph = (.25 == (.05 1880 0.23 | 186 930 3600 | INpUCTOTED 105.00
1482-D | 500 pxh ==(),1 =(),056 1090 0.42 | 132 690 2670 | iNpucTOTIM 105.00
1482-E 1 mh =(.1 == (.03 815 0.89 | 142 475 1830 | inpucToTOP 105.00
1482-F 2 mh =().1 ==(),08 590 1.56 | 124 360 1390 | iNpuCTOTUB 105.00
1482-G 5 mh =01 =(0.03 350 3.82 | 122 230 890 | INDUCTOVAT 105.00
1482-H 10 mh =(),1 ()03 230 8.4 134 154 600 | INDUCTOVEX 105.00
1482-) 20mh | =0.1 =0.03 150 14.9 119 116 450 | INDUCTOWAD 105.00
1482-K 50mh | =0.1 =().08 90 38.5 122 7? 280 | INDUCTOWET 105.00
1482-L 100 mh | =0.1 == (.03 60 67 107 55 210 | INDUCTOWIG 105.00
1482-M | 200 mh =(0.1 =003 41 110 87 42 165 | ivpuctowow | 105,00
1482-N 500 mh =(),] =08 25 270 86 A 105 | INDUCTOYAK 105.00
1482-P 1h =(),1 ==().03 16.6 475 75 21 80 | inpUcTOYES 110.00
1482-Q 2h =().1 ==().08 11.0 1080 87 18.5 52 | INDUCTOBUG 130.00
1482-R | 5h =(.1 == (0,03 7.9 3550 113 7.5 20 | INDUCTOBIN 160.00
1482-T 10h =(),1 =().03 5.8 | 7980 127 5.0 19 | iNDUCTOBAL 210.00

*Representative vilues. Avtual values given on certificate
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INDUCTORS

USES: The Type 1481 Inductors have higher
low-frequency values of storage factor @ than
the Type 1482 Standard Inductors. They are
useful at audio frequencies as standards of
self-inductance, although their accuracy of
adjustment is not so high as that of the Typr
1482 Inductors, and, for some uses, allowance
must be made for their current coefficient of
inductance.

DESCRIPTION: These inductors are uniformly
wound toroidal units on stabilized molybde-
num-permalloy dust cores, identical in con-
struction with the toroids used in Tyre 940
Decade Inductor Units.

TYPE 1481
STANDARD
INDUCTOR

FEATURES:

» Inherently astatic.

» Electrostatically shielded.
» High storage factor, @—between 230 and
300, maximum.

» () is greater than 1 down to 6 cycles.

SPECIFICATIONS

Accuracy: See table below. Accuracy of adjustment is
limited to the change produced by a single turn of the
winding. Nominal value of inductance, with tolerance
limits, and eurrent for 0.25%, change in inductance, are en-
graved on Lhe case. Calibration is al initial permeability.
Storage Factor, Q: Maximum initial @ is between 230 and
300. The plot of Figure 1 shows the variation of dissipa-

tion factor as a function of frequency for

-
initial permegbilil_v. 1.e., with no hysteresis loss, Hyster-
esis loss for an r-m-s current I in terms of I, (see table)

will add approximately .001 l-':— directly to D,

1
Curren! Coefficient of Inductance: Per cent change in induct-

ance as a function of I- is given in Figure 1, page 180,
)

where [ is the r-m-s operating current and I, the current

that would produce a 0.25% linear increase in L.

(Left) Ficure 1. In-
itial D versus fre-

1 ol Tencd

D-C bias will reduce the initial
inductance as shown in Figure 1, page 180,

Fr y Ch isti er cent change in inductance
with frequency is plotted in Figure 2, below.

Temperature Coefficient of Inductance: Approximately —25
ppm per degree C, between 16° and 32°C.

Safe Operafing Limits: (1) Maximum terminal voltage,
500 volts, r-m-s or (2) maximum r-m-s current = 70 [,,
whichever limilt is pertinent.

Distributed Capacitance: Between 28 uuf for the 1-mh unit
and 83 uuf for the 5-h unit.

Mounting: Aluminum case.

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

Dimensions: Case (ﬁei ht) 8% x (width) 814 x (depth) 184
inches; over-all height, including terminals, 454 inches.
Net Weight: 14 ounces.
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quency for typical
units (D, = 0).
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(Right) Ficure 2.
Percent increase in
L, with frequency.

FRACTIONAL INCREASE AL/Ls IN FERCENT

R-M-S8 Current,
" IN;minnI 1, for 0.25'2: Fﬂuonanl!
ype nductance Aecuracy tnerease in requency f,
Inductor L % ma ke Q Word Price
1481-A 1 mh =1 24 940 0.043 INDUCTOSAP $32.50
1481-B 2 mh =] 17 660 0.098 INDUCTOSET 32.50
1481-C 5 mh =1 11 420 0.25 INDUCTOSIG 32.50
1481-D 10 mh *=0.5 7.6 300 0.44 INDUCTOSOT 32.50
1481-E 20 mh =(0.5 5.4 210 0.95 INDUCTOSUM 32.50
1481-F 50 mh (.5 3.4 130 2:31 INDUCTOPAL 32.50
1481-G 100 mh #*(),25 2.4 01 4.3 INDUCTOPEG 35.00
1481-H 200 mh =().25 1.7 G4 7.2 INDUCTOPIT 35.00
1481-J 500 mh ==(.25 1.1 40 22 INDUCTOPOD 35.00
1481-K 1h =().25 0.76 28 40 INDUCTOPUB 35.00
1481-L 2h %=(.25 0.54 20 91 INDUCTORAM 37.50
1481-M 5h =().25 0.34 12.5 230 INDUCTORED 40.00
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USES: The Type 107 Variable Inductors find
their greatest uses in the laboratory as adjust-
able standards of moderate accuracy for meas-
urements of self and mutual inductance, and
as circuit elements in bridges, oscillators,
and similar equipment.

DESCRIPTION: T'wo coils, a rotor and a stator,

TYPE 107 VARIABLE INDUCTOR

are mounted concentrically. As the position
of the rotor is changed, the coupling between
the two coils and the inductance, hence,
changes.

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

Direct reading in inductance for the series
connection of the coils. Inductance for the
parallel connection is exactly one-fourth the
value shown by the dial.

FEATURES:

» Continuous adjustment of self or mutual
inductance.

» Rotor and stator may be quickly connected
in either series or parallel as a self-induc-
tor, or used separately as a mutual inductor.
» Rotor and stator inductances have been
equalized so that losses are not appreciably
increased by circulating currents when the
parallel connection is used.

SPECIFICATIONS

Self-Inductance Range: See table below.
Mutual Inductance: See table below. Either positive
or negative values of mutual inductance can be ob-
tained. The exact formula for the mutual inductance is
engraved on each individual instrument.
Calibration: The inductance for the series connection,
measured at 1 ke and accurate within =19, of full-scale
reading, is engraved on the dial. The inductance for the
parallel connection is one-fourth of the series inductance
within =0.1%,

The mutual inductance accuracy is =2.59% of the
maximum mutual inductance value.
Frequency Error: The fractional increase in inductance
with frequency will be f%/f,* where f is the operating
frequency and f, the natural frequency, which can be

1
W VL0,

lated below. See plot for change in dissipation factor
with frequency.

Maximum Power and Current: Current for 15 walls
maximum dissipation, corresponding to a 40° C tem-
perature rise, is given in the table below and is en-
graved on the nameplate.

D-C Resistance: See lable below, These series connection
values are engraved on the nameplate. For parallel

calculated from f, = Values of €, are tabu-

connections the resistance is closely '4 the tabulated
values.

Terminals: Standard 34-inch spacing, jack-top binding
posts are provided which allow separate connections to
rotor and stator. Connecting links are supplied so that
either a series or parallel connection of the rotor and
stator can be made available at a third pair of binding
posts.

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

Net Weight: 5 pounds, all ranges.

| R
|
\ | n
+ 66 2 ]
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001 I [ i
([« 100c ke 10ke 100 ke IMe IOme

Dissipation factor (D = 1/Q) versus frequency at
full-scale, series connection.

Self-Inductance Typical €, Values D-C Mazimum
Mutual Resistance | Current Code
Type Series Parallel Inductance| Series Parallel Q n Word FPrice
107-J 9- 50 puh | 2.25-12.5 ph | 0-10.8 uh | 35 puf 57 ppf 0.05 16. AAREM | $85.00
107-K 90-500 uh 22.5-125 ph | 0-110 gh 40 puf 72 puf 0.38 3. HARPY 85.00
107-L | 0.9- 5mh | 0.225-1.25 mh | 0-1.1 mh | 39 puf 78 puf 4.6 1.7 HARRY 90.00
107-M | 9- 50 mh | 2.25-12.5mh | 0-11 mh | 34 pul 41 ppf 32 0.65 HOTEL 95.00
107-N | 90-500 mh | 22.5-125 mh | 0-110mh | 84 uuf 41 upf 440 0,18 HOVER 95.00
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INDUCTORS

USES: These boxes are particularly useful in
circuit development and experimental filters,
equalizers, and other networks.

DESCRIPTION: The Type 1490 Decade Induc-
tor is an assembly of three or four Typr 940
Decade-Inductor Units (deseribed below) in a
single metal cabinel. The units have no elec-
trical connection to the panel, but a separate
ground terminal is provided which can be con-
nected to the adjacent “low’ terminal, which
leads to the smallest decade.
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TYPE 1490
DECADE
INDUCTOR

SPECIFICATIONS

Frequency C isties: By vertical interpolation in the
accompanying plot the percentage increase in effective
series inductance (above the geometric value when f = 0)
may be obtained for any setting of the highest-
valued decade used, when the LOW terminal is grounded
to the cabinet.
Zero Inductance: Approximately 1 uh.
Terminals: Jack-top binding posts.
Mounting: The decades are mounted on an aluminum
panel in a metal cabinet
Dimensions: 1490-C' 1234 x 8Y% x 514 inches over-all
height. 1490-D 16%4 x 814 x 514 inches over-all height.
Net Weight: Tyre 1490-C, 1634 pounds; Tyre 1400-D,
2134 pounds.

Other specifications are identical with those for the
Tyre 940 Decade-Inductor Units.

Type | | Code Word | Price
1490-C I 1.11 h, total, in steps of 0.00T h .......cccvvveneennnnnnns | CLUMP $330.00
1490-D | 11.11 h, total, in steps of 0.00T h ..........cccuvene e COACH 440.00

Note: The Tyre 1432 Decade Resistor and the Tyee 1419 Decade Capacitor can be found on pages 150 and 170
respectively.

TYPE 940 DECADE-INDUCTOR UNIT

USES: The Type 940 Decade-Inductor Units
are convenient elements for use in wave filters,
equalizers, and tuned circuits throughout the
range of audio and low-radio frequencies. As
components in oscillators, analyzers, and simi-
lar equipment, they are especially useful dur-
ing the preliminary design period when the
ability to vary circuit elements over relatively
wide ranges is necessary to determine optimum
operating values. As moderately precise stand-
ards of inductance they have values of low-
frequency storage factor, @, which are much
larger than those of air-cored coils.

A

DESCRIPTION: Each unit is an assembly of four
toroids (relative values 1, 2, 2.5) wound on
molybdenum-permalloy dust cores, which are
combined by switching to give the eleven suc-
cessive values from 0 to 10. The decade switch
has high-quality, ceramic stator-and-rotor
members and utilizes a well-defined ball-and-
socket detent. All contacts are made of a solid-
silver alloy and have a positive wiping action.
FEATURES:

» High values of storage factor @ are obtained
in all models, with maximum values above 200.
» Toroidal construction minimizes external
magnetic fields, so that the coils can be stacked
without errors from mutual inductance. The
toroids are nearly astatic to external magnetic
fields.

# Aluminum covers provide electrostatic
shielding and mechanical protection.

» Wax impregnation keeps out moisture.

#» The switch is inherently reliable in exten-
sive use and should not require bothersome
cleaning or adjustment in service.
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SPECIFICATIONS

Accuracy: Each unil is adjusted so that its inductance
al zero frequency and imtial permeability will be the
nominal value within the accuracy tolerance given in
the following table:

Inductance per
step | 1 mh | 10mh | 100 mh 1h
Accuracy I += 0%, | =19, [ *(0.59, | == 0,25%,

Frequency Characteristics: For any specific  operating
frequency, Figure 2 shows the percentage increase in
effective series inductance (above the geometric value
when f = 0) which is encountered with the extreme set-
tings of each of the four Decade Inductor Units when
the chassis is floating. Vertical interpolation may be
used for intermediate settings.

Ficure 1. Percent change in normal and incremental
inductance with a-c and bias current. Incremental
curve is limited to an a-c excitation less than [,
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Ficure 2, Percent increase in Ly with frequency.
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Dissipation Factor: See Figure 3.

D-C Resistonce: Approximately 45 ohms ‘n-r henry.
Temperature Coefficient:  Approximately ~25 ppm  per
degree C between 16 and 32° C.

Maxi Vol 500 volts rms. The switch will break
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Change in Inductonce with Current: Fractional change
in initial inductance with a-c¢ current for each size of
toroid is shown in the normal curve, Figure 1, in terms
of the ratio of the operating current I, to I,, the current
for 0.259% change. For ratios below unity, inductance
change is directly proportional to current. Values of I,
Iissletfe below are approximate and are based on the
largest inductor in circuit for each setting.

RMS 1, (ma) for 0,259, Increase
Swiltch Setting
040-E 040-F 040-G 940-H
1 24 7.6 2.4 0.76
23,4 17 5.4 1.7 0.54
5.6,7,8,9 10 11 3.4 1.1 0.34
Iner tal Ind D-C bias current [, will reduce

the initial inductance as shown in the incremental curve,
Figure 1.

the circuit at 500 volts if turned rapidly to the new
setting, but voltages above 150 may cause destructive
arcing if the switch is set between detent positions.
Maximum Current: 70 times the pertinent [, value.

Terminals: Soldering lugs are provided. Circuit insu-
lated from chassis.

Mounting: Each decade is complete with dial plate,
knob, and mounting screws.

Dimensions: (Width) 8 x (height) 8% x (depth be-
hind panel) 3!4 inches, over-all.

Net Weight: 314 pounds.

FacTom

DISHIFATION

Ficure 3. Variation of dissipation factor for the full
value of each inductor. Dashed curves correspond to
use with chassis floating.

Type | Inductance | Code Word | Price
940-E 0.01 h in 0.001 h steps...........coevivvininraninnnennd INDUCTOANT | $100.00
940-F 0.1 hin 001 hsteps.. ... iamiisninsniniisisy INDUCTOBOY 100.00
940-G 1 hin0.1 hsfeps.....c.oeiosms s aasse RE—— .4 INDUCTOCAT 100.00
940-H 10 hin1l h steps............. TPt LN INDUCTODOG 110.00

Note: decade-resistor units and decade-capacitor units are listed on pages 157 and 172 respectively.
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Measuremt-nl is an essential element in the
efficient evaluation and control of noise
and vibration. The necessary measurements
are made possible by General Radio’s com-
prehensive line of instruments.

These instruments are a result of a contin-
uing developmenl program since 1933, when
General Radio announced its first noise meter.
The standard sound-level meter, which suc-
veeded the noise meter, is the basic sound-
measuring instrument and has been improved
in each successive model in performance, in
convenience, and in versatility, culminating
in the Tyre 1551-B Sound-Level Meter.

This instrument conforms to the American
Standard on Sound-Level Meters.* An excel-
lent, general-purpose microphone is supplied
as standard equipment; but other transducer
systems are available for specialized measure-
ments. Their characteristics are tabulated on
the next page.

The Type 1555-A Sound-Survey Meter is a
simplified version of the sound-level meter,
particularly designed for convenience in use,
small-size, and low cost, and it is widely used
when a single measuring instrument is satis-
factory.

Either one of these instruments can be used
o measure over-all level, and this value is the
first important measure of a noise. A fre-
quency analysis is also desirable in order to
track down the source of the noise and to de-
fermine efficienl control measures. For Lhat
reason the Type 1551-B Sound-Level Meter is
designed to provide an oulput that is the
amplified electrical replica of the acoustic sig-
nal at the mierophone. This output signal can
then be analyzed to determine its frequency
spectrum by one or more of the General Radio
analyzers listed on the next page. These in-
clude narrow band and broad-band Lypes. The
new Tyre 1554-A Sound and Vibration An-
alyzer has both narrow-band and third-octave
responses. The characteristics of these and
other analyzers are tabulated on page 222.

Satisfactory noise measuremenls depend on
the use of measuring equipment that is kept
in proper operating condition. Although the
instruments are inherently reliable and stable,
after long periods of use their performance
may change. In order to insure thal important
changes will be discovered and corrected, the

INSTRUMENTS FOR THE MEASUREMENT OF

SOUND AND VIBRATION

Tyre 1552-B Sound-Level Calibrator has been
developed. It provides a calibration of the
over-all system at 400 e¢ps. When driven by a
400-cyele oscillator at a 2-volt level and
mounted on any of the microphones listed be-
low, it supplies a known acoustic signal to the
microphone. The Type 1307-A Transistor Os-
cillator is a convenient 400-cycle source.

The measurement of impact noise, which
has previously required extensive instrumen-
tation including a cathode-ray oscillograph, is
now possible with a simple setup, consisting of
the Tyre 1551-B Sound-Level Meter and the
Tyer 1556-A Impact Noise Analyzer.

With these instruments, one can make the
measurements that are necessary for evaluat-
ing practically any industrial noise problem.
They can be used by non-technical personnel
and are designed for long life and trouble-free
operation. The use of these and other noise-
measuring instruments is diseussed thoroughly
in the Handbook of Noise Measurement, pub-
lished by the General Radio Company, and
available al one dollar a copy, postpaid. A
Primer of Noise Measurement, an elementary
[realise, is free on request.

Vibration measuring equipment includes the
Tyre 761-A Vibration Meter to measure ac-
celeration, velocity, ard displacement of a
vibrating element; the Type 762-B Vibration
Analyzer (or the Type 1554-A Sound and Vi-
bration Analyzer) to analyze the vibration
into ils components; and the Type 759-P35
Vibration Pickup to convert the sound-level
meter Lo a vibration meter.

The Graphic Recorder, Type 1521-A, can
be used to record the level and spectral dis-
tribution of sound and vibration, operating
from the output of the Sound-Level Meter,
the Vibration Meter, or one of the analyzers.

Another important group of vibration in-
struments are stroboscopes, (see page 196)
which permit vibrating objects to be viewed in-
termittently and produce the optical effect of
slowing down or stopping a periodic vibration.

A section of the Handbook of Noise Meas-
urement discusses the use of these instruments
in typical vibration measurements.

*American Standard for Sound-Level Meters for the
Measurement of Noise and Other Sounds (Z24.3-1944):
American Standards Association, 70 East 45th St
New York 17, N. Y.
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SOUND

INSTRUMENTS
Type Instrument Application Page
1551-B Sound-Level Meter Accurate measuremenl of noise level; measurement where analysis 184
is required ; measurements for conformity o noise test codes.
1555-A Sound-Survey Meter Preliminary noise surveys; routine checks; quick tests where an in- 183
conspicuous meter or extreme portability is desired.
1550-A Octave-Band Analyzer Analysis of wide-band noises; evaluation of speech-interference | 190
level and loudness.
760-B Sound Analyzer Analysis of pitched sounds, where a knowledge of individual fre- | 193
quency components is desirable.
1554-A Sound and Vibration Analysis of both pitched and broad-band noises. 192
Analyzer
736-A Wave Analyzer Accurate measurement of individual frequency components of defi- | 223
nite and stable pitch.
1556-A Impact Noise Analyzer Analysis of impact-type sounds and vibrations. Measurement of 191
peak amplitude and duration of impulse-type signals.
1552-B Sound-Level Calibrator Over-all acoustic check of ecalibration of sound-level meters, 189
fnur]d—survey meters, and analyzers and for establishing reference
evels.
761-A Vibration Meter Vibration measurements down to 2 cps. 194
762-B Vibration Analyzer Analysis of frequency components of vibration down to 2.5 cps. 193
1307-A Transistor Oscillator Test-tone source for Type 1552-B Sound-Level Calibrator. 107
1521-A Recorder Recording of sound-level spectrum components, transducer charac- 147
teristics, ete.
TRANSDUCERS USED WITH SOUND-LEVEL METER
Useful Freq- Mazi- | Mazi-
Sensitinity Level Range Range mum | mum | See
db re 1 volt/ db re 0.0002 Cyceles) | Temper-| Humid-| Page
Type Name Uses whar whar See. | ature, °C/ity*, % | No.
1560-P1 Rochelle-Salt | Supplied with Tyre | —356 to —60 | 24 Lo 150 20-8000 45 80
Crystal 1551-B Sound-Level
Microphone Meler, General pur-
pose (not recom-
mended for use with
long cable)
759-P25 Dynamic Replaces 1560-P1 ~ati to —60 | 24 to 140 35-10,000 75 100|187
Microphone when long cable is
Assembly needed, and when
temperature or hu-
midity prevent use
of erystal microphone
1551-P1L Condenser Replaces 1560-P1 for | —56to —60| 50 to 150 20-18,000( 100 80 |186
Microphone wide-frequency-range
System measurements; can be
used with long cable
1551-P1H High-Level Replaces 1560-P1for | —70to —76 | 70to 170 20-18,000 100 80 |186
Condenser high-level and wide-
Microphone frequency-range
System measurements; ean
be used with long
cable
759-P35 Vibration Replaces 1560-P1 for | 800 mv/g 0.8 to 20-1200 45 80 | 188
and 759-P36 | Pickup and vibration to 1000 3900 in, /sec.*
Control Box measurements mv/g 0.001 to
(Rochelle 31 in./sec,
Salt Crystal 30uin, to
Acceler- 0.25 in.
ometer)

*Rochelle Salt Crystal Units may be permanently damaged if exposed to high humidity for long periods.
The condenser microphones will not be permanently damaged, but will become noisy and inoperative as moisture
reduces the insulation resistance between the active plates of the condenser. Storing microphone in dessicalor is recom-

mended.,
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TYPE 1555-A SOUND-SURVEY METER

The Tyer 1555-A Sound-Survey Meter is
an inexpensive, pocket-sized instrument for
use in general survey measurements.

This handy, versatile meter can be used for:
# Measuring noise levels in homes, offices,
factories, and outdoor locations.

# Measuring noise levels produced by appli-
ances, office equipmenl, and machinery.

# Preliminary surveys of noisy areas for esli-
mating the possibility of hearing damage.

» Measuring level and dispersion paltern of
reproduced sound from public-address sys-
tems, theater, and home sound systems.

» Surveys by field engineers for acoustic ma-
terial companies.

» Acouslic experiments in physics classes.

#» Establishing satisfactory levels for speakers
and singers, al rehearsal and in classes.

» Determining cross-over characteristics and
dynamic range of high-fidelity music repro-
ducing systems.

# Measuring the frequency-response charac-
teristic of loud speakers and rooms.
DESCRIPTION: The Tyre 1555-A Sound-
Survey Meter consists of a non-directional
microphone, a continuously-adjustable, cali-
brated atlenuator, a stable amplifier with
three weighting networks, and an easily read
indicating meter.

The entire assembly, including microphone
and batteries, is housed in a rugged, two-piece,
aluminum case. The attenuator and weighting-
network selector are fingertip operated. This
permits one-hand operation of the instrument.
FEATURES:

#» Small enough to fit in pocket.

* Can be used when set on a table, when
mounted on tripod, or when held in hand.

# Miniature in size, yel il uses standard and
well-tested components.

SPECIFICATIONS

Range: From 40 db to 136 db (re 0.0002 microbar). Sound-
level is sum of attenuator and meter readings.

Frequency Ct isticc. Three different frequency charae-
teristics can be selected by the main control switch. In the
€ and C+80 db weighting positions substantially equal
response Lo all frequencies between 40 and 8000 cps is oh-
Lained,

The B weighting position follows the 70-db contour
established as the standard of weighting for sound-level
meters. The A weighting position follows approximately
the 40-db contour established for sound-level-meler
weighting. These weighted responses also permit one to
estimate, by comparalive measurements with different
weighting characteristics, the relative importance of low-
frequency components in the sound being measured.
Accuracy: The B and € weighling positions are in accord-
ance with Lhe standard for sound-level meters established
by the American Standards Association when the toler-
anee of the standard is increased by 1 db. The gain of the
amplifier is so set that the sensitivity of the instrument is
correct at 1000 eps within =1 db.

Stability: The amplifier is stabilized by feedback Lo mini-

mize Lhe effect of changes in battery vollage, Temperature
and humidity changes over the normal range of room con-
ditions have no noliceable effect. The temperature co-
efficient of the sound-level indication is low and is in the
order of 0.03 db per degree F.

Operating Limits: The maximum safe operating lempera-
ture of the instrument is 115° F. Temperatures above
130° F will permanently damage the Rochelle-sall crystal
in the microphone.

Microphone: A erystal diaphragm-type microphone is
mounted at the top of Lhe instrument.

Batteries: One 1Va-voll size C flashlight battery (Rayovac
1LP or equivalent) and one 30-volt hearing-aid battery
(Everendy 418E or equivalent) are supplied.

Tube Complement: Two Raytheon CK-512-AX and two
Raytheon CK-5333-AX tubes.

Cabinet: Aluminum, finished in crackle and has a standard
14-20 threaded tripod mounl. A leather “ever-ready"
carrying ease is available, which permits operation of the
instrument without removal from the case.

Dimensions: 6 x 314 x 214 inches, over-all.

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

A Primer of Noise Measurement discusses sound and noise measurements with this instrument. Free copy on reguest.

Type I | Code Word I Price
1555-A Sound-Survey Meter.........ccvovvivinniiiveiiiieassiieess | MISER $150.00
Set of Replacement Batteries................cccceveveene. | MISERADBAT 1.95
1555-P2 Leather Carrying Case.........cccovvievinaraiecnsnnsenees | CAGBD 10.00

PATENT NOTICE, See Note 1, page s
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TYPE 1551-B
SOUND-LEVEL METER

USES: This accurate, portable instrument
measures the sound-pressure level al its
microphone. In its primary function as a noise
meter, this sound-level meter is the accepted
instrument for the measurement of both prod-
uet noise and environmental noise by industry,
commercial laboratories, regulatory bodies,
and noise-abatement groups.

Typical users include:

Machine and appliance manufacturers, in
the development laboratory as well as on the
production line. It provides a means of es-
tablishing noise standards and of accepting or
rejecting products on the basis of noise tests.

Acoustical engineers and physicists, for
the measurement of noise produced by ma-
chinery and for determining the acoustic prop-
erties of buildings, vehicles, and materials.

Industrial hygienists and psychologists, in
surveys of the psychological and physiologi-
cal effects of noise and for the determination
of satisfactory noise environments in factor-
ies and offices.

Secondly, this sound-level meter constitutes
with its accessories, a complete sound meas-
uring system. The available accessories include
spectrum analyzers, special-purpose micro-
phones, and vibration pickups, as listed on the
preceding page. Other accessories, such as
graphic level recorders (see page 147) and
tape recorders, can also be operated from the
sound-level meter output.

In addition to its application in sound
and noise measurement, this instrument can
also be used as a portable amplifier, attenua-
tor, and voltmeter for laboratory measure-
ments in the audio-frequency range.

DESCRIPTION: The Tyre 1551-B Sound-Level
Meter* consists of a non-directional micro-
phone, a calibrated attenuator, an amplifier,
standard weighting networks, and an indi-
cating meter.

The complete instrument, including batter-
ies, is mounted in an aluminum case. The mi-
crophone is mounted on a bracket, which per-

*For more detailed deseription  consult  General  Radio  Experimenter for
October, 1058
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mits its use in either a vertical or a hori-
zontal position. When not in use, the micro-
phone folds down into a storage position,
automatically disconnecting batteries. An ac
power supply unit is available.

FEATURES:

» Small, compact, and easily portable—
weighs less than 8 pounds with batteries.

» Simple to operate.

» Meets all standards of the American Stand-
ards Association, the American Institute of
Electrical Engineers, and the Acoustical So-
ciety of America.

» Wide dynamic range.

» Output at terminals is well isolated from
panel meter.

» Two-speed meter movement permits meas-
urement of either steady or fluctuating sounds.
» Wide sound-level range —from 24 to 150 db.
» Sub-miniature tubes in negative-feedback
amplifier circuits provide excellent stability.
» Batleries are readily available.

» Amplifiers and panel meter have wide fre-
quency response, 20 eycles to 20 kilocycles.

» Low internal noise level.

» Internal calibration system for standard-
izing amplifier gain.

» Quasi-rms meter: indication is essentially
rms for all waveforms excepl short impacl
pulses.

File Courtesy of GRWiki.org
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SPECIFICATIONS

Sound-level Range: From 24 db to 150 db (re 0,0002

microbar).
|3 rl_ 28l

Frequency Any one of four response
characteristics, A, B, C. and 20 ke, can be selected by
a panel switch.

The A, B, and C weighting positions are in accord-
ance with American Standard Specification on sound-level
meters (American Standards Association).

The C weighting provides uniform response to all fre-
quencies within the range of the microphone. This char-
acteristic is nsed for measuring high sound levels, for
measuring sound-pressure levels, or when the instrument
is used with an analy zer.

The 20 ke position allows the use of the complete
frequency response of the sound-level meter's amplifier,
which is fAat from 20 ¢ to 20 ke, so thal complele use
can be made of wide-range microphones such as the
General Radio Tyee 1551-P1 Condenser Microphone
Systems.

Microphone: The microphone is a high-quality Rochelle-
salt-crystal diaphragm type. Condenser and dynamic mi-
crophones are available as accessories, See page 187,
Sound-level Indication: The sound level is indicated
by the sum of the readings of the meter and attenualor
switch. The clearly marked, open-scale meler covers a
span of 16 db with ealibration from —6 to 10 db. The
attenuator is calibrated in 10-db sleps from 30 to 140
db above the standard reference level.

Output: An outpul of 1 voll across 20,000 ohms (when
the panel meter is at full seale) is available at an out-
put jack. The output can be used to drive frequency
analyzers, recorders, and oscillographs.

Meter Damping: The panel meter is provided with two dif-

TheTyre1551-BSound-Level
Meter with the microphone
in the storage position,

The Sound-Level Meter is being oper-
ated while in the leather carrying case
and the microphone in the horizontal

ferent damping characteristics, selected by a switch.
In the FAST position, the meter ballisties agree with
the current ASA standards. In the SLOW position, the
meter is heavily damped and indicates, for easy reading.
the average level of rapidly fluctuating sounds,

Calibration: Internal means are provided for standard-
izing the sensitivity of the electrical eireuils in the
sound-level meter. After standardization, the accuracy
of sound-level measurements, as specified in ASA
standards, is within =1 db for average machinery noise.
The Tyre 1552-B Sound-Level Calibrator (page 189) is
available for making periodic acoustic checks on the
over-all calibration, including microphone.

Temperature and Humidity Effects: Readings are independent
(within 1 db) of temperature and humidity over normal
ranges of room conditions.

Power Supply: Two 1-Y4-volt size D flashlight cells
{Rayovac 2LP or equivalent) and one 67 Y9-voll Burgess
XX45 battery or equivalent, are supplied. The Typr
1262-B Power Supply for ac operation is available.

Tube Complement: Four Raytheon CK-512-AX, two Ray-
theon CK-6418; one RCA 2N105 transistor.

Accessories Supplied: ‘T'elephone plug,

Accessories Available: See pages 186 1o 191,

Cabinet: Shielded aluminum  cabinet finished in  gray
crackle, which serves as a convenient and rugged carry-
ing case. A leather carrying case is available, which
permits operation of the instrument without removal from
the case,

Dimensions: (heighl) 614 > (length) 94 x (width)
714 inches.

Net Weight: 7 pounds, 10 ounces with batteries; 9
pounds, 10 ounces including leather case.

The Tyee 1551-B  Sound-Level
Meter ac operated from the Tyre
1262-B Power Supply and the

and batteries automatically operating position. microphone in the vertical op-
disconnected. erating position.
Type | B | Code Word | Price
1551-B* Sound-Level Meter.........ic.ciiiimiiiiiisisaescisenmenienas] MIMIC $395.00
Set of Replacement Batteries.............ccovvevacnnncnn| MIMICADBAT 3.90
1262-B Power Supply........... PRV e CTINg PR, ssvenssaniiid] MANLY 70.00
1551-P2 Leather Carrying Case........ciseniisassasonnssesnsvasnsans] CALYX 20.00

SPATENT NOTICE. See Nobe 1, piuge s
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STANDARD ACCESSORIES FOR THE TYPE 1551-B
SOUND-LEVEL METER

The following accessories are available for
use with the Type 1551-B Sound-Level Meter
Lo increase its field of application and Lo adapt

il for specialized types of measurement. These
accessories can also be used with the older
Sound-Level Meters, Types 759-B and 1551-A.

DYNAMIC MICROPHONE ASSEMBLY

TYPE 759-P25

For some measurements, particularly where
a long cable must be used between microphone
and meter, or where large ranges of tempera-
ture and humidity are encountered, a dynamic
microphone is preferable. The Typre 759-P25
Dynamic Microphone Assembly includes, in
addition to the microphone, a 25-foot cable,
an input transformer, and a tripod. The trans-
former plugs into the Sound-Level Meter in
place of the standard microphone, and the
microphone cable plugs into the transformer.

Microphone and transformer plug into the sound-
level meter as shown.

SPECIFICATIONS

Sensitivity: Open-circuil output of typical microphone is
90 db below one volt per microbar, and of microphone plus
transformer is 60 db below one volt per microbar. This sen-
sitivity is satisfactory for use with the Type 1551-B, the
Tyee 1551-A. and the Type 759-B Sound-Level Meters.
Direct Use with Analyzers: Microphone outpul can  be
supplied directly to the Type 1550-A  Oclave-Band
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Typical response curves of Tyee 1551-B Sound-Level
Meter with Tyee 759-P25 Dynamic Microphone

Noise Analyzer and the Tyee 760-B Sound Analyzer
provided the level of the measured components is above
70 db (re 0.0002 gbar), or to the Tyrr 1354-A Sound and
Vibration Analyzer, provided the level of measured com-
ponents is above 50 db. (A Type 1552-B Sound-lLevel
Calilirator is necessary to obtain absolute level.)

Maxi Safe Sound-P Level: Sound-pressure levels
above 140 db can damage the microphone.

Calibration: Output level is checked in our laboratories
at several frequencies against a standard  microphone
that is calibrated periodically. The level at 400 cycles is
supplied.

Cable Correction: No correction is
25-foot eable supplied or the Tyee 759-P22
cable.

Accessories Supplied: One Type 1560-P94 Adaptor Cable
Assembly.

necessary  for  the
100-foot

Assembly, Net Weight: 424 pounds,
Type | |  CodeWord |  Price
759-P25 I Dynamic Microphone Assembly...........cccooviviiinnnnn. NABOR $194.25
759:P22. | Exira 100-foot cable.. ...c.uiuseisimsivanorssansssns svoponna NASAL 30.00

Users who wish to replace the Sound Level
Meter in their measuring systems with the
Tyre 1551-B will need the Type 1560-P91 or

Tyre 1560-P94 Adaptor Assembly to connect
their present accessory microphones to the
new meter.

Type | For Use With | Code Word | Price
1560-P91 | Adaptor Assembly.............coovvevnienin. 759-P35 ADAPTORANT $7.00
759-P25
1560-P94 | Adaptor Cable Assembly ...................4 1551-P1L } | ApAPTORDOG 7.00
 1551-P1H
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TYPE 1551-P1 CONDENSER MICROPHONE SYSTEMS

The Type 1551-P1L (for normal-level meas-
urement) and the Tyee 1551-P1H (for high-
level measurement) are condenser microphone
systems designed for use with the Tyre
1551-B Sound-Level Meter for measuring
sounds over wide frequency ranges. These
microphones are not damaged by high sound
levels or by high temperatures.

Applications include:

» Measurement of high-frequeney, high-level
noises produced by air streams, wood- and
metal-working machinery, turbines, and jet
engines.

» General-purpose sound-level measurements
in locations where ambient conditions (tem-
perature, sound-level) are severe.

» Measurements on high-fidelity sound repro-
duction systems over the full audio spectrum.
DESCRIPTION: Tyre 1551-P1L Condenser Mi-
crophone System uses a 21-BR-150 microphone
and measures sound pressure level up to 155
db; Tyee 1551-P1H, which uses a 21-BR-180
microphone, measures levels up to 170 db.

The microphone base houses a subminiature

pre-amplifier tube. A battery-operated power
supply, which fastens to the end of the Sound-
Level Meter, provides pre-amplifier filament
and plate power and polarizing voltage for the
microphone. An extension cable, a tripod, and
a leather carrying case are supplied.

SPECIFICATIONS

Frequency Response: 20 cycles Lo 18 kilocyeles with either
microphone. A typical response curve 15 shown below.
Calibration: The outpul level as a function of frequency is
measured in our laboratory by comparison with a stand-
ard microphone that is calibrated periodically. The meas-
ured level al 400 cyeles is supplied.
Direct Use with Analyzers: These assemblies can supply a
signal directly to the Tyee 1550-A Octave-Band Noise
Analyzer or the Type 760-B Sound Analyzer, provided
that the level of the measured components is above 70 db
(re 0.0002 microbar) for Tyee 1551-P1L, and 85 db for
Tyre 1551-P1H. or to Lhe Tyre 1554-A Sound and Vibra-
tion Analyzer, provided that the level of the measured
components is above 50 db for Type 1551-P1L, and 65 dh
for Type 1551-PIH. (A Tyee 1552-B Sound-Level
Calibrator is necessary for absolute level calibration.) An
oulpul is provided for this connection,
A 2 4 A P l”'l:

For the Tyee 1551-P1L Condenser Microphone Assem-
bly, non-linear distortion is below 19, al levels up to

humidity, but prolonged exposure may cause electrical
leakage and rcnr]cr it lemporarily inoperative.

Batteries: One 115-voll size D flashlight cell (Rayovae 2LP
or equivalent) and one 300-volt B battery (Eveready 493
or Burgess V-200) are supplied,

Tube Complement: Two Raytheon Tyre CK-512-AX.
Mounting: The microphone on ils base plugs into one end
of a 10-foot cable, which has a fitting with standard 14 -20
tripod thread. The other end of the cable is connected to
the power supply unit, which fastens to one end of the
Sound-Level Meter.

Accessories Supplied: One Type 1560-P94 Adaptor Cable
Assembly.

Dimensions: Leather carrying case is approximately
(height) 7 x (length) 515 x (width) 814 inches.

Net Weight: Complele in carrying case, 7 pounds, 6 ounces.

185 db, and less than 109, at 155 db. 23
For the Tyee 1551-P1H High-Level Microphone As- 45 =
sembly, non-linear distortion is below 19, up to 150 db ES .
and below 109, up to 170 db. 83 il POLARKING Yo TAGE 202 |
Mini M e € 1D Lovel: E; 4,,,1' |
For the Type 1551-P1L: 50 db (re 0.0002 microbar). ge |
For the Tyee 1551-P1H: 65 db (re 0.0002 microbar). 2
Temperature and Humidity: Maximum recommended operal- !
ing temperature of the microphone in ils probe is 212° F. sl
The microphone is nol damaged by exposure o high FREQUENCY IN GYCLES PER SECOND
Type | | Code Word |  Price
1551-P1L Condenser Microphone System .............cccvveeinennns NONAL $340.00
1551-P1H High-Level Microphone Assembly.......... NATAL 340.00
Set of Replacement Batteries..............ccccevvinnnnees | NONALADBAT 11.20
187
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The vibration pickup and control box plug into the
sound-level meter in place of the microphone, as
shown in the photograph above.

SPECIFICATIONS

Calibration: T'he db readings of the sound-level meter can
be converted into absolute values of displacement, veloe-
ity, or acceleration by means of calibration data supplied.
Range: The range of measurement of the pickup and con-
trol box when used with the Type 1551-B, Tyer 1551-A
or the Type 759-B Sound-Level Meter is approximaltely
as follows:

Rms Displacement — 30 micro-inches (minimum).

Rms Velocity— 1000 micro-inches per second  (mini-
mum). The upper limit of velocity and displacement
measurements is dependent on the frequency and is de-
termined by the maximum acceleration permissible be-
fore non-linearity oceurs (10 g).

Rms Acceleration—0.8 to 3900 in./sec/sec (10 g).
Accessories Supplied: One T'yre 1560-P91 Adaptor Assembly.
Net Weight: Tyre 759-P35 Vibration Pickup, 8 ounces
(pickup only): pickup plus 7-fool cable and tips, 1 pound;
Tyre 759-P36 Control Box, 1 pound, 18 ounces.

VIBRATION PICKUP
AND
CONTROL BOX

The Tyee 759-P35 Vibration Pickup is an inerlia-
operated crystal device which generates a voltage pro-
portional to the acceleration of the vibrating body. By
means of inlegrating networks in the control box. voltages
proportional to velocity and displacement can also be de-
livered to the sound-level meter. The desired response is
iw.le('lml by means of a three-point switch on the control
10X,
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Over-all frequency response characteristic of the

vibration pickup, control box, and sound-level

meter for constant applied acceleration, velocity,
and displacement, respectively.

Type | | Code Word |  Price
759-P35 NibretionPIekup: i« tataibasani b osnnswosrashmahass NOSEY $45.00
759-P36 CONIONBON ;1 vousicasyiny s dopadsrneris wadpesve dbasibuios NANNY 65.00

TRIPOD AND EXTENSION CABLE

For measurements where the microphone must be
located at a distance from the meter, the Typr 759-P25
Dynamie Microphone is recommended (see page 187).
However, a 25-fool  extension cable and tripod for

Type |

mounting the Rochelle-sall erystal microphone ean be
supplied. With this cable a correction eurve is furnished,
giving the eable correction as a function of temperature
of the mierophone.

| Code Word | Price

1560-P34

| Tripod and Extension Cable ..............ccovvvveneennnns |

KABLE | $25.00

HANDBOOK

The Handbook of Noise Measurement, published by
General Radio Company. covers thoronghly the meas-
urement of noise and other airborne sounds. Authors are
Dr. A. P, G, Peterson of the General Radio Engineering
Staff and Dr, Leo L. Beranek, Lecturer al the Massachu-
sells Institute of Teclinology.

A section of this handbook is entitled The Measurement
of Vibration. Writlen by Ervin E. Gross, Jr., of the

188

General Radio Engineering Staff, this section discusses
vibration, its measurement, and analysis.

Copies of this handbook are available from the General
Radio Company at a price of $£1.00 each, postpaid, in the
United States and Canada.

A Primer of Noise Measurement presenls a simpler
discussion of sound mensurement, Free copy available on
requesl.
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TYPE 1552-B SOUND-LEVEL CALIBRATOR

USES: The Tyre 1552-B Sound-Level Calibra-
tor supplies a known acoustic signal for check-
ing the over-all performance of sound-level
meters, including the microphone. The cali-
brator is designed to fit over a number of
microphones (see listing under specifications)
and can also be used to calibrate the Tyre
1550-A Octave-Band Noise Analyzer, the Typrr
1554-A Sound and Vibration Analyzer, or the
Type 760-B Sound Analyzer when they are
used directly with these microphones. It can
be used to supply an acoustic reference level
for audio systems, provided one of the micro-
phones listed or its equivalent is used.

The Tyre 1307-A Transistor Oscillator is

designed to operate with the Sound-Level
Calibrator and serves as both oscillator and
level indicator.
DESCRIPTION: The ecalibrator has a small,
stable loudspeaker mounted in one end of a
eylindrical enclosure; the other end is open
and fits over the microphone. Acoustical
coupling between the speaker and the micro-
phone is fixed by chamber and microphone
dimensions. The calibrator provides acoustical
shielding as well as a high test level to reduce
effects of ambient noise during calibration.
These conditions make calibration checks
accurate and readily repeatable.

Calibrator fits over microphone as shown at right,
At left is the Tyre 1307-A Transistor Oscillator.

SPECIFICATIONS

Inpur: 2.0 volts at 400 cycles across 6002; harmonic
content must be 5%, or less.
Microphones: The calibrator can be used on the following
microphones withoul the need of special adaptors.

Shure Brothers, Tyre 98B99 (General Radio Tyre
1560-P1, supplied on Tyer 1551-B Sound-Level Meter).

Shure Brothers, Type 9898 (Supplied on 1551-A and
759-B Sound-Level Meters).

Tyre 1555-A Sound Survey Meter.

GR Tyer 759-P25.

GR Tyre 1551-P1L and GR Tyrr 1551-P1H.

Western Electric Tyee 640-AA.

Kellogg Microphone.
Terminals: Input terminals are Type 938 Binding Posts
spaced #4-inch to fit Tyre 274-MB Double Plug.
Accessories Required: A 400-cyvcle source, with outpul
control and voltmeter. The Type 1307-A Transistor Os-

cillator, a battery-operated device with self-contained
voltmeter, is recommended (see page 107).

Dimensions: (length) 414 (diameter) 2% inches, over-all.
Net Weight: 14 ounces,

SOUND LEVEL-db
§)

- - 20 - W0 TBOO
FREQUENCY-CYCLES PER SECOND

Frequency characteristic of the Tyee 1552-B Sound-
Level Calibrator.

Type | | Code Word | Price
1552-B Sound-Level Calibrator ................... Spsevasiassianees NATTY $52.50
1307-A Transistor Oscillator (see page 107)..................... OMEGA 85.00
1560-P31 Leather Carrying Case for calibrator and oscillator.... CANOE 10.00
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TYPE 1550-A OCTAVE-BAND NOISE ANALYZER

USES: The Octave Band Noise Analyzer is

used for the simple and rapid analysis of

broad-band noises, where a knowledge ol in-

dividual frequency components is not required.
It is particularly useful for:

» Noise measurements on aireraft, vehicles,

and machinery;

» The analysis of environmental noise, as in

offices and factories, where speech-interference

level is important;

» Studies of environmenlal noise as related

to hearing damage;

» Production testing and noise-level accepl-

ance tests.

It is also useful in studies of the acoustic
characteristics of rooms and of materials.
DESCRIPTION: The Oectave-Band Noise An-
alyzer is portable, battery-powered, and oper-
ates from the outpul of a sound-level meter,
or, when the level is sufficiently high, directly
from a microphone. Il contains eight band-
pass filters, any one of which can be selected
by a switch; an attenuator; and an amplifier,
which drives both an indicating meter and a
monitoring output.

FEATURES:

» Movable reference dial on altenuator to
facilitate reading.

» Monitoring outpul is provided.

» Meets A. S, A. standards.

# Operates from outputl of the Tyre 1551-B,
the Type 1551-A or the Tyre 759-B Sound-
Level Meter as well as other sound-level meters
with outputs adequately free from noise and
distortion.

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

» Amplifier input jack permits amplifier to
be used alone.

» A-C power supply ean be substituted for
batteries for laboratory use.

#» Filters can be used alone for other Lypes
of measurements.

SPECIFICATIONS

Range: 20 cycles to 10,000 eyveles in 8 bands,

20¢to 75 e (low pass) GO0 ¢ to 1200 ¢

Toeto a0 e 1200 o 2400 ¢

150 ¢ to 500 ¢ 2400 ¢ o 4800 ¢

300 ¢ Lo 600 ¢ 1800 ¢ to 10,000 (high pass)

In addition, a band with a flal characteristic from 20 ¢
to 10 ke is available at two switch positions for con-
venience in calibration against the sound-level meter,
Input Level: Between 1 and 10 volts for normal range,
Levels below one voll reduee the range of reading: those
higher than 10 volts overload the filters,
Input Impedance: 20,000 ohrs. Inpul is isolated by a
resistance pad, so that performance is independent of
source if source impedance is constanl over audio range
or is small compared to 20,000 ohms.
Source: Sound-level meter supplying analyzer input musl
have low hum, low internnl noise, and low distortion.
The Tyer 1351-B Sound-Level Meler is recommended.
Direct Use with Microphone: The Typre 1551-P1L and -P1H
Condenser Microphone Systems or the Tyer 750-P25
Dynamic Microphone Assembly can be used if Lhe band
levels exceed 70 db, 85 db, and 70 db. respectively (re
0.0002 ghur). A Tyer 1550-P1 Microphone Adaptor Plug

is required with the Tyee 759-P25 Dynamic Microphone
Assembly.

level Indication: Level is sum of meter and attenuator
readings.

Attenuation: Except for the lowest and highest bands. at
least 30-db altenuation is oblained at one-half the lower
nominal cut-off frequency and twice the upper nominal
cul-off frequency; at least 50-db altenuation is obtlained
al one-fourth the lower nominal eut-off frequency and at
four times the upper nominal cut-off frequency. The 75-
eyele low-pass filter has al least 30-db altenuation al 200 ¢
and 50 db at 400 eycles. The 4800-cycle high-pass filter
has at least 30-db altenuation at 2400 eyeles and 50 db
at 1200 eycles.

Accessories Supplied: Dial and dial clamp;: shielded eable
for connecting analvzer to sound-level meter.

Tube Complement: Three 1104 and one 1T,

Power Supply: Batlery, Burgess 6TA60. Baltery is in-
cluded in price. For ac operation, Tyre 1201-A Power
Supply (page 145) fits baltery compartment.

Dimensions: (Width) 1154 x (height) 12%, x (depth) 9
inches, over-all,

Netr Weight: 27 pounds including battery.

Type | ] |  Code Word |  Price
1550-A Octave-Band Noise Analyzer.............cccivvuvirinin. | ABEAM $535.00
Replacement Battery for above ..........ccccevvviiie. | ABEAMADBAT 7.85
1550-P1 Microphone Adaptor Plug........cocuvviiineniiinniiniia, | MATOR 4.00
1261-A A-C Power Supply.....cccoviierieerinnnennionrsinionrineas | NUTTY 128.00
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TYPE 1556-A IMPACT NOISE ANALYZER

The Impact Noise Analyzer evaluates the
characteristics of impact-type sounds, which
cannol be measured adequately by conven-
tional noise-measuring equipment designed for
steady-state measurements. Such noises in-
clude those produced by punch presses, forging
hammers, fire-arms, pile drivers, office machin-
ery and similar equipment. From the stand-
point of hearing damage, these sounds consti-
tute a serious problem for industry. They
have hitherto been measurable only with
complicated methods employing a cathode-ray
oscillograph.

The two characteristics of impact sounds
thal seem most significant are the peak ampli-
tude and the duration, or decay time. This
analyzer measures both these quantities and,
in addition, a quasi-peak value that is useful
in determining the wvariation among peak
values in repetitive impacts.

The Impact Noise Analyzer is designed to
operate from the output of the Type 1551-B
or the Type 1551-A Sound-Level Meter and,
when the microphone on the sound-level meter
is replaced by a vibration pickup (page 188),
will evaluate the vibration impaect character-
istics of the device being studied.

DESCRIPTION: The Impact Noise Analyzer
contains a battery-operated, degenerative,
transistor amplifier, simultaneously driving

consist of

three ac voltmeter circuits, which
rectifiers, storage capacitors, and a common
de electronic voltmeter. The electrical storage
system (a capacitor charged by a rectifier)
makes it possible to measure three character-
isties, the peak, quasi peak, and time average,
of a single impact with only one indicating

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

SPECIFICATIONS

Input: Any voltage between 1 and 10 volts for normal
range. Inputs below 1 volt reduce the range of reading.
Input Impedance: Belween 25,000 and 100,000 ohms, de-
pending on the setting of the LEVEL control.

Frequency Range: 5 ¢ to 20 ke.

Level Indication: Meter calibrated in decibels from —10
lo +10. Attenuator switch increases range by 10 db.

Peak Reading: Rise time is less than 50 microseconds
for # value within 1 db of peak value (for rwlﬂngulur
pulses). Storage time al normal room lemperature is
greater than 10 seconds for 1 db change in value,

Quasi Peok Reading: Rise Lime of less than 4 milli-
second and decay time of 600 == 120 milliseconds for
rectifier cireuit.

Time Average Reading: Charge time of rectifier circuil
selected by seven-position switch, having times of .002,
0056, .01, .02, 05, .1, and .2 seconds for the resistance-
capacitance lime constant. Storage time al normal
room temperature is greater than 1 minute for 1 db
change in value.

Auxiliary Instruments Required: A sound-level meter or fre-
quency analyzer to supply the analyzer input.

Input Terminals: Cord wilh phone plug al one end,

Batteries: One 1l%-voll size D fashlight cell (Rayovae
2LP or equivalent) and one 45-volt B battery (Burgess
XX380 or equivalent) are supplied.

Transistors: Three Type 2N105 or equivalents

Tube Complament: One Typr CK-6418.

Cabinet: Aluminum; carrying case supplied.

Mounting: May be [aslened

to one end of Tyre 1551-B =

Sound-Level Meter,
Dimensions: 74 inches (wide)
x 4% inches (deep) x 614
inches (high).

Net Weight: 4 '/1 pounds; carry-
ing case, 1 puund

Photo at right shows
how Impact Noise
Analyzer attaches to
Sound-Level Meter.

Type I |  Code Word | Price
1556-A | Impact Noise Analyzer .............ccouvvvvvvnnnnnn... e | MEDAL | $210.00
PATENT NOTICE, See Note 1, page x
191
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TYPE 1554-A SOUND AND VIBRATION ANALYZER

USES: The Sound and Vibration Analyzer is
designed to measure Lhe amplitude and fre-
quency of the various frequency components
in sounds or vibrations, in conjunction with a
Sound-Level Meter or a Vibration Meter. It
is useful for measurement not only of line
(single-frequency) components but also con-
tinuous (noise) components of the spectrum.
Its narrow bandwidth (8%, constant with fre-
quency), is sufficient to embrace the frequency
fluctuation arising from normal variations in
speed of engines, machines, and appliances;
the alternate, one-third-octave bandwidth
(1.26:1) is used for the measurement of wide-
band spectra. The Tyre 1521-A Graphic
Level Recorder can be used to drive the
analyzer dial and to record the spectrum of
the input voltage wave.

Its high sensitivity, wide dynamic range,
and 89, bandwidth make it also a useful
general-purpose  electric-wave analyzer for
audio and sub-audio frequencies.

DESCRIPTION: The Sound and Vibration Ana-
lyzer is a tunable voltmeler whose bandwidth
is a constant percentage of the center fre-
quency. IL is portable and battery powered.
It consists of two RC-tuned selective ampli-

192

fiers, connected in cascade, and input and
output circuits. The selective amplifiers ecan
be synchronously or stagger-tuned to give
“NARROW™ or "ONE-THIRD OCTAVE"
bandwidth respectively. They also can be
swilched Lo non-selective (ALL-PPASS) opera-
tion for convenient measurement of the entire
input signal before analysis into its compo-
nents. The ac output signal is available al a
jack on the panel for connection to headphones
or to a recorder. A special chart, C'T'P-554 is
available for use with the Tyre 1521-A Graphic
Level Recorder for recording the output of
the analyzer al frequencies above 25 ¢/s.

FEATURES:

» A Sound Analyzer and a Vibration Ana-
lyzer combined in one instrument.

» Wide frequency range, 2.5 to 25,000 cycles.
» 10 to 1 span on each range.

» Adjustable  bandwidth: “NARROW",
“ONE-THIRD OCTAVE", or "ALL-PASS".
» Adjustable decibel dial may be sel so an-
alyzer is direct-reading in  sound-pressure
level, one-third octave band level, elec.

» Portable and battery powered.

» (Can be calibrated for amplitude using a
115-volt, 60-cyele power line.

» Qutpul jack for connection to headphones
or recorder.

» Response falls off far from selected fre-
quency at 12-db per/octave.

» “Trap door” provides easy access lo bat-
teries when replacement is necessary.

» NARROW bandwidth response is 89, wide,
3-db down, allowing easy measurement of sig-
nals having “wow", vel has 40-db diserimina-
tion at one octave from the selected frequency.

-0

DECIAFLS

| |-
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L ]

tin
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Typical bandwidth curves for the Tyre 1554-A Sound
and Vibration Analyzer.
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SOUND AND VIBRATION

SPECIFICATIONS

Frequency Range: From 2.5 to 25,000 ¢yeles in four ranges,
The FREQUENCY dial is calibrated from 2.5 to 25
eycles; the FREQUENCY MULTIPLIER switch has
four positions, 1, 10, 100, and 1000.

Frequency Calibration Accuracy: =29 ol the frequency dial
sethings,

Input Voltage Range: 100 microvolts 1o 30 volls for useful
indieation. Most sensitive range is 1 millivoll full seale.
Frequency Response: “NARROW™: Maximum response is
Aal =2 db over the entire tuning range, “ONE-THIRD
OCTAVE™: Maximum response is flat =4 db over the
enlire tuning range. With respect to the “ALL-PASS”
response, the effective bandwidth for noise is one-third
octave =2 dh. "ALL-PASS": Flal from 2.5 cyveles 1o 23
kiloeveles =2 db,

Bandwidth: “NARROW": (See plot) Response is down 3
db at =47 of selected frequency. Al one-hall and (wice
selected frequency, response is down more than 40 db.
“ONE-THIRD OCTAVE™: (See plot)  bandwidih s
L26:1 at the 3 db points, Al one-hall and twice the
selected frequeney, the response is down more than 30 dh.
Input Impedance: 100 kilohms. unbalanced. Low inpul
terminal grounded Lo case.

Direct use with Microphone:

Microphone Type Component Levels Must Exceed

759-P25* 50 db re 0.0002 microbar

1551-P1L 30 db re 0.0002 microbar

1551-P1H 64 db re 0.0002 microbar

Meter: ‘Three ranges. — 10 to +10 decibels. 0 to 3 volts,
and O to 10 volts,

Attenuator: Adjustable in 10-db steps.

Output: Jack on front panel provides approximately 1 vall,
open cirenit, when meter indieates full seale. Output im-
pedance, 5 Kilolims,

Tubes: Four CK512AX and Llwo CK526AX.

Transistors:  Four 2N169A, five 2N321, and two 2NS24.
Batteries: Four 1.5 voll (Eveready No. 935 Size O or
equivalent), and two 67.5-voll (Eveready No. 7 or
eouivident . Batteries are supplied with instrument. Life
of batteries approximately 100 hours. A BATTERY
CHECK position on the OFF-ON switch connecls the
panel meler to indicate when the batteries are sulis-
factory or need to be replaced.

Accessories Supplied: Shiclded cable-and-plug assembly for
connection Lo Sound-Level Meter. Plugs 1o fit inpul and
outpul jacks. Cable-and-plug assembly Tor ecalibration
using 115-voll line. Pouch for accessories. Airplane-
lnggage-lype carryving ease,

Dimensions: 1034 x 15%; % 11Ly inches, over-all,

Weight: 3115 pounds withoul aceessories or carrving case:
3934 pounds with aceessories and carrying case.

*Teer 1AG0-E1 Adaptor Plag vonquieesd (soe page 190

 Type | B S | Code Word |  Price
1554-A Sound and Vibration Analyzer.............c....cuuv.ne. DRAMA $1060.00
Set of Replacement Batteries..................ccoeveenee. | DRAMAADBAT 7.80

Available for delivery after Seplember 1, 1050, In the meantime the analyzers listed below are still available.

TYPE 760-B SOUND ANALYZER

A conlinuous spectrum instrument with a
constant percentage bandwidth, this analyzer
is recommended for the analysis of pitched
sounds. It is also a useful general-purpose
wave analyzer. Consists of a 3-stage, direct-
coupled amplifier with a tunable null circuil

in a negalive feedback loop. Battery powered
and portable.

Frequency Range: 25 Lo 7500 cps in five ranges.

Accuracy: = 1,577, or = 1.5 cps, whichever is larger.

Input: 1 mv to 10 volls into 20 Lo 50 k.

Frequency Response: =< db over enlire range.

Bandwidth: 27,: down 3 db at 17, off peak.

Dimensions: 18 x 10 % 1114 inches, over-all.

Net Weight: 3615 pounds. including balteries.

TYPE 762-B VIBRATION ANALYZER

Intended primarily for use with the Tyre
761-A Vibration Meter, but can also be used
for general harmonic analysis of very-low-
frequency voltages in the laboratory. Similar
in performance, construction, operation, and
appearance lo the Type 760-B Sound An-
alyzer.

Frequency Range: 2.5 Lo 750 ¢ps in five ranges.
Bandwidth: Sharp selectivily, down 3 db at 19 off peak.
Broad selectivity, down at least 3 db at 597, off peak.

Type - . ] |  Code Word | Price
760-B Sound ARAIVERr, v fione Trreves s iinr sapamnansennssnsinaad | ATTAR $520.00
762-B Vibration Analyzer.......cciiveeiiviiininiiieiinsiasseisss| AWARD 585.00

Set of Replacement Batteries...........coovvvevieiiaincs | ATTARADBAT 16.15
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VIBRATION

TYPE 761-A VIBRATION METER

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

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

A frequency analysis of the measured vi-
bration can be made with the Tyre 1554-A
Sound and Vibration Analyzer (page 192).
DESCRIPTION: The Type 761-A Vibration
Meter consists of: an inertia-operated. Ro-
chelle-salt, crystal pickup, which delivers a
voltage proportional to the acceleration of the
vibratory motion; an adjustable attenuator;
an amplifier; and a direct-reading indicating
meter. An integrating network can be switched
to convert the output of the vibration pickup

194

to a voltage proportional to either displace-
ment or velocity.

The Vibration Meter reads directly in root-
mean-square inches, inches per second, and
inches per second per second.

Accessories include various tips and an
eight-inch metal probe for the pickup to fa-
cilitate measurements in normally inaccessible
places. Available at additional cost is the
Tyre MAP-2-51 Permanent-Magnet Clamp,
which replaces the probe or tip when measure-
ments are taken under conditions where
hand-held operation would not be satisfac-
tory. The accompanying illustration shows
the magnetic elamp in use.

FEATURES:

» Portable and self-contained.

» Easy to operate.

» Direct reading.

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

» Independent output
meter and output jack.
» Semi-logarithmic meter scale permits wide
range of measurement with a single multiplier
setting.

system for panel
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VIBRATION

SPECIFICATIONS

Ranges: The vibration meter is direct reading in the
following ranges:

Displacement: 16 micro-inches to 30 inches, rms.

\\‘-Iom; 160 micro-inches per second to 300 inches per

Acceleration: (.160 inch per second per second to 3900
inches per second per ; second, rms. (0.0004g to 10g).

R Characteri The response follows the
theoretical curves shown below within the following

Fins. tolerances.
Quantity Range Tolerance Frequency Range
Acceleration 0.160 in./sec/sec to 3900 in./sec/sec =109, 4 to 500 cps Down 259, at 2 cps
Velocity 1600uin. /sec to 300 in./sec =109, 5 to 500 cps Down 40% at 2 cps
Velocity Below 1600 yin. /sec +=159%, 20 to 500 eps Down 259, at 10 cps
Displacement 160 win. to 30 in, =109, 10 to 500 eps Down 509, at 2 cps
Displacement Below 160 uin. =159, 20 to 500 cps Down 259 at 10 cps
Above 500 ops the ercor increases and moy reach =307 at 1000 cps. This is caused by the differences in response of individual pickups near resonance.

Pickup Unit: Inertia-operated, Rochelle-salt-crystal type.
Output of pickup is 0.800 volts per g. Non-linearity oc-
curs at 10 g or 3900 inches per second per second. Point
and ball tips and an 8-inch extension rod are supplied.
Meter: Scale reads directly in the quantity beifig meas-
ured —root-mean-square  micro-inches  for  displace-
ment, rool-mean-square micro-inches per second for
velocity, and root-mean-square inches per second per
second for acceleration.

Attenuators: A 10-step attenuator changes the meter
scale ranse by a factor of 80,000 to 1. Additional multi-
pliers indicate the correct units of measurement and
multiplying factors for each response characteristic.
Calibration: Connection to any a-c power line makes it
po:zlble to check the over-all calibration excluding
pickup

Terminals: A jack is provided on the panel for plugging
in & pair of head telephones in order to listen to the
vibrations being measured, for connecting the Tyee
762-B Vibration Analyzer, or for connecting a cathode-
ray oscillograph.

Tube Complement: Two CK-512-AX, two IN5-GT and
one 1D8-GT' are required.

Battery: A single self-contained battery unit, (Burgess
6TA60 or equivalent), which supplies the necessary
plate and filament voltages, is included

Accessories Supplied: Type 761-P1 Vibration Pickup, power
cable for calibration check, spare pilot lamp, and plug for
output jack.

Case: Shielded carrying case of airplane-luggage construc-
tion.

Dimensions: (Height) 1214 inches x (length) 1314 inches
% (width) 934 inches.

Net Weight: 22%4 pounds with battery; 17}4 pounds with-
out battery.

(Left) Vibration pickup

held in place by the Tyre

MAP-2-S1 Permanent-
Magnet Clamp.

(Right) Readings of the
Vibration Meter as a
function of frequency
for a constant displace-
ment of 0.001 inch (rms).
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Code Word Price

761-A NVibration Meter ....i...isssussisesssrsresnsvasesssassssses | VIRUS $510.00

761-P1 Replacement Pickup* .........ccocviviiiviinannns

«ese | NOSEY 45.00

Replacement Battery for above ................. versesss | VIRUSADBAT 7.85

MAP-2-S1

*Give instrument serinl pumber when ordering

Permanent-Magnet Clamp ..........cccoevviiiiininnne. | MAGNO 8.25
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Tm: STROBOSCOPE permilts rotating or re-
ciprocating objects to be viewed intermit-
tently and produces the optical effect of slow-
ing down or stopping motion. For instance, an
electric fan revolving at 1800 rpm will appar-
ently be stationary if viewed under a light
that flashes uniformly 1800 times per minute.
At 1799 flashes per minute, the fan will appear
to rotate at 1 rpm, and, at 1801 flashes, it will
appear to rotate backward at 1 rpm. Because
the human eye retains images for an appre-
ciable 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 under
normal operating conditions.

When the flashing rate of the light is ad-
justable, the control can be calibrated in
flashes (or revolutions) per minute. The sta-
tionary image that is seen when the fashing
rate of the lamp and the rotational rate of a
shaft are equal permits very precise speed
measurements to be made.

General Radio stroboscopes are electronic-
flash devices, in which the flash duration is
very short, of the order of a few millionths of a
second, which allows very rapid motion to be
arrested.

The StroBoTAc® is a compact, portable,
stroboscopic tachometer thal operates from
the a-c power line, and is capable of speed
measurements to better than 19}, It is equally
useful for slow motion studies. Because there
is no mechanical connection between tachom-
eter and machine, no power is absorbed by the
tachometer. Therefore, speed measurements
can be made on very low-power mechanisms
and on production equipment such as spindles
on a textile spinning frame, motors, and other

The characteristics of the light output from General Radio Stroboscopes are tabulated below:

STROBOSCOPES

machines. With the Strosorac, a number of
such machines can be checked for uniform and
correct speed, nearly as easily as one can aim
an ordinary flashlight.

For applications where a brighter light is
desired, the StroBoLUX® can be added. Its
flashing rate is controlled by the SrroBorac.
Another auxiliary light source, the SrroBo-
LUME, emils a very-high-intensity flash that is
particularly useful for viewing low-speed ma-
chines, such as looms and printing presses.
The StroBoLuME has sufficient brilliance for
use in high-speed photography.

The Contactor is a device for attachment to
a rotating shaft to flash a stroboscope once
for each revolution. The Contactor permits
absolute synchronism with a shaft which may
be constantly varying in speed. A phasing con-
trol is provided to permit flashing of the light
at any point in the 360° rotation of the shaft.

Tyre 631-BL Strobotac® used to compare actual
spindle speed to calculated speed and to check any
speed variation between spindles.

Flashes Peak Light* Flash Duration®* | Beam Horizonlal***
Insirument per Second Mega candlepower Microseconds Candlepower seconds Page
Strobotac 50 to 240 0.02 10 0.2 197
10 to 60 0.03 40 1.2 e
Strobolux 10 to 100 2 15 3.0
1 to 60 i1 24 8.4 198
- . Single Flash 1.9 42 75.5
Stroholume 10 to 50 0.14 10 1.4 199
0 to 10 10 30 300

*Approximate value for lowest frequency shown
S Approximate value based L4 peak light value
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STROBOSCOPES

TYPE 631-BL STROBOTAC®
STROBOSCOPIC TACHOMETER

USES: Wherever machines operate, there are
uses for the Srrosorac— in the design lab-
oratory, in production maintenance, and in
the repair shop. Use it:

for the slow-motion observation of

Cams Gears Pawls
Pulleys Fans Sprockets
Governors Linkages Chains

and other machine elements

for the rapid alignment of close-tolerance
mechanisms in production

for calibrating tachometers in aircrafl

for measuring the speed of

Motors

Production machines (lextile spindles, ete.)

Small, low-power devices

Machines in underload and overload tests

Any repetitive motion that can be seen,

even if mechanically inaccessible
DESCRIPTION: The StrosoTtac includes, in one
compacl unit, a strobotron lamp in a parabolic
reflector, an electronic pulse generalor to con-
trol the fashing rate, and a power supply
operating from the a-¢ power line. The flashing
rate is adjusted by a large knob (see photo),
and the corresponding speed in rpm is indi-
-ated on an illuminated drum dial on the top
face of the unit. The flashing rate can also be
controlled from an external generator or con-
tactor, or from the a-¢ power line.

The normal speed range is from 600 to
14,400 rpm. An additional low range extends
down to 60 rpm. Speeds above 14,400 can be
measured by using flashing rates that are sim-
ple submultiples of the speed Lo be measured.

At speeds of 600 rpm and below, flicker be-

comes pronounced, because the human eye

cannot retain successive images long enough to

create the illusion of continuous motion. This

flicker, and the low average level of illumina-

tion, set 600 rpm as the lower limit of speeds

for which the SrroBotac is recommended

for slow-motion studies. For lower speeds, use

the StroBorac to flash the StroBoLUME, page

199, which produces a high-intensity flash.
For more light at speeds above 600 rpm,

use the StroBOLUX.

FEATURES:

» Small, compact.

» Short flash—gives sharp images.

» High accuracy.

» Requires no contact with machine—ab-

sorbs no power.

» Easy to set—easy to read.

SPECIFICATIONS

Range: GO0 to 14400 rpm on dial in two ranges, 600 (o
3600 rpm and 3600 to 14,400 rpm: useful al speeds up to
100,000 rpm. Additional low range of 60 to 1440 rpm
("4 seale values) for flashing the StroBoLumE.

Accuracy: =19, of scale reading above 900 rpm on normal
(600 to 14.400) range when scale is standardized in terms
of a frequency-controlled power line.

Flash Duration: 10 Lo 40 microseconds.

Peak Light: (.02 Lo 0.08 megacandlepower.

Power Supply: T'yre 631-BL, 105 to 125 volts, 60 cycles.
50-cyele models are available as listed below.

Power input receptacle will accept either 2-wire (Tyre
CAP-85) or 8-wire (Tyee CAP-15) power cord. Two-
wire cord is supplied. For 3-wire, see page 237,

Power Input: 35 walls, maximum.

Tube Complement: One Type 631-P1 Strobotron, one
6X3-GT/ G, and one 6N7-GT, G.

Accessories Supplied: Tyre CAP-35 seven-foot power cord,
plug to fit contactor jack. spare fuses.

Mounting: Metal cabinet with handle.

Dimensions: 734 x 9 x 10 inches, over-all; lens dia., 5 inches.
Net Weight: 915 pounds.

Type b Power Supply I Code Word l Price
631-BL Strobotac® 105-125 volts, 60 cyeles...... | BRUIN $170.00
631-BLS3 Strobotac® 105-125 volts, 50 eyeles....... | BRUINPASHA 180.00
631-BLS8 Strobotac® 210-250 volts, 50 cyeles...... | BRUINREGAL 180.00
631-P1 Replacement Strobotron .................. veeeee | SENNA 8.50

PATENT NOTICE. See Nate 6, page s
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STROBOSCOPES

USES: The StrosoLux is a white-light source
for use with the StroBorac in applications

TYPE 648-A STROBOLUX®

AUXILIARY LIGHT SOURCE

where the areas to be illuminated are larger
than the SrroBorAc can cover, or where
greater light intensity is required. Although
its flash is not so short as that of the Stroso-
LuME (page 199), it can be used as a light
source for single-flash photography.

DESCRIPTION: Tyre 648-A StrOBOLUX con-
sists of a power supply and lamp, capable of
producing brilliant light flashes at speeds up
to 6000 per minute. The triggering source is a
StroBoTAC, which can be externally controlled
if desired.

The lamp furnishes a brilliant white light
whose intensity is between ten and one hun-
dred times that of the STrRoBOTAC.

SPECIFICATIONS

Range: From single flashes to 6000 per minute,

Duration of Flash: Between 15 and 50 microseconds, de-
pending upon flashing speed and the setting of the
SPEEDS range switch. The shorter flash is obtained at
the higher speeds.

Peak Light: 1.8 megacandlepower at single flash; 0.2 Mcep
at 6000 flashes per minute.

Guide Number: The guide number (distance in feet x
aperture) for single flash photography is approximately
20 with a film speed of 100 (ASA).

Power Supply: 105 to 125 (or 210 to 250 volts), 50 to 60
eycles,

Power Input: 125 waltls, maximum.

{ub- Complement: One 5Z3 Rectifier and one Tyre 648-P1
.amp.

Mounting: Sheet-metal case with black wrinkle finish.
Lamp and its 9-inch reflector are mounted in one side
of case, the power supply in the other. The removable
lamp assembly has a 4 x 20 tripod thread and connects
to power supply through a 9-foot cable.

Accessories Required: A STROBOTAC is necessary to operate
the StroBOLUX.

Accessories Supplied: Tyre CAP-35 seven-fool power cord,
cable for STRoBOTAC COnnection, spare fuses.

Dimensions: 1334 x 1184 x 184 inches, over-all; lens
diameter, 814 inches,

Net Weight: 3134 pounds.

Type I I Code Word | Price
648-A L T e Pt SCALY $300.00
648-P1 Replacement Lamp........... SURLY 20.00

PATEN'T NOTICE. See Note 0, page x.

Light and compact, the Stiosorac is easily held in
one hand, while the flashing rate is adjusted by the
other hand.
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View of SrrosoLux and Strosorac. Cable for inter-
connections is furnished. Strosorvx lamp is remov-

able for use at end of a nine-foot cable.
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STROBOSCOPES

TYPE 1532-B STROBOLUME

HIGH-INTENSITY LIGHT SOURCE

USES: The SrrosoLume produces a brilliant,
white, light flash that is well suited for study-
ing motions of machines operating at rela-
tively low speeds. T'wo important applications
are the analysis and adjustment of shuttle
mnlion in textile looms and of color register
in printing.

The Srrosorume is designed to be flashed
from an external contactor, such as the Tyre
1535-B (page 200), and hence is particularly
useful where the motion to be examined is
related to angular position of a shaft, such
as a crankshaft, camshaft, or countershaft,
on one end of which a contactor is held or
clamped. It can also be flashed from a Srro-
porac. It is adaptable as a light source for
single- and multiple-flash photography in re-
search projects, where the motion of the sub-
ject is often too fast to be stopped by con-
ventional “speedlights.”

DESCRIPTION: The elements of the Stroso-
puMe are a  high-voltage transformer and
rectifier; a capacitor, which is charged to
about 2500 volts from the rectifier; and a
lamp through which the capacitor is dis-

SPECIFIC

Flashing Speed Range: High intensity —continuous, 60
flashes per minute, maximum; intermittent, or for short
periods, up to 1200 per minute. Low inlensity —conlin-
uous up to approximately 3000 per minute.
Peak Light: 10 megacandlepower at 60 flashes per minute;
(.14 mep at 3000 fpm.
Duration of Flash: Approximately
intensity switch at HIGH:
seconds with switch at LOW.
Guide Number: The guide number (distance in feet x
aperture) for HIGH intensity is approxsimately 25 with
fast film speed of 100 (ASA),
Flashing Control: ‘T'vrr 1535-B Contactor or Tyre 631-BL
Strobotac with Tyre 1532-P2 Transformer Cable.
Tube Complement:

1 Rectifier— Tvyee 816

1 Strobotron—Tyre 0AS

1 Flash Lamp—Tvyrr 1532-P1 (GE Tyee FT-220)

30 microseconds with
approximately 10 micro-

charged to produce the flash.
is initiated by a special strobotron tripped
by an external impulse. Either of two values
of capacitance can be used, as selected by a

The discharge

switch. The larger is for flashing rates up to
1200 per minute with intense light for short
periods, the smaller for rates up to 3000 with
about 1/20th as much light. The entire as-
sembly is mounted in a small metal case with
handle.

FEATURES:

» Brilliant, high-intensity, short white fash.
» Overload breaker prevents overheating.

» Compact, light, portable assembly.

» Lamp assembly is removable and has a 14-
foot extension cable.

» Lamp housing has tripod thread.

#» Long-life sealed-beam lamp easily replaced.

ATIONS

Accessories Supplied: Power cord with ground terminal,
flash control cord with push button, and a plug to which
a contactor ean be connected.

Other Accessories Required: None, if lamp is to be flashed
manually by push button. For stroboscopic work, a Tyrr
1585-B Contactor, or a Tyre 631-BL. Strosorac with
Tyre 1532-P2 Transformer Cable is needed.

Mounting: Metal case; lamp is removable; storage space
for lamp ecable is provided in case. Lamp housing has
tripod socket with 4 x 20 thread.

Power Supply: 105 to 125 volts, 50 to 60 eycles or 210 to
280 volts, 50 to 60 cycles; see price list below.

Power Input: At HIGH intensity, 105 walts al 60 Aashes
per minute; 500 watts at 1200 flashes per minute. At
LOW intensity, 120 watls at 3000 flashes per minute,
Dimensions: 13 x 714 x 1114 inches, over-all; lamp unit,
6 inches diameter x 5% inches.

Net Weight: 18145 pounds. Lamp unit, only, € pounds,

Type | | Code Word | Price
1532-B Strobolume, 105-125 volts, 50 Lo 60 eycles..., |TirLe $275.00
1532-P1 Replacement Lamp .........cccvvviviiininiininns. | TOWEL 25.00
1532-P2 Transformer-Cable (Length: 7 feet) ............ TULIP 15.00
1532-BQ18 Strobolume, 210-250 volls, 50 to 60 cyeles.,,. | TITLEREPEL 300.00

PATENT NUOTICE. Soe Note i, page
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®

TYPE 1535-B CONTACTOR

USES: The Tyre 1535-B Contactor is a control
and coupling device for synchronizing a strob-
oscope with a rotaling shaft, so that motion
can be observed as a function of shaft angle.
It is particularly useful in the examination of
relatively low-speed machinery with the Typge
1532-B StroBoLuMmE, in such applications as
the timing of loom shuttles and the adjust-
menl of register in printing. It can be used
equally well with the Strosorac or with the
combination of Srrosorac and SrroBoLUX,
al speeds up to 5000 rpm.

DESCRIPTION: The elements of the contactor
are the electrical contacts. the phasing sys-
tem, and the mechanical coupling system.
The electrical contact system comprises an
accuralely rotating cam and a low-inertia

breaker arm. One contact is made for each
revolution of the drive shaft.

The phase-adjusting system permits a 360-
degree adjustment of the conlacts with respect
to the rotating shaft. The relative position
of the contacts is shown on a scale graduated
in 5-degree intervals. The scale can be set
to zero with no change in the contact setting.
This is particularly useful for making timing
studies. Two phasing adjustments are pro-
vided: one is located on the contactor body, and
the other is at the end of a detachable ten-foot
Hexible shaft.

The mechanical coupling system consists of
an 18-inch flexible shaft, whose free end termi-
nates in a powerful., multipole, Alnico magnet
with spring-loaded centering device, which as-
sures posilive drive from a centered steel or
iron shaft without need for drilling and tap-
ping the shaft.

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

FEATURES:

» (Can be easily attached and removed from
machine while in motion,

» Remole phase-control shaft is removable.
» Ball bearings are used on rotating parts.

» Flexible drive coupling shaft can be bent
through 90° angle for work in crowded loca-
tions.

#» Auxiliary coupling devices are furnished for
permanent coupling to shaft, or where shafl
is non-magnelic.

» (Contactor can be removed from stand and
mountled permanently on machine.

SPECIFICATIONS

Speed Range: O Lo 5000 rpm.

C per Revoluti One

Range of Phase Adjustment: 3607

Range of Height Adjustment: 6 inches to 4 feet

Diameter of Base: 18 inches

Accessories Supplied: Auxiliary coupling devices for con-
nection lo shaft in which hole has been drilled.

Other Accessories Required: When the contactor is used
with u Srrosorac, the Tyee 1535-P1 Adaptor Cable
is needed for connection to the Stronorac.

Net Weight: 199 pounds.

Type I I Code Word I Price
1535-B Contaetor. . i i siivissmssapnsssnsdussasrosseiinseiiisasss | CRODK |$150.00
1535-P1 Adaptor Cable........c.ccccveniiiiriieiaiinieiinicnisress |CROOKCABLE 6.00

PATENT NOTICE. See Note 6, page x
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UNIT INSTRUMENTS

eneral Radio Unil Instruments are electronic build-

G ing blocks for the laboratory. Their compact, rugged
construction makes them equally useful for production-
line testing. They are simple, inexpensive, high-quality,
high-performance units that can be used individually or
combined to form more elaborate systems,

Uniformity of cabinel and power supply design permit
economies in manufacture, without sacrifice of perform-
ance, ulility, or quality.

The purpose of the Unit line is to make available to
laboratories al a reasonable price, simple. basic instru-
ments that are needed for evervday work. These Units
are particularly suitable for the educalional laboratory,

Tyre 1214-A

TYPE 1214 UNIT OSCILLATORS

Compact, efficient, single-frequency and two-frequency
units, operaling directly from the ac line—excellent as
modulating oscillators and bridge generators. Four models:
120 ¢, 400 and 1000 ¢, 270 and 1000 ¢, 1 Mc. See page 112

TYPE 1210-C UNIT RC OSCILLATOR
20 ¢ to 500 ke

General purpose—sine-wave outputs, 50 to 1250, and
14,000 ohms—square-wave output, 2500 ohms, 18 usec
rse Lime—max. oulput, 2 watts— precision drive— re-
quires Unit Power Supply. See page 110
HF, VHF, UHF OSCILLATORS

These six oscillators cover frequencies conlinuously
from 0.5 to 2000 Me. Compact, low-priced units of ade-
quale power, with single-dial precision drive, they are
equally useful in the laboratory and in production tesi-

PULSE AND STANDARD-FREQUENCY GENERATORS

TYPE 1213-C FREQUENCY /TIME CALIBRATOR

Secondary frequency standard —includes stable erystal,
multivibrator, heterodyne detector, pulse amplifier —
produces harmonies for calibration up to 1000 Me—also
pulses for "seope calibration—requires Unit Power Supply.

See page 86

TYPE 1217-A UNIT PULSER

Compaet, versatile pulse generator— pulse duration 0.2
Lo 60,000 psec—rise time, 0,05 psec—internal repetition
rates, 30 ¢ Lo 100 ke—square waves al any frequency in
range— output 20 volts—external drive, if desired —out-
pul impedanece, 200 @ for positive pulses, 1500 © for nega-
tive— requires Unit Power Supply. See page 122

OSCILLATORS

Tyee 1210-C with Tyer 1203-B

where they are not only easy to fit into the budgel, bul
help the student to see an elaborate svstem as a combina-
tion of simpler componenl apparalus.

FEATURES:

Laboratory aceuracy.

» Low cosl.

# Reliable.

# Versatile, with 874 Coaxial Elements.
» Add-a-unit flexibility.
>
>
>

A4

Compact construction.
Simple to operate.
Can be relay-rack mounted,

Tyee 1215-B Tyee 1218-A

ing. Coaxial output for 50-ohm loads. Designed for use
with Unit Power Supplies. See pages 114 and 115

Type 1211-B Unit Oscillator 0.5-50 Mc
Type 1215-B Unit Oscillator 50-250 Mc
Type 1208-B Unit Oscillator 65-500 Mc
Type 1209-BL Unit Oscillator 180-600 Mc
Type 1209-B Unit Oscillator 250-920 Mc
Type 1218-A Unit Oscillator 900-2000 Mc

TYPE 1220-A UNIT KLYSTRON OSCILLATOR
—2700 to 7425 Mc,

Power source for measurementls—eight separate reflex
klystron tubes with self-contained eavities to cover range

amplitude  modulation: internal  1000-cycle  square
wave — square wave or pulse from Tyee 1210-C or Type
1217-A — [requency modulation or sweep: sine-wave {rom
Tyee 1214-A, Typr 1210-C, or 60 ¢ line— operates from
Unit Power Supply — 75 mw, max. oulpul. See page 116

Tyee 1213-C
with Tyee 1201-B

TYPE 1219-A UNIT PULSE AMPLIFIER

Over 500 ma load current available —oulput imped-
ance, 50 to 150 2 for positive pulses, 50 to 430 @ for
negative—driving voltage. 30 v negalive, 2.5 v positive
— max. pulse duration, negative drive, 2000 ysec: positive,
10,000 gsec— duty ratio 0.1 and 0.5 — rise and decay time,
0.04 gsee — buill-in power supply. See page 123
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UNIT INSTRUMENTS

- AMPLIFIERS

Tyre 1206-B with Tyee 1203-B
TYPE 1206-B UNIT AMPLIFIER

Single-ended push-pull circuit—output 8 watts, 20 ¢ to
50 ke: 1.5 watls 10 e to 100 ke; 0.5 watt at 250 ke—out-
put impedance, 600 2—less than 19}, harmonie distortion
—dréop in 30-c square wave, 159, open circuil; rise time,
1 wsec, open circuit—max. gain 84 db—requires Unit
Power Supply. See page 68
TYPE 1212-A UNIT NULL DETECTOR

Sensitive, wide-frequency range, logarithmic voltage

indicator for use as null detector in ac bridge measure-
ments— less than 40 uv for 19 deflection at 1 ke—range

POWER

Tyre 1203-B Tyee 1205-B

TYPE 1203-B UNIT POWER SUPPLY

Recommended for use with most Unit Instruments, un-
less more specialized uses require one of the other sup-
plies—300 volt d-e, up to 50 ma—6.3 v a-¢, 3 amp—
operates from 115 v, 60 c. See page 143

Tyree 1216-A

-

AND DETECTORS

Tyee 1212-A with Tyee 1203-B

30 ¢ to 5 Me
Power Supply.
TYPE 1216-A UNIT I-F AMPLIFIER

30-Mc i-f amplifier with 0.7 Me pass band—2 pv sensi-
tivity —accurately calibrated attenuator and meter—80
db range—for use with erystal mixer and Unit Oscillator,
as indicator in heterodyne-type null detector from 50 Me
to 5000 Me—also to measure relative signal levels, al-
tenuation, TV transmitter harmonics, crosstalk, ete. Has
own 115 v, 60 ¢ power supply which can also supply com-
panion Unit Oscillator. See page 65

on-scale range of 120 db—requires Unit
See page 63

SUPPLIES

TYPE 1201-B UNIT REGULATED POWER SUPPLY

Plugs into Unit Instrument —supplies 6.3 v ac at 3 amp:
300 volts regulated de up to 50 ma—operates from 115 v,
50 to 60 ¢, See page 143

TYPE 1204-B UNIT VARIABLE POWER SUPPLY

Includes Variac® Autotransformer for adjusting plate
voltage—panel meter indicates ac output vollage and
current—~0 to 300 v de at 100 ma; 6.3 v ac at 8 amp
—output available at binding posts as well as multipoint
connector. See page 143

TYPE 1205-B ADJUSTABLE REGULATED POWER
SUPPLY

DC output adjustable from 0 to 300 volts at 200 ma,
max.—excellent regulation, low hum. Also supplies fixed,
regulated bias voltage,— 150 volts, 5 ma, and two unreg-
ulated, 6.3 volt, ac output al 5 amperes each.

See page 142

RELAY-RACK ADAPTOR PANELS FOR UNIT INSTRUMENTS

Relay-rack adaptor panels provide still further Hexi-
bility of application for General Radio Unit Instruments.

Tyee 1217-A
with  Tyre

Panels are available for mounting each unit with power 1203-B in
supply, except for the Type 1218-A Unit Oscillator which, relay-rack
because of its size, must be mounted separately. panel.
Panel Type Height-inches Fits Types Code Word Price
480-P4UN X 1201, 1208, 1214 UNIPANARCH $10.00
480-P4U2 T 1204, 1206, 1210, 1212, 1213, UNIPANBOLT 10.00
1216, 1217, 1219, or 1220
480-P4U3 7 1204, 1206, 1210, 1201, UNIPANCART 10.85
1212, 1218, ]» and { 1203, or
1217, or 1220 | 1214
480-P5UC1 834 1211 or 1215 and 1201 or 1203 UNIPANGOLF 15.00
480-P4UC1 7 1208 and 1201 or 1203 UNIPANDOCK 12.00
480-P4UC2 7 1209 and 1201 or 1203 UNIPANFORT 12.00
480-P7U1 1214 1218 UNIPANHUMP 15.00
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VARIAC™ AUTOTRANSFORMERS

eneral Radio’s VARIAC® aulotransformer
gives smooth, continuous, manual con-
trol of ac voltage from zero to 179, above
inpul line voltage. Available in single units
and in combinations in ratings from 300 va
to 25 kva, Variacs are designed for maximum
efficiency, continuous service, long life, and
minimum maintenance.
USES: A few of the countless applications of
the Variac in the shop and in the laboratory
are:
» Control of a-¢ voltage in testing and devel-
opmenl work.,
» Control of electric heaters and ovens in the
laboratory, pilot plant, and production line.
» Overvoltage and undervoltage tests.
» Outpul voltage control in transformer-rec-
tifier power supplies.
» Voltage control on racks for aging of lamps,
acuum tubes, and dry-disk rectifiers.
» Lighting control in theaters, auditoriums,
photographie studios, and darkrooms.
» Motor speed control.
» Vollage control in the calibration of volt-
meters and ammeters.
» Phase-angle control in the calibration of
waltmeters and power-factor meters.
» Variacs, although built for 115- and 230-
voll eircuits, can be used on circuits of higher
or lower vollage in conjunction with fixed-
ratio auxiliary transformers. Ganged units are
available for parallel, series, and polyphase
connections (see page 205).
DESCRIPTION: The Variac consists of a single-
layer winding on a toroidal iron core. As the

Cutaway view of
W-model Variac

AMuminum  disk  raddi-
ator for rapid  heal
dissipation

Molded  phenolic  nut
clamps coll firmly (o
Iuser

Hollow  sleeve  bolt
engages nul and ear-
ries shaft

Square  aluminum
base  for  convenien!
mounting and adapt-
ability

dial is rotated a carbon brush contact traverses
the winding, “tapping off" a portion of the
total voltage across the winding. The brush is
always in contact with the winding, and the
voltage between turns is always less than 1
voll, even in the largest models, while in the
smallest model it is only about 0.3 volt.

The voltage increments obtained as the dial
is turned are always less than the voltage
between turns; since the brush spans more
than one turn, the change in voltage is prac-
tically continuous. The brush characteristics
are such that excessive heating does not occur
in the turns bridged by the brush.

DURATRAK: Variacs have brush tracks trealed
by the Duratrak* process, which coats the
brush-track surface with a uniform silver alloy,
to prevent oxidation and brush-track deteri-
oration. Duratrak makes the Variac as durable
as a fixed-ratio autotransformer. Duratrak
means long life, high overload capacity, and
minimum maintenance requirements. With
Duratrak, a Variac can stand a momentary
overload of 1000 percent without damage.

FEATURES:

» High efficiency.

» Smooth control.

» Good voltage regulation.

» Negligible waveform distortion.

» Voltage varies linearly with dial rotation.
» Outpul voltage above line voltage.

» Adaptability to motor drive.

sedd it Lhe Genersl Radio Laboratories
I NOTICE. Sev Note 8, page «

Brass  lake-ofl  conneetor, bearing  on
bronze leal spring in radiator.

Genersl  Radio unit brush,  bearing  on
Dueratrak commutator surface,
Ball bearing (not standard. but  sup-
plied on order, see page 217)
banked  on

Accurately  wound  eoil,

inner radius,
Strip-wound core

Annular cups of molded phenolie  com-
pletely encase core

Lower bearing.

Resin-impregnated gluss-cloth insti-
lates eol  from  base, but  maintains
wood thermal eontaet
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VARIACS

7

VARIAC TYPE NUMBERS

Type numbers for Variac® Autotransformers
and their various combinations are made up of
letters and numerals that indicate exactly
what elements are included in each assembly.
An example is shown at the right.

Basic Variac type

230 volts

3-gang assembly

Motor -driven with ball bearings

16 seconds for nominal 32(° traverse
Motor capacitor

Microswitches
I- Case furnished

W5HG3DIGCKM

GENERAL SPECIFICATIONS

Dial: Dial plales are reversible; 0 to 115 volts on one side,
0-135 on the other. H-models have similar scales 0-230
and 0-270.

Protective Devices: M'T and MTS models have built-in
circuit breakers; Tyees W50, W50H, W20H, and Wl
have built-in fuse-Lype prolectors (see curves below).
Overload Ratings: Rated current may be safely exceeded
for short-time overloads as indicated in the curves
below. The shaded area shows the limils for those
Variacs that have built-in fuse-type protectors (Types
WsL, W20H, W50, W50H). For all other models, use the
curve for Variac alone.

Frequency: Specifications of W-models are for  50-
to 60-cycle service. Variacs can be operated al rated cur-
rent and voltage at line frequencies from 50 to 400
cycles. For 25-cyele service, refer to page 218. For
400- to 1200-cycle service, refer to page 214.

Rated Current can be drawn from the Variac at any dial
position. When the overvoltage connection is used, the
load should not take more than rated current at maxi-
mum output voltage setling.

Maximum Current can be drawn al maximum voltage when
the line-voltage connection is used. At any lower setting
the Variac will control a constant-impedance load draw-
ing no more than the maximum current at line voltage,
Output Voltage is the range of voltage available at the
output terminals with rated inpul voltage,

Terminals: Tyre W2, W5, W10, and W20 have combined
soldering and screw-type terminals. Tyre W50 models
have self-locking terminals.

For ambient temperatures above 50 deg. C. the
VARIAC should be derated according to this curve.

g
7

3
7

g 3

% NORMAL RATING
=
5

8 & &

=
L —

o

30 40 Sa &0 TQ B8O 90
BG oa 22 140 is8 Ire 194

AMBIENT TEMPERATURE

i
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Line-Voltage or Overvoltage Output Connections: ''Line
Voltage Connection' refers to the connection for output
voltage range of zero to line voltage. “Overvoltage con-
nections'” refers to the connection for outpul voltage
range of zero to 17%, above line voltage.
KVA Rating is the maximum current multiplied by normal
input line voltage. A Variac can handle, al any lower
setling, a constant-impedance load that draws al rated
input voltage a current no greater than the maximum
current.
Temperature Rise: Variac ratings are based on operation
al ordinary room temperatures, with an average tem-
perature rise of not more than 50°C. When ambient
temperature exceeds 50°C, kva ratings should be de-
as shown in the chart on this page,
No-load Loss is measured at 60 cycles with rated input
voltage. Losses are guaranteed nol to exceed Lhe
values given in specifications.
Driving Torque is Lhe Llorque required to turn the
Variac shaft,
Panel Thickness is Lhe maximum thickness of the panel
on which the Variac can be mounted, with the shaft
normally supplied.
Mounting: See photographs on following pages.
Dimensions: Over-all dimensions are given with the indi-
vidual Variac deseriptions. Complete dimensional sketches
and drilling templates will be furnished on request.

Weight: See individual specifications,

For use when high initial surge current may be ex-

pected (motor starting, incandescent lamp load,

ete,) and for short-time overloads, the VARIAC

rated current may be exceeded on a time-current
basis as shown in this figure.

M B ipr=pue-ah i =) T
1000 OVERLOAD [LIMIT - 1,000% _THIS CURVE SET BY VARIACY ALONE
200 \ !//
£ 400 \J' SHADED AREA SET BY
E \ BUILT-IN OVERLOAD PROTECTOR
& 10 <
~
I 600 -
= /\L
& s00
= s HOUR —
e liZouR - 33%
# wa0)—| _.JT
} M~ Z.‘!..’!?E'_'l&
100 T ‘ I ‘| { I
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SEC 006 06 € 80 600 6000
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VARIACS

GANGED VARIAC® ASSEMBLIES

FOR PARALLEL, SERIES,

The nsefulness of the Variace is extended through two-
and three-gang Variae assemblies, 1o the control of sev-
eral eircuits from a single knob, to the control of

AND THREE-PHASE OPERATION

Variacs connected in parallel or in seres, or to Lhe
control of three-phase cireuits, either wye or  delta
connected.

PARALLEL COMBINATIONS

f\ O) ( b) LINE

The larger-size VARIACS (Types W20 and W50) can
be operated in parallel il a Type 50-°1 Choke is used to
limit circulating current. as shown in circuit (a) at left.
Load rating of two identical VARIACS in parallel is twice
that of a single VARIAC. Parallel operation is not usually
recommended for smaller VARIACS, becanse the use of
the next larger size VARIAC is more economical. Where
a load rating in excess of two Type W50 units is needed,
a Lhird unit ean be added by using a Tyee 50-P2 Choke,
as shown in eirenil (h). Four-gang and six-gang units can
also be paralleled. For the 4-gang parallel connection, three
Type 50-P1 Chokes are needed; for the 6-gang, three
Type 50-P1 and two Tyre 50-P2. See page 211 for prices
of chokes.

THREE-PHASE COMBINATIONS

Open-Delta Connection: Will this connection. two Variaes
will control a Lhree-phase load  from a  three-phase
source. Maximum oulpul voltage can be either line
voltage or 17 percent above line voltage. The load
raling of a two-gang open-della circuit is 1.782 times
that of a single Variae, With 230-volt models. oulput
voltages of more than double the supply voltage can be
obtained, althongh current and power ratings are halved.
Wye Connection: Wye-conneeled Variaes can be  oper-
ated Trom three-phase lines of twice the Variae vollage
eating. This is because the voltage across each leg of

a wye-connected assembly equals line volls divided by,

V3, und beeause 115-voll Variaes are wound for a maxi-
mum of 1835 volts and 230-voll Varines are wound for
a maximum of 270 volts. With the wye conneclion, the
voltage across the Variae on a #60-voll line is 266 volts,

and on o 230-volt line, 133 volts. Although the over-
voltage feature is sacrificed in this eircuit, the kva raling
is inereased by the ratio 183:115. Load raling of a wye-
connecled assembly is 8.47 times that of a single unit.

As with single-phase assemblies, Variacs can also be
paralleled on three-phase cireuits. A 4-gang delta connee-
tion requires two Type 50-P1: a G-gang. two Tyee 50-11
and two Type 50-P2. A G-gang wye requires three Type
A0-1'1.

DELTA

LINE
Loap

AR SERIES OPERATION

The series connection is useful in the operation of 115-voll units from 230-volt lines and
230-voll units from 460-voll lines. This eireuil cannot be used, however, when a common
connection between line and load is required, as, Tor instance, when the load is grounded.

Ganged Variaes are supplied completely assembled and ready for wiring and installation.

-0 O

Tyee 50-P1 Choke for
limiting circulating cur-
W35 Variae (Tyre W5G3M). rent in parallel  com-
binations.

A three-gang Tyvee W20
Variae (Tyvee W200G3).
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VARIACS

7

Portable model with
convenient handle has
overload protector and
is available in 2- and
J-wire models,

Cased model for wall
mounting has conduit
knockouts,

Uncased model  for
panel mounting,

Er—a>—

Cover of cased model
casily removable for access
to terminals, mounting

holes, and brush.
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THE W-MODEL VARIAC

The W-model Variac is the lalest resull
of a continuous development program that
started over 20 years ago, when General
Radio introduced the first commercial vari-
able auto-transformer. The advent of the W-
model is a major stride in this development.
Design features include Underwriters Labor-
atory listing for the W2, W5, W20, and W50,
military ruggedization, and counterbalanced
rotating parts. The basic open units have
square mounting bases for convenienl instal-
lation. Cased models are totally enclosed for
protection from dust, with ready access to the
interior. Wall-mounted, cased models have
conduil knockouts, for ganged assemblies as
well as for individual units.

A portable model, which can be used in
either a horizontal or a vertical position, has
a built-in ecircuit breaker and is supplied with
a carrying handle. This model is available with
the new standardized three-wire grounded
cord sel and receptacle, as well as with the
more usual two-wire arrangement.

W-model Variacs are interchangeable with
comparable-size, older, V-models*, since
mounling holes corresponding to those of V-
models are provided on the W-model base.

The flexibility of the new design permits
the manufacture of unils incorporaling many
special modifications, such as the addition of
ball bearings, motor drive, conlinuous 360-
degree rotation, and two separate brush
tracks. All W-models are Duratrak treated.

M-model Variacs for 400- to 1200- cycle
service are similar in design to W-models
(page 214).

*Some Vemodels are still availabile for those wha find it ineon.
venienl Lo ehange Lo the new Wamaodels,

is Shaft can be easily ad-

justed or replaced without

disturbance to the rest of
the assembly.

File Courtesy of GRWiki.org

VARIAC INDEX

115-VOLT INPUT

KVa Type Page
036 | W2 207
0.4 W5 208
1.5 | Wio 200
3 w20 210
5.75 | W50 211
6 wW20G2 | 210
9 W20G3 | 210
11.50 | W50G2 | 211
17.25 | W50G3 211
%~ 230-VOLT INPUT
I 0.6 | W5H 208
& o7 |w2e2 | 207
2 12 |WI0H 209
2 18 |wse2 |8
S 24 |w2H |20
3 w1062 200
4.8 | W20HG2 | 210
[ W20G2 210
7.5 | W50H 211
15 W50HG2 | 211
225 | WS50HG3 | 211
460-VOLT INPUT
1.2 | W5HG2 | 208
24 | WIOHG2 | 208
L5 | W20HG2 | 210
15 W50HG2 | 211
230-VOLT INPUT
1.0 | W5HG2 | 208
1.25 | W2G3 207
2.1 | WIOHG2 | 200
w 31 |wse3 [ 208
3 4.1 W20HG2 | 210
T 52 | WIOG3 | 208
& 0.4 | W20G3 | 210
W13 | WS0HG2 | 211
% 20 WS50HG3 | 211
= 460-VOLT INPUT
2:1 W5HG3 | 208
4.1 WI0HG3 | 209
5.2 | W20HG3 | 210
26 WS50HG3 | 211
Motor Drives 212
Specials 213
High-Frequency
Units 214
25-cycle Ratings | 213
Metered Models 215

Overload protector, a new
feature on portable models,
is resel from front panel.



@ VARIACS

TYPE W2 VARIAC WiTH DURATRAK

Type W2M

Cased Model, with Con-
duit Knockouts.

Case Dimensions: Width
44 in., Height: 5%, in.,
Depth: 4!4 in.

Type W2MT, W2MT3

Portable Model.

For 2-Wire Service (Tvyre
W2MTS3 for 3-Wire).

With Overload Protec-
tor, Carrying Handle, Cord,

Type W2
Uneased Model.
Mounting Base: 3!4 inches square,
Depth Behind Panel: 3'%, inches,
Four Mounting Holes on 23;-inch
square, also 3 holes on 1Y4-inch Plug, and Outlet.
radius, Case Dimensions: same
Max. Panel: 3§ inch. as for W2M.,

Complete dimension drawings furnished on request.

Line-Voltage (ervoltage
Connection Connection
= s LB )
3§ S ElS (8.
= = |73 2 || L
< g1 | T[2€| 55| £
2 SE|se | B3| 3 | velosz|Rf| 3% |5y
35 (3F (&5 (88| § | ES[pEREl|fi|Eila
" . B3 (35| 523 (85| 7 | 83 |535 2| B8 | B G :
Type Mounting 22 | S8 S | =8| € A2 (283|183 2 2| = 2| Word Price
w2 Uncased 115 24 | 0-115 | 3.1 096 | 0-1835] 24 [35 | 5-10 | 35 |sacaL |$13.50
W2M With case 115 2 |0-115 | 2.6 | 080 | 0-185] 2 5.5 | 5-10 | 44 |saGeEr | 19.00
W2MT Portable 115 Spe Note' Below 0-185| 2 8.5 | 5-10 | 4%; |sacic | 24.00
2-wire
i 5 2 -135( ¢ 85 | 5- 34 302
W2MT3 .li_mi!nhle 115 See Note! Below 0-135| ¢ 8.5 | 5-10 | #24 |sacom | 26.00
S=wire
VB-1 Replacement Brush 0.75

'MT models are shipped with pvervoltage connections and eorvesponding dinl seales, hut can be supplied on special order with line-
voltage connections and dial seibes,

GANGED ASSEMBLIES

Dials for ganged assemblies are marked 0 to
10 on one side, 10 to 0 on the other. For ratings
of gangs, see page 205. A sel of right-angle
mounting brackets is supplied. To determine
ratings of gang for various classes of service,
refer Lo page 205. For ball bearings and motor
drive, refer Lo page 212.

Net Weight
Type |Description pounds | Code Word | Price

W2G2 [R-gung VLT BAGALGANDU | $32.00
W2G2M [2-gang cased 834 BAGALRONDU | 40.00
W2G3 |3-gung 1084 BAGALGANTY | 48.00

W2G3M J5-gang cased 1214 BaGALBONTY | 56.00

Complete dimension deawings furnished on reguest
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VARIACS @

TYPE W5 VARIAC witH pDurRATRAK

TypesW5M W5HM —
Cased Model, with Con-
duit Knockouts,
Case Dimensions:
Width 47 in., Height
6%y in., Depth 4!4 in.

Types W5MT, W5HMT, W5MT3

Portable Model.

For 2-Wire Service (Tyee
W5MTS3 for 3-wire).

With  Overload Protector,
Handle, Cord, Plug and Outlet.

Case dimensions same as

Types W5, W5H
Uncased Model.
Mounting Base: 414 inches square.
Depth Behind Panel: 4 inches.
4 Mounting Holes on 3% inch square;
also 3 holes on 124 -inch radius,

Max. Panel: 3§ inch. W5M.
Line-Voltage Overvoltage |
Completedimension draw- Connection Connection
ings furnished on request. & g Ny ;'. ‘%’ %
8 _s Be|Zx| B8 | =
ol wilan |83 . |34 [53] 32 |5,

35(3EE|ES (5B (2. 35 [3E|8L8¢ |25 cme
Type Mounting |ES|SES|8L |53 |8E| 82 |23 (23|88 |Z&]|Word | Price
W5 Unecased 115 6 0-115 7.8 | 0.9 0-135 6 9 |10-20 | 634 |corar |$17.00
W5M With case 115 5 |0-115 6.5 | 0.75 | 0-185 5 9 |10-20 | 714 JcorER | 22.50
W5L Uncased 1156 | 8.5 |0-115 | 11 1.27 5 d 12 |10-20 | 6% Jeorve 17.50
W5LM With case 15| 7.1 |0-115 9.2 | 1.1 ! : 12 [10-20 | 7}4 Jcorar | 23.00
W5MT Portable 2-wire | 115 Seo Note' Below 0-135 5 9 |10-20 | 844 Jcoro 27.50
W5MT3 | Portable 3-wire | 115 See Note' Below 0-135 5 9 | 10-20 | 8)4 Jcorom | 30.00
W5H Uncased 230 2 o230 | 26| 6 | 0270 ¢ 9 |10-20 | 6% |sosaL | 20.50

115 1 0-270 1
W5HM Cased 230 2 [0-230 2.6 b 0-270 2 9 |10-20| 74 |soBErR | 26.00

115 1 0-270 1
WS5HMT | Portable 2-wire | 230 See Note' Below 0-270 2 9 |10-20 | 8 Juomic 31.00
VB-2 Replacement brush for W5, W51, 0.75
VB-1 Replacement brush for W5H 0.75

'MT models are shipped with overvollage conneetions and corresponding dial seales, bul van he supplicd on special order with line-
voltage connections and dial seales.

*For 60-cycle use only: no overvoltage connection provided.
For 25-cyele operation, see page 213,

GANGED ASSEMBLIES

Net Weight Net Weight
Type pounds  Code Word ~ Price Type pounds  Code Word  Price
W5G2 2-gang 1334 | coraraannu 1$41.00 W5LG3*  |3-gang 19Y5 Jcoruceanty |$62.50
W5G2M  |2-gang cased 1414 | coraLsoNbu | 49.00 W5LG3M* |8-gang cased | 215 |corucsonty | 70.50
W5G3 3-gang 205 | corarcanty | 61.00 W5HG2 L-gang 13% JOBALGANDU | 48.00
W5G3M  |3-gang cased | 224 | coransonty | 69.00 W5HG2M | 2-gang cased 1415 liosausospu | 56.00
Ws5LG2* 2-gang 1 31/ coTuaeanNnpu | 42,00 W5HG3 3-gang 204 liosanGanty | 71.50
W5LG2M* 12-gang cased IJ% corvaeoNnu | 50,00 W5HG3M 13-gang cased | 22}4 lsosarsonty | 79.50

UL-CSA APPROVAL: Tyees Wa, WL, WaM, WsM'T,
and WAMTS are listed under the Re-examination Service

of the ITmlurwnl’erq ‘Lalmra'lm:los Tyres “‘5 WsM, «Caiiiol Yie toedl in- $90voit. Srfinme, wye vonnseiion or singe
W5H, WiHM, WaMT, WaHM'T, and .“:J“TJ are ap- phise avervollage connection: ean be nsed i wye connection on
proved by the Canadian Standards Association. 208-voll, 3-phase line.
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VARIACS

TYPE W10 VARIAC witH DURATRAK

Type W1OM, W10HM
Cased Model, with conduit knockouts,
Case Dimensions: (width) 6% x (height) 913 x
(depth) 514 inches.

Type W10, WI10H
Uncased Model.
Base: 5% inches square,
Depth behind panel: 4'Y, inches.
Mounting holes on 4% -inch square;
also 3 holes on 2% -inch radius.
Max. Panel: L5 inch.

Type WI0OMT3, W10HMT3
Portable Model, for 3-wire service.
Has overload protector, carrying handle,
cord, plug, and outlet. Case dimensions,
same as for Tyee WI0M.

Line-Voltage Overvoltage

Completedimension draw- Connection Connection
ings furnished on request. | 2 g SR E 5

§.- § y § i g :.': o § ?". =

= | g L5183

Al oswl ws | Be |l <5 [SE[ER| 27 |83

S |(wEE| 88 | 8| & ST (B8 l|lE8|=E

SISSE| 55 | 85| 5:| 55 (35| Sg| 25|35 |G
Type Mounting L [E2SE| S [SC (S| S5 |[KR|sS(RE8 | = & \Word Price
wio Open 115 10 | 0-115 18 1.5 0-185 | 10 | 17 |15-80 | 12Y% Jpocar | $31.00
wWiom With case 115 10| 0-115 13 1.5 0-135 10 17 |15-30 | 15  |poceERr 44.00
WIOMT Portable 2-wire | 115 See Note' Below 0-135 | 10 17 |15-80 | 16 |pocio 48.00
WI0MT3 | Portable 8-wire |[115 See Note' Below 0-135 | 10 | 17 115-80 | 16 |pocom 51.00
WI10H Open 2830 4 | 0230 | 5.2 12 0-270 4| 17 [15-80 | 12 Juuran 33.00

115 S 0-270 2
WI0HM Wilh ease 230 4 [o0230 | 52 [ 12 [oero| 4|17 [1580 | 142 |uvrer | 46.00

115 2 0-270 <
WI0HMT Portable 2-wire | 230 See Note' Below 0-270 4+ 17 |15-80 | 1515 IL.L"I‘ll' 50.00
WI0HMT3 | Portable S-wire 230 |  See Note' Below 0-270 4 [ 17 [15-80 | 15)% Juutom | 53.00
VBT-10 | Replacement Brush for Tyer W10 1.25
VBT-11 Replacement Brush for Tyre WI10H 1.25

EMCE and MU models have overvoltage connection and corresponding dinl seales, but can be supplied on special order with line voltage con-

neetions and dial seales.

Far Li-evele operation, refer Lo page 215,

GANGED ASSEMBLIES

Dials for ganged assemblies are marked 0 to
10 on one side, 10 to 0 on the other. For rat-
ings of gangs, see page 205. A set of right-angle
mounting brackels is supplied. To determine

Tyre WI10G2

ratings of gang for various classes of service,
refer to page 205. For ball bearings and motor
drive, refer to page 212.

Net Weight

Type Deseription  pounds Code Word  Price
WwWi10G2 2-gang 2614 |pocarcanpul$ 72.00
WI0G2M | 2-gang cased | 30Y% |vocausonnu| 93.00
W10G3 S-gang 3915 |pocarcanry| 105.00
WI0G3M | 3-gang cased | 4315 |pocaLsonrty| 128.00
WI0HG2 |2-gang 25 LUTALGANDU| 76.00
WI0HG2M | 2-gang cased | 29 LuTaLBoNDpu| 97.00
WI0HG3 | S-gang 37 LuTALGANTY | 111.00
WIO0HG3M | 3-gang cased | 42'% juurausonty | 134.00
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VARIACS

TYPE W20 VARIAC wiTH DURATRAK

Type W20M, W20HM

outs.

Ty[a W20*, W20H*
Incased Model.
Base: 714 inches square.
Depth behind panel: 434 inches.
4 Mounting holes on
614 -inch square; also 3 holes on 3-inch radius.
Max. Panel: 3 inch.
*Approved under re-examination service of the
Underwriters’ Laboratories.

Cased Model, with conduit knock-

Case Dimensions: (width) 8% x
(height) 11% . x (depth) 53§ inches.

Type W20MT3, W20HMT3

Portable Model,
wire service.

Has overload protector,
carrying handle, cord,
plug, and outlet. Case
dimensions, same as for

Tyre W20M.

for 3-

Line-Voltage Overvoltage
Connection Connection | B &)
3 3 S8 S
§- 8 2 £= ['E
Sompleta dimension 2 g 5 L poll ‘E'%
rawings on request % e | B el (- T ;- 3|88 8 |
| SEHE A EHE R e R
Type Mounting B | 2= | 82 = S g S |2 g =22 5 | =X | Word Price
w20 Uncased 115 20 | 0-115 20 3.0 0-185] 20 |27 |45-90 | 2115 | rEpaL | $45.00
W20M With case 115 20 | 0-115 26 3.0 0-135] 20 | 27 |45-90 | 24)5 | repER | 58.00
W20MT3 Portable 115 See Note' Below 0-135| 20 |27 |45-90 |28 |rEvom | 87.00
W20H Uncased 230 8 [ 0-230 | 104 | 24 0-270 8 27 |45-90 | 2014 | mErAL | 47.00
115 4 0-270 +
W20HM With case 230 8 | 0-230 | 104 | 2.4 0-270 8 | 27 |45-90 | 28L5 | mErER | 60.00
115 4 0-270 4
W20HMT3 | Portable 230 See Note' Below 0-270 8 | 27 |45-90 |27 |mmrom | 85.00
VBT-8 Replacement brushes for W20 models, per set 2.50
VBT-12 Replacement brushes for W20H models, per set 2.50
! MTS models have overvoltage connections and corresponding dials, but ean be supplied on special order with line-voltage connec-
tion and scales.
Frir 25-evole aperalion, see page 215

GANGED ASSEMBLIES

Dials for ganged assemblies are marked 0 to
10 on one side, 10 to 0 on the other. For rat-
ings of gangs, see page 205. A set of right-angle
mounting brackets is supplied. To determine

Tyre W20G3M

210

ratings of gang for various classes of service,
refer to page 205. For ball bearings and motor
drive, refer to page 212.

GANGED ASSEMBLIES

Net Weight
Type Description | pounds | Code Word | Price
W20G2 2-gang 44 |rEpALGANDU|$100.00
W20G2M | 2-gang cased 48 |rEDALBONDU| 125.00
W20G3 3-gang 65 |FEDALGANTY| 147.00
W20G3M |3-gang cased 71 |FEDALBONTY| 175.00
W20HG2 |2-gang 41 |mEPALGANDU] 104.00
W20HG2M |2-gang cased 45 |mEPALBONDU] 129.00
W20HG3 |3-gang 61 |mepaLcanTy| 153.00
W20HG3M I8-gang cased 67 ImeransonTYl 181.00
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| VARIACS

TYPE W50 VARIAC witH DURATRAK

Tyre W50M, W50HM

Tyre
W50, W50H Tyre W30G3M UL and CSA APPROVED
Tyee Wi0 and Wa0H

Dimensions: [ ncased models, base 1216 inches square:  Variaes are listed under the

depth behind panel, 614 inches; four mounting holes  re-examination service of

on 1034 <inch square: also 3 holes on 4Y5-inch ra-  the Underwriters’ Labora-

dius. Cased models with conduit knockouts; case, tories,and are also approved

(height) 161 x (width) 187, % (depth) 715 inches. by the Canadian Standards

Complete dimension drawings on request, Association.
Line-Voltage Overvoltage
Connection Connection |
—~~ = [
3I 3 ¥ |[Ss| Fs |l
S EE £ | 3| &€ |F
N R 8 Sz|:2| % |Ts
~— - -~ = ~ B -~ b .
35(|38| Bs |8 | Bg | 38| 5L £E [
. |S3|SE| 33 (858 |52 | 38 | 3E| 28| £§ |28 G
Type Mounting |~= |== A Rdw |[& | O | 8w | 8N SE | =8| Word Price
W50 Uncased 115 | 50 |0-115| 50 5.75 | 0-185 | 50 50 150-800 | 50 | caran | $120.00
W50M Cased 115 | 40 [0-115] 45 518 | 0-135 40 a0 150-300 | 57 GATER 145.00
W50H Uncased 0| 25 |0-280| 825 |7.5 0-270 25 a0 150-300 | 53 NITAL 120.00
115 0-270 12.5
W50HM Cased 230 | 20 [0-280 | 31 7.18 | 0-270 20 a0 150-300 | 60 NITER 145.00
115 0-270 10 B
VBT-6 Replacement brushes for W50, per set 5.50
VBT-7 Replacement brushes for W50H, per set 5.50
For 25-cyele operation, see prge 213
GANGED ASSEMBLIES
For series, parallel, or three phase connections, ganged parallel connection. Dials on ganged units read 0-10.
W50 units can deliver up to 26 kva. See page 205 for Dimension drawings on request.
caleulation of ratings. Be sure to order chokes for the
Type Weight Code Word Price Type Weight Code Word Price
W50G2 2-Gang 1031bs} GaTaLcanpu | $260.00 W50GS5BBM |5-Gang | 295 | caraLsonro | $735.00
W50G2M 2-Gang 11514 | GaTALBONDU 310.00 W50G6BB 6-Gang 325 GATALGANSA 800.00
W50G3 3-Gang 158 | GATALGANTY 385.00 W50G6BBM | G-Gang | 855 GATALRONSA 870.00

W50G3M 3-Gang 17814 | GATALBONTY 440.00 W50HG4BB | 4-Gang 230 NITALGANKA 540.00
W50HG2 2-Gang 109 | NITALGANDU 260.00 W50HG4BBM| +-Gang | 235 NITALBONKA 600.00
W50HG2M | 2-Gang 12115 | NITALBONDU 310.00 W50HG5BB | 5-Gang 205 NITALGANFO 670.00
WS50HG3 3-Gang 167 NITALGANTY 385.00 W50HG5BBM| 5-Gang | 320 NITALBONFO 735.00
W50HG3M | 3-Gang 18214 | NrraLBONTY 440.00 W50HG6BB | 6-Gang 855 NITALGANSA 800.00
W50G4BB 4-Gang | 215 GATALGANKA 540.00 W50HG6BBM| 6-Gang | 885 NITALBONSA 870.00
W50G4BBM | 4-Gang | 240 | GATALBONKA 600.00 50-P1 Choke 114 | parALLCHOK 16.00
W50G5BB 5-Gang 270 GATALGANFO 670.00 50-P2 Choke 1Y TRIPLECHOK 16.00

21
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VARIACS

\

BALL BEARINGS

W- and M-models can readily be supplied
with ball bearings, which provide more pre-
cise alignment, and slightly lower and more
nearly constant torque.

When ordering a Variac or gang equipped
with ball bearings, add the suffix -BB to the
type number and add the price shown in the
accompanying table. For cutaway view of
ball-bearing model, see page 203.

Ball bearings are standard equipment on all
motor-driven Variacs and on all 4-, 5-, and 6-

gang W50 and W50H models and are included
in Lhe price.

SURCHARGE FOR BALL BEARINGS

W5,
W5H, | W10, | W20,
W5L, |WIO0H, | W20H, | W50,
Type w2 | M5 M10 M20 W50H
Single Unit | 5.00 6.00 | 7.00 8.00 15.00
Two-Gang |7.00 | 8.00| 9.00 | 10.00 20.00
Three-Gang | 9.00 | 10.00 | 11.00 | 12.00 25.00

SPECIAL VARIACS

Special Variacs ean be supplied to meel spe-
cific requirements, such as additional winding
taps, fungicide treatment, special shafl lengths,
or outpul voltages or voltage ranges different
from those of standard models.

The General Radio Company welcomes in-

quiries on special Variacs, and is glad to fur-
nish them when the quantities involved are
sufficient to make production economically
practicable.

Variacs can also be supplied on special or-
der less knob, dial, ete.. at lower net prices.

MOTOR-DRIVEN VARIACS

All Variac Autolransformers, both single
units and gangs, can be furnished with motor
drive. The motor mounting plate is attached
to the Variac base by four posts, and the mo-
tor is geared to the Variac shaft. All motor-
driven models are equipped with ball bearings.

Fully enclosed, two-phase, gear-reduction
motors of the servo type, having very low mo-
ment of inertia, are used. Three basic speeds
are available, which together with a selection
of stocked, standard, coupling gears make pos-
sible the assembly of units having full traverse
rates of 2, 4, 8, 16, 32, 64, and 128 seconds.
The 2- and 4-second models are intended for
high-speed servo applications, while the slower
models are primarily intended for remote po-
sitioning applications, although they are used
for slower-speed servo work. Motors are 115-
volt, 50-to-60-cycle Lypes.

The two-phase motor supply may be derived

2-gang W5 motor-
driven Variac,
with case,

212

from either (1) a servo amplifier or (2) from
the 115-volt line, with a capacitor to pro-
duce the necessary phase shift. Capacitor is
supplied.

Mechanical stops are adequate for the higher
speeds, but electrical limit switches are nec-
essary for the slower types. Limit switches
can also be provided for the higher speeds,
however, and are sometimes used for signal-
ling purposes or to stop rotation at any de-
sired point.

Cases similar to those on W gangs are avail-
able for motor-driven models, whether single
units or gangs.

In the table on page 213, available combi-
nations are listed for each size of Variac. When
less than 5 units are ordered, the set-up charge
must be included. All prices shown are to be
added to the price of the Variac (single unit
or gang) on which the drive is to be installed.

2-gang W2 motor-
driven Variae.
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& VARIACS

Unit! Set-up Add
Price | Charge for
\ in lots | Prorated | case
of 5 1to4
or more | units
(add to
Seconds for 820° pl;:);'e
I'raverse Q 4 8 16 32 64 128 Varie
Microswitches or
Required No No No No Yes Yes Yes gang)
12 x X X X X X $ 80.00 $6.00 $12.00
VARIAC | 2G2 X X X % % X 82.00 6.00 12.00
Tyre |[26G3 X X X X X X 84.00 6.00 12.00
] X X X X X X 81.00 6.00 16.00
w 5GR X X X X X X 83.00 6G.00 16.00
or 5G3 X X X X X X 85.00 G.00 16.00
MY o X X X X X X 97.00° 1200 32,00
115 10G2 X >4 X X X 99,000 12.00 34.00
or 1063 X X X X 101000 12.00 36.00
230 20 X X X X o 44 X 103.00%| 12,00 35.00
volts 20062 X X X X b.4 X X 105.00%] 12,00 38.00
20GS X X X X X X X 107.00° 12.00 41.00
50 X X X b 4 X X X 133.00 12.00 556.00
a0G2 X X X X X X 123.00 12.00 60,00
500G X X X X X 128,00 12.00 65.00
50G4 Note * X X X X X
5005 X X X X
S0GE % X X )4

! For less than & units, prorate set-up charge over quantity ordered.

f Models below heavy line are available on special order and are all supplied with microswitches. Prices on request.
* Add #7.00 per unit for microswitehes,

' i0-eyele motor on 400-cyele Variae.

* Nominal for 60-cyele supply. Actual speeds may vary =207, from this value.

" Add #8.00 per unit for M type Variaes.

VARIACS FOR 25-CYCLE SERVICE

230-volt Variacs, designed for 60-cycle serv-  half their 60-cycle voltage and load ratings,
ice, can be used on 25-cycle supply at one-  as listed in the table below.

Line-Voltage Connection Overvoltage Connection
Rated | Rated Output | Output | Max. Output | KVA at Maz. | Output | Rated Output
Input- Current- Voltage Current- CQutput Voltage|  Current-
Tupe Volts Amperes Range Amperes Voltage Range Amperes
W5H, HM, HMT* B 115 2 0-115 2.6 3 0-135 2
WI0H, HM, HMT*, HMT3* 115 k 0-115 52 .6 0-135 4
W20H, HM, HMT*, HMT3* 115 5 0-115 10,4 1.2 0-135 25
W50H 113 b 0-115 32.5 3.756 0-135 25
W50HM 115 20 0-115 31 3.5 0-135 20

For prices. code words. and other specifications see pages 208-211.
When ordering, please specify that VARIAC is for 25-cyele service, in order that proper dial may be furnished.

*HMT and HMTS models are normally supplied for overvoltage connection and dinl but can be supplied with line-voltage connection and
dinl on speciul order.
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VARIACS

TYPE M VARIACS FOR 350- TO

TyBe

zmcnnmns ldentlcnl Type M5

with Tvex e“e?l Dimensions identical with
depth behind panel is 215 Tyre W5, except depth be-
inches. hind panel is 2% inches.

Type M Variacs are the high-frequency
equivalents of the Tyres W2, W5, W10 and
W20. Similar in design to the 60-cycle W-
models, they are much smaller and lighter.
Type M Variacs are especially useful with
the 400-cycle power supplies that are used in
airborne and marine equipment. They can
be supplied with ball bearings and 60-cycle
motor drives (page 212).

FEATURES:

» Type M Variacs are mechanieally rugged,
built to withstand a vibration test of 10 to 55
eycles, 1/32-inch amplitude, and a 1200-ft-1b
shock test of MIL-T-945A.

#» The coil bears solidly, through a thin insu-
lator, against a cast aluminum base, which in
turn has an annular mounting surface. Good

1200-CYCLE SERVICE

Type M10

Dimensions identical with Tyee

W10, except depth behind panel
is 3%, inches,

coil and base and between base and panel.

» Wiring diagram on terminal board.

* Usable from 350 to 1200 cycles per second.
» Duratrak contact surface provides extra
factor of reliability under overload. Instan-
taneous peaks of ten times rated current can
be handled.

» Brush track shows no significant wear after
one million cyeles of briish operation (0 to
maximum and return).

» Two-ampere model (Type M2) has 400
turns, giving adequate resolution for many
computing and control operations.

» Variac meets military corrosion, salt-spray,
and fungus-resistance requirements.

» Four corner mounting holes provided for
ganging and mounting, in addition to the
three standard mounting holes used on earlier

thermal conduectivity is thus achieved between models.
Type M2 M5 Mm10 Mm20t

Line Frequency 350-1200 cps 350-1200 eps 850-1200 cps 3501200 eps
Input Voltage 115 v 115 v 115 v 115 v
Output Voltage 0-135 or 0-115 v 0-135 or 0-115 v 0-1350r 0-115 v 0-1350r 0-115 v
Rated Current 2.4 amp. 6 amp. 10 amp. 20 amp.
Maximum Current* 3.1 amp. 7.8 amp. 18 amp. 26 amp.
No-Load Loss at 400 ¢ 3w 6w 14w 27w
No. of Turns on Winding 402 203 200 160
D-C Resistance of Winding 6.6 (approx) 1.8 (approx) 0.36% (approx) 0.150 (approx)
Driving Torque 5-10 oz-in. 10-20 oz-in. 15-30) oz-in. 45-90 oz-in.
Angle of Rotation 320 degrees 320 degrees 320 degrees 320 degrees
Replacement Brushes VB-1: 75¢ VB-2: 75¢ VBT-10: $1.25 VBT-8: $2.50
Weight, pounds 174 344 654 13
Code Word BAGGY CANNY CABIN CAVIL
Price $14.50 $18.50 $30.00 $48.00

*For line voltage connection only.

For gunged models, refer Lo the following page.
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VARIACS

GANGED TYPE M VARIACS FOR HIGH-FREQUENCY SERVICE

Tyre M10G2

Type M Variacs are available as two-gang assemblies
for 115-volt, three-phase, open-delta connection (or for
controlling two circuits from a single shaft), and as three-
gang assemblies for 208- or 230-voll, three-phase, wye-

METERED

Tyre WSMT3A

With the Metered Variacs, voltage, current,
and power measurements can be made without
the use of external meters. The Tyre WSMTS3A
Metered Variac reads load volts and amperes;
the Tyre WSMT8W reads load volts and watts.

Each assembly consists of a Tyre W5 Variac,
the meters, a current transformer, and the
necessary switching and meter shielding. The
shielding is sufficiently effective to reduce

connection (or for controlling three circuits from a single
shaft).

A Tyee 50-P1 Choke is recommended if a two-gang
unit is to be operated in parallel: for three-gang units. a
Tyre 50-P2 Choke is required in addition to the Typr
50-P1.

Net Wi.

Type Deseription Lbs. Code Word | Price
M-2G2 | 2-Gang M-2 354 | BacGyeanpu| $33.00
M-2G3 | 3-Gang M-2 514 | BaGGYaanTY| 49.50
M-5G2 | 2-Gang M-5 634 | cannyaanoy] 41.00
M-5G3 | 3-Gang M-5 1014 | cannveanTy| 61.50
M-10G2 | 2-Gang M-10 1214 | casiNngannu| 65.00
M-10G3 | 3-Gang M-10 19 CABINGANTY | 97.00
M-20G2 | 2-Gang M-20 26Y% | caviLganou | 107.00
M-20G3 | 3-Gang M-20 38lg | caviLcanty | 155.00

VARIACS

Tyee WSMTIW

the Variac stray field to a point permitting
an over-all accuracy of 39 (full scale) with
29, meters. Three-wire power cords are used
for both line and load. The ON-OFF switch
disconnects both sides of the line. A make-
before-break range switch permits switch-
ing under load the dual-scale ammeter (in
Tyre WSMTS8A) or the wattmeter (in Typr
WiMT3W). Load circuit is fused.

SPECIFICATIONS

Frequency: 50-60 cyeles.

Input Voltage: 115

No Load Loss (i) cycles): 9 watls,

Output Voltage: -135 (0 -150 voltmeter)

Output Current: (WSMTSA) Two ranges 0-1, (-5 amperes.

Output Watts: (W3SMTSW) Two ranges—0-150, 0-750 walts.

Meter Accuracies: =377, of full scale.

Switching: OFF-ON, two-pole switch disconnects assembly

from line in “OFF" position.
Meter RANGE, HIGH-LOW,

permil switching under load.

make-before-break to

Terminals: Line—8-wire cord and plug.

Load—3-wire outlet receptacle (will
parallel 2-wire plug).

Fusing: WAMTBA —1 ampere, low range. 5 ampere, high

range.
WiMTSW-—2 ampere, low range. 5

range.

Angle of Rotation: 3257

Driving Torque: 30-60 oz-in.

Case Dimensions: 9'%, high, 6%4 wide, 634 deep and handle.

Net Weight: 1134 pounds.

aceepl

ampere, high

Type | | Code Word | Price
W5MT3A I Metered Variac (voltmeter, ammeter) . .........coivuiiiiuiiiiiinns I CABAL | $ 85.00
W5MT3W Metered Variac (voltmeter, wattmeter) .........cooeviiinnnienan. CABOR 110.00
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VOLTAGE REGULATORS

HANDLES ANY LOAD UP TO 6 KVA

TYPE 1570-A AUTOMATIC VOLTAGE REGULATOR

USES: The Tyre 1570-A Automatic Voltage
Regulator is used in both laboratory and in-
dustrial applications where constant a-c¢ line
voltage is required. It combines high accuracy
Sor laboratory wuse with large capacity for in-
dustrial applications. Typical applications for
this instrument are: Laboratory power, com-
pulers, eritical transmitter supply voltages,
meter test benches, carefully controlled in-
dustrial processes and installation in mili-
tary equipment.
DESCRIPTION: The Tyre 1570-A Aulomatic
Voltage Regulator consists of a Variac® adjust-
able auto-transformer, an auxiliary step-down
transformer which multiplies the power rating
of the Variac, and a servomechanism, which
controls automatically the setting of the
Variae to hold the output voltage constant.
The rectified outpul voltage is filtered, and
the d-¢ component compared to a stable
voltage reference tube to obtain a d-c¢ error
voltage. This error voltage is amplified by a
two-stage balanced amplifier with lead and

lag networks for shaping the phase and ampli-
tude response for optimum performance.

The thyratron-controlled servo-motor is a
true proportional control device rather than
an off-on device and provides a smooth con-
trol with no “dead zome.” The Variac driven
by this servo-motor is equipped with ball-
bearings to reduce friction to a minimum.

In addition to the standard models listed be-
low, a militarized model and a three-phase
model are also available. These are described
on page 218.

FEATURES:

Zero wavelorm distortion.

High accuracy.

Independent of load.

No power-factor restrictions.
Tolerates short-duration overloads.
Adjustable output voltage.

High efficiency.

High response speed.

High power capacity.

YYYYYYYYY

The oscillograms below show traces of 60 cyele voltage sine-wave pl'uks illustrating the response speed of the

Tyre 1570 Line Voltage Regulator. (a) Left, 29, change (step function) in \ollngt input to regulator; (b) cen-

ter, voltage output of regulator as a result of 29, input voltage rhangr shown m (a): (c) right, voltage out-
put of regulator as the input voltage is changed 19,

T
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VOLTAGE REGULATORS

SPECIFICATIONS
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INPUT VOLTS

Range of operation for 115-volt models;
for 230-volt models, multiply voltage scales
by 2.

Input Voltage Range: The desired outpul voltage will be
maintained if the input voltage does not vary by more
than =109, from this value of outpul voltage. A =209,
range connection is also available.

Output Voltage: Adjustable over a range of =109 [rom
a base value of 115 volts (for Tyre 1570-AL) or 280
volts (for Type 1570-AH) by means of a screw-driver
adjustment on panel.

115 Nominal 230 Nominal

REWAATERD
oUTRUT

T

Elementary schematic diagram of the Tyee 1570 Line
Voltage Regulator.

Accessories Supplied: Rack and table models—2 power
cords, spare fuses; wall models— cabinet, cover, and
mounting screws.

Waveform Error: The average value of the output voltage
is held constant, and a loaded d-c¢ power supply operated
from the output of the regulator will give constant out-
put voltage regardless of the harmonic distortion present
in the power line, The rms output voltage will also remain
constant, regardless of the harmonic distortion present,
as long as the phase and amplitude of these harmonies are
constant. If the harmonic content changes, the rms value
will change by an amount less than AR/n, where AR is the
change in the harmonic amplitude and n is the harmonic
number.

7 Ad+ Adi ; Ambient Temperature: Full ratings apply up to 40°C.,
Pt Vokape 'l(fj-:ff;gk "2'}:%:’" Frequency: fil-cycle models will operate from 35 to 65
5 1 = 7 = - eveles; 50-cyele models, from 45 to 55 cycles.
Input volluge as 909, 80 209, 809, Power Consumption: No Load 85 watts
a percentage of Lo Iu to Aln Full Load 100 watts
output voltage* 110% | 120% | 110% | 120% Mounti Relay Rack (— R model), Table top (- M
Outpul current model) and Wall (— W model).
amperes 50 25 20 10 Aty
v ack and Table
EVA 2 - . i Dimensh Top Models | Wall Models

Accuraey in % WAAEH < s ovines o panans 19in, l“l,g' in.
of output vollage 0.25% | 0.5% | 0.25% | 0.5% Helphts: v sisie i e 7in. 1913 in.
Speed of Depth (over-all) ...... l‘i‘/g' in. 81/4 in.
Response volts 10 2 20 40 Depth (behind panel) “ 3 in. )
per secondt Weight isaiiGasans 14 |b. 6314 Ib.

* Typis 1570-AL and 1570-AH can be connected for either = 109,
or =207, inpul vollage range. Instruments are shipped connected
for = 109, range unless 2097, range is specified on order.

1 Slightly less for very small voltage corrections.

Tube Complement: 2-12AXT7's, 1-5651, 2-5727's.

Terminals: T'wo 15-ampere power cords, supplied with the
instrurment may be used to connect the regulator when it
is used as n portable instrument. Terminals are easily
accessible when other connections are desired.

Wavaform Distortion: None.

View of wall-mounted reg-

ulator. This model is used

to regulate line voltages in

the General Radio develop-

ment and testing labora-
tories,

Type Deseription Code Word Price
1570-ALM Table Top Model, 115 volts, 60 cycles..................... CEDAR $490.00
1570-ALR Relay Rack Model, 115 volts, 60 cycles ................... CHARY 490.00
1570-ALW Wall Model, 115 volts, 60 cycles...........coceveiniininnns CLOWN 490.00
1570-AHM Table Top Model, 230 volts, 60 cycles...............ccu0e CHALK 510.00
1570-AHR Relay Rack Model, 230 volts, 60 cycles ..............c.ee. CURLY 510.00
1570-AHW Wall Model, 230 volts, 60 cycles.........ccocvivinnininanns CLOSE 510.00
1570-ALQ6* L1Sivolls SO eyalen: i St v v unaisaaasss pasHA T 515.00
1570-AHQ11*| 230 volts, 50.cyclas ;. . coveiciispsvisronsnsssnasssonnenvoses REGAL t 535.00

* Insert M, R, or W, for table, relay-rack, or wull model, respectively,

1 Sufix; add to code word for corresponding G0-cyile model, Le., C EDARPASHA for Tyre 1570-AL MQu

PATENT NOTICE. See Note 8, page x.
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VOLTAGE REGULATORS

\

MILITARIZED VOLTAGE REGULATOR—TYPE 1570-AS15

The Tyre 1570-AS15 Automatic Voltage Regulator,

a militarized version of the standard Tyre 1570-A, meets
~the requirements of MIL-E-4158B and MIL-E-16400.2
For ease of maintenance the Control Unit, containing
the servo amplifier, has been separated from the Regulator
Unit, which consists of the motor driven Variae and
buck-hoost transformer.

The Regulator Unit is mounted on & U-beam extruded
panel, which provides the ruggedness necessary to pass
the standard 1200 ft-Ib shock test and the vibration test
of 080 inches excursion from 10-55 cps. For environ-
menlal protection the transformers are hermelically
sealed and all aluminum parts are Infidite-coated. The
molor shaft is stainless steel, and the motor windings are
completely encapsulated in an epoxy resin. Suitable mili-
tary lubricants are used throughout.

The Control Unit has been particularly designed for

reliability and ease of maintenance. The highest quality
components are used, hermetically sealed where possible.
Most components are operated at less than half their
voltage or power ratings. All vacuum tubes are the more
reliable military types and are operated at less than 207,
of their maximum plate current ratings. All tubes can be
replaced directly without removal of any dust covers, The
removal of a single Lop cover exposes all components and
removal of the boltom plate exposes all wiring as well as
a complete eircuit diagram and parts list.

SPECIFICATIONS

Tube Complement: T'wo 5751, one S631WA, two 5727 -
2D21W, one 6626, 0A2SWA.-
Input Voltage Range: =97, for full ratings, =189 for lLalf
raling.
Terminals: Jones conneclor strip.
Fregm;)ncy: 45-55 eyeles or 55-65 cycles, as selected by a
switch.

Other specifications are identieal with those for Tyee
1570-AH and -AL, page 217.
Accessories Supplied: Control Unit power cord, spare fuses.
Dimensions: Control [lnit, panel. 19 x 3% inches; depth

behind panel. 7 inches. Regulator Unit, panel 19 x 7
inches; depth behind panel, 924 inches.
Net Weight: i+ pounds. Code

Type | | Word | Price

1570-ALS15 | Automatic Voltage Reg-
ulator, 115 volts...... | cLorn |$670.00
1570-AHS15 | Automatic Voltage Reg-

ulator, 230 volts. ...... crovn | 690.00

MILITARIZED 3-PHASE REGULATOR—TYPE 1570-AS25

The Tyre 1570-AS25 is a militarized three-phase regu-
lator similar to the single phase Tyre 1570-A815. A three-
gang motor-driven Variac is used to control the three
phases simultaneously in response to varialions in one
phase. Where system is unbalanced, three Type 1570-A815
regulators should be used, one on each phase.

SPECIFICATIONS

Ratings

1570-ALS25 | 1570-AHS25
* Output Voltage per phase | 115 = 109, | 280 = 109,
** Input Voltage as 919, | 82% | 819% | 829%
a pereent of Output to Lo to to
Voltage 109 | 1189 | 1097, | 11897
Output Current per phase 25 [125 10 ]
Approx. KVA (wye***) 8.6 4.3 6.9 | 3.5

T Aceuracy in % of 25 5 25 A

outpul voltage
11 Speed of response, 5 10 10 20
volts per second

*== Delta rating is 'A75 limes wye rating.

* Internal adjustment.

** Iustruments are shipped conneeted for =99, range unless
# 189, range 1s specified on order.

11 Slightly less for very small voltage corrections.

t Applies only to measured phase. Other phases depend on input
voltage and load balance.

Terminals: Jones connector strip.

Accessories Supplied: Control Unit power cord, spare fuses,
Power Consumption: No load, 35 watts. Full load, 140 walls.
Dimensions: Control Unit, panel, 19 x 319 inches; depth
behind panel, 7 inches: Regulator Unit, panel, 19 x 7
inches; depth behind panel, 1634 inches.

Net Weight: 97 pounds.

Other specifications are identical with those for Typr
1570-A815,

Type |
1570-ALS25

Code Word Price

3-phase Regulator, 115

O e I e e
1570-AHS25 | 3-phase Regulator, 230
B85 e e vomeesn WDATHY

picry | $865.00
885.00

For the control of 400-cycle power a special militarized control unit is available. This control unit requires approximately
35 walts of power at 45-65 ;:s When used with the Regulator Unit for the Type 1570-AS15, it will control up to &6 KVA of
st

power at 400 cycles to 0.25
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VARIAC™ SPEED GONTROLS

®

FOR OPERATING DC MOTORS FROM AC LINES

Viriac Speed Controls are compact, high-
performance motor speed controls, designed
to operate de shunt, compound, or series
motors from an ac line. The motors are
operated with constant field excitation and
adjustable armature voltage, obtained from a
Variac autotransformer and rectifier, so that
shunt motor regulation characteristics are
obtained.

No electronic tubes are used in these controls.
Rectifiers are of the metallic or semiconductor
Lype, so there is no time delay in starting.

Variac® Motor Speed Conlrols are avail-
able in four power ratings: %,, %, %. and %
horsepower. They are simple and rugged, have
good regulation, and are particularly suited to
shop installation. They have given excellent
performance in a wide variety of laboratory,
machine-tool, and industrial applications.

For each size motor speed control, a basic
model is available for assembly into other
equipment. These are identified by the suffix
W in their type numbers. These models include
the basic components of Lhe mounted controls,
but switching and overload protection must be
supplied by the user.

Shown below is the basic cirenit for the
motor speed controls. Two sets of full-wave
rectifiers are used. One set supplies fixed field
voltage; the other a continuously adjustable

armature voltage, controlled by a Variac auto-
transformer.

The choke in the armature circuit, in con-
Junction with the full-wave selenium rectifier,
assures conlinuous conduction throughoul the
a-c cycle, providing a low-impedance source of
essentially ripple-free armature current.

Armature overload protection is accom-
plished with slo-blow fuses in the 1/15th and
% hp-models, and with magnetic circuit
breakers, in the %4 and % hp-models.

FEATURES:

» Smooth Wide-Range Speed Control—15:1
for most applications: up to 100:1 or more
with light or smooth loads.

» Versatile Starting Characteristics: Smooth,
controlled starting for delicate loads; fast
high-torque starting for heavy loads.

» Dynamic braking in all models % hp and
higher brings the armature to a quick stop.

» Instant Starting.

» Quick Reversing.

» Negligible AC Ripple—Motor need not
be derated— No torque pulsation.

» Low First Cost.

» Very low maintenance. No electronic tubes.
» Simple installation.

PATENT NOTICE. Ser Note 8, page x

P—|
\.\ (Left) Speed-Torque characteristies of a typical motor and
] speed control installation. (Below) Circuit diagram of a
300 —] Variac Motor Speed Control.
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MOTOR CONTROLS @

Ye, V3, and ¥ Horsepower
COMPLETE MODELS IN CABINET WITH SWITCHES
TYPE 1703-A, TYPE 1700-B, AND TYPE 1702-A

Tyee 1703-A Tyre 1700-B Tver 1702-A

These fractional horsepower models are  Typical applications include feed and spindle
completely assembled with switching and  drives, winding machines, grinders, drill
control elements on Lhe face of the cabinet. presses, conveyors, and processing machinery.

BASIC (W) MODELS—ON CHASSIS WITH COVER
TYPES 1703-BW, 1700-CW, AND 1702-BW

Basic models of the % to % hp controls,
these models have the essential elements, in-
cluding the braking resistor, mounted on a
simplified chassis with cover. The Variac is
supplied separately to be mounted by the cus-
tomer. A suitable switech or drum controller

Tyee 1700-CW can be supplied (see page 221).
Hecom-
‘ DG, Unit Price mended
T'ype Model Field Speed Code Word 1+ | 5-19 |20-up Motor
1703-A 115 v, O-raled wessy | $105,00[$102.00 | $99.00 | MOD-11
(¥ hp) Complete 66 v, 0-114 x rated
e 48 v, 0-1%4 x rated
1700-B in 115 v. O-rated AFOOT 180.00| 176.00 | 172.00 | MOD-3
(13 hp) 7o v, 0-1.15 x rated I
1702-A Cabinet 115 v. O-rated AMAZE 255.00| 245.00 | 235.00 | MOD-25
(%4 hp) 75 v, 0-1.15 x rated
1703-BW 1156 v. O-rated SAROT 90.00f 87.50| 85.00 | MOD-11
(Yo hp) 66 v. 0-124 x rated
~ Basic 48 v. 0-1%4 x rated
700-cw | (Chassiswith 5v. | Orated saury | 155.00| 151.50 | 148.00 | MOD-3
(14 over, ; i
(M hp | ariac) 75 v. 0-1.15 x rated -
1702-BW 115 v. O-rated SATIN 215.00] 206.00 | 197.00 | MOD-25
(%4 hp) TH5v. 0-1.15 x rated

Input Line: 105-125v., 30-60c., 275 walls, for ', hp, 105-125v., 60 ¢., 560 and 1150 watls for Y, and ¥, hp respectively (50 ¢
available on special order).
Armature Output: 0-115 v, de at 1.5, 3.0 and 6.5 amps for s, Y% and % hp respectively.
Overload Protection: Fuses in %, hp and magnetic circuit breakers for ¥, and %, hp complete controls only.
Motors: MOD-11, %, hp Compound, 1725 rpm, 25 |bs, Code Word moror®*, Price $58.00.
moD-3, Y hp Compound, 1725 rpm, 30 Ibs, Code Word smoror*, Price $65.00,
moD-25, ¥, hp, Compound with interpoles, 1725 rpm, 60 |bs, Code Word moror*, Price $106,00
Dimensions  1703: Cubiml-lv Model 7% x 7% x 4%, 9 Ibs; Basic Model, Chassis 7% x 10, x 814, 4V Ibs, Variac 8% x 8'%,
and x 4%, 3% Ibs,
Weight: 1700 Cabinet Model 127 x 9% x 6, 23, lbs; Basic Model, Chassis 9% x 12% x 5, 17 |bs, Variac 47, x $'%, x
&Yy, 6Y Ibs.
1702: Cabinel Model 18Y, x 15% x 6%, 41 Ibs; Basic Model, Chassis 11%, x 15Y; x 5%, 27Y% lbs, Variac 5% x
6%, x 5%, 11, Ibs,
* When ordering control with motor. use compatnd code word; for example, wrssymoror is the code word for Tyre 1703-A with
motor, Motars are not sold sepurately,

220

File Courtesy of GRWiki.org




®

MOTOR CONTROLS

UP TO Yis Horsepower

FULLY ENCLOSED MODELS —COMPLETE IN CABINET

Tyee 17T01-AK

TYPES 1701-AK AND 1701-AM

For shunt motors, 1/15 hp and below.

Typical applications are: Feed drives for lathes, milling machines,
grinders and punch presses; rewinding and take-up drives; jewelers’ lathes
and other very light machinery: photographic and other processing equip-
ment. — AK model has two speed ranges; — AM model has one, and arma-
ture fuse is accessible from front panel.

TYPE 1701-AU

Like Tyre 1701-AK, but for series and uni-
versal motors. One speed range. Gives shunt
requlation characteristics with wnexpensive uni-
versal motor al speeds up to 10,000 rpm. Molor

field and armature leads must be separate.

Applications similar to Type 1701-AK, bul
including also higher speed applications, such
as small, very high-speed drill presses.

BASIC (W) MODEL—OPEN CHASSIS—TYPE 1701-AKW o)

Basic model of the 1/15-hp control. It contains the essential elements
such as the choke, rectifiers and transformers mounted on a chassis, and
the Variac supplied as a separate unit to be mounted by the customer. oS
No switches or overload protection are supplied. They may be chosen by . Tyre

the customer to suit his applications. 1701-AKW
Recommended
Type Model D.C. Field Speed Code Word Unit Price Motor
1701-AK 115 v. (-rated WINDY 1-4  $85.00 MOD-21
Complete 38 v. 0-2 x rated 6-10 83.00
1701-AM C ;'_‘ ‘ 115 v. (-rated WIDOW 2up 81.00 MOD-21
ot 10 v. O-rated WEARY 1-4 90.00 MOD-#
1701-AU 16 v. 5-19 88.00
Wup  86.00
1701-AKW Basic 115 v. O-rated SERUM 1-4 72.00 MOD-21
(Chassis and 38 v. -2 x rated 5-19 6850
Variac) up 6550

Input Line: 105-1235 v., G0 ¢, or 105-120+v,, 50 ¢., 175 walls,
Armature Output: 0-115 v, de, 0.8 a.
Motors: MOD-21 Shunt, 1/15 hp, 1725 rpm, 8 |bs, Code Word moror*, Price $38.00.

MOD-4  Universal, 1/15 hp, 8800 rpm, 334 |bs, Code Word motor*, Price $21.50.
Dimensions  Cabinet Models: 574 x 624 x 454 inches, over-all; 6 pounds,

and Weight: Basic Models: Chassis 614 x 9 x 234 inches, 214 pounds; Variae 34 x 8'%, x 434 inches, 3% pounds.
* When ordering control with motor, use compound code word: for example, winpymoron is Lhe code word for Tyre 1701-AK with
motor. Molors ave nol sold separately.

SWITCH AND CONTROLLER
For Use With "1-HP and 3%-HP Basic Models
The appliance-type switch supplied with the
Tyre 1700-B and Tyee 1702-A controls is
available as a separate item, the Typr 1702-P3
Switch, to use with the W-Models. This
switch has enough contacts to break the a-¢
and d-c¢ circuits simultaneously, and also to
handle reversing and dynamie braking, A

Tyee 1705-P1 Controller Tyee 1702-P3 Switch

drum switch, which is particularly suited for ' l | Code 4
machine-shop production work, is also avail- Type Word Price
able as a separate item for use with the W- 1702-P3 | Switch............. | FLIPO |$ 6.00
models. 1705-P1 | Drum Controller..| prumo | 22.00
221
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Th(- choice of an instrument for evaluating the compo-
nents of a complex electrical signal, an acoustic noise,
or a mechanical vibration depends upon the character of
the signal, the information that is needed, and how the
results are to be used. For example, if the wave is a
periodic one that is stable in frequency, each individual
component is readily measured with the Tvee 786-A Wave
Analyzer. The very high selectivity of this analyzer
with ils 4-cyele bandwidth is independent of the fre-
quency to which the analyzer is tuned, because the ana-
lyzer is a heterodyne type. This selectivity characteristic,
obtained by quartz-crystal filters, is invaluable in
the measurement of intermodulation distortion of am-
plifiers and other audio equipment. As an electronic volt-
meter in Lhe measurement of the transmission charac-
leristics of electrical wave filters and as a null detector
for impedance bridges, the excellent selectivity is of
particular value in avoiding the effects of interfering
signals, hum, noise, and distortion products,

“The Tyre 1554-A Sound and Vibration Analyzer, de-
seribed in the section on Sound and Vibration finds its
greatesl use in the measurement of the components of
noise, either electrical or acoustical, when the selectivity
of the Type 736-A Wave Analyzer is often too great for
rapid analysis, and in the measurement of noises whose
frequency components fluctuate, It provides two band-
widths, one a constant percentage (8%,) of the frequency
to which its dial is set, the other a ”lll‘d octave.

Although its tuning is continuous, if one assumes that
the analyzer separates ils range from 2.5 to 25,000 cps
into contiguous bands, according to its effective band-

WAVEFORM-MEASURING INSTRUMENTS

width, it will have about 100 bands without appreciable
overlap, as contrasted with about 3200 bands for the full
range of the wave analyzer.

he Ty 760-A Sound Analyzer is a similar instrument
for a smaller frequency range, as is the Tyepe 762-B
Vibration Analyzer for lower frequencies but both have
narrower bandwidths than the Tyre 1554 (about 29, as
contrasted with 89), and neither has the third-octave
feature.

When a still simpler division of the spectrum is de-
sired, the Tyere 1550-A Octave-Band Noise Analyzer (de-
seribed in the section on Sound and Vibration) is avail-
able for division of the spectrum from 20 to 10,000 cps
into eight bands.

The Tyre 1932-A Distortion and Noise Meter is a more
specialized, yel remarkably versalile analyzer, designed
for the routine and rapid measurements on audio systems.
This electronic voltmeter uses the complete signal as a
reference value. A selective network suppresses Lhe
fundamental component, and the remainder, which in-
cludes distortion components, hum and noise, is then
meastured. This single-number distortion rating is a con-
venient and frequently used figure of merit of the perform-
ance of an audio system.

Used with a cathode-ray oscillograph, it becomes a
versatile production lesting tool, immediately indical-
ing optimum conditions, whenever adjustments are made
that affect distortion or noise. Noise, distortion and
hum are readily distinguished, and a distinction between
second-harmonic and third-harmonie distortion ean also
be made.

‘ Input
Frequency Tuning | Bandwidth | Vollage Measurement Power See
Type Name Class Range-cps|  Method (3 db) Range Application Supply | Page
736-A Wave Heterodyne | 20-16,000 |Continuous |4 eps 10 micro- | Separating A-C Line | 228
Analyzer | 50-ke erys- (1 range) volts Lo steady
tal filter 300 volts components
1554-A | Sound RC Degen- | 2.5~ Continu- |89, and 100 pv to | Separating Batteries | 192
and Vi- erative 25,000 ous third 3w Components
bration (4 ranges) octave and Broad-
Analyzer Band Noise
760-B Sound R-C De- 25-7500 | Continuous |2%, of in- 1 milli- Separating Batteries | 193
Analyzer | generative (6 ranges)  |dicated voll to 10 | components
frequency | volts
762-B Vibration | R-C De- 2.5-750 Continuous (29, and 1 milli- Separating Batteries | 193
Analyzer | generative (5 ranges) |10% of in- | volt to 10 | components
die uh‘d volts
frequency
1550-A | Octave- L-C Filter | 20-10,000 | Band 2] i db Broad-Band | Battery 190
Band Switch Noise
Noise (8 bands)
Analyzer
1932-A | Distortion | R-C Rejec- | 50-15.000 |Continuous |Rejection | 80 db Harmonic A-C Line | 225
and Noise | tion (funda- (5 ranges)  |band at Distortion
Meter mental) 60 db = Relalive
.02, Hum and
Noise
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WAVEFORM

TYPE 736-A WAVE ANALYZER

USES: The wave analyzer is used to measure
the amplitude and frequency of the compo-
nenls of a steady-state complex electrical
waveform. These include not only the com-
ponents of harmonic distortion, but also those
of intermodulation distortion, noise, and hum.

Specific uses of the Tyre 736-A Wave Ana-
lyzer include the measurement of distortion
components in audio-frequency equipment,
broadcast receivers and transmitters, Lele-
phone systems, public address equipment,
oscillators, amplifiers, and vacuum-tube ecir-
cuits in general; harmonic studies on electrie
power systems and electrical machinery; hum
measurement in a-¢ operated communication
equipment; noise analysis; and induction
studies on telephone lines. As a sharply tuned
voltmeter, it is invaluable in the measure-
ment of the transmission charactleristics of
electric wave filters and as a null detector for
impedance bridges. It is an excellent detector
for intermodulation distortion measurements.
DESCRIPTION: The Tyre 736-A Wave Ana-
lyzer is a heterodyne type of vacuum-tube
voltmeter. The intermediate-frequency ampli-

fier includes a highly selective flter using
three quartz crystals. The use of a heterodyne
method makes it possible Lo vary the response
frequency while using a fixed-frequency filter.

The output of the local oscillator and the
whole of the complex waveform to be exam-
ined are fed to a balanced modulator where
their combination produces both the sum and
difference frequencies, or side bands, in the
output. The original of the complex waveform
is not passed by the modulator intermediate-
frequency output transformer, and the local-
oscillator carrier frequency is suppressed in
the output because of the two-tube balanced
modulator employed.

The 50-kilocyele component of the upper
side band, proportional to the voltage of thal
frequency present in the original wave to
which the main dial is sel, is selected and
amplified by the intermediate stages. The
step attenuators provided make it possible to
measure a wide range of voltages.

FEATURES:
» A “flat top” characteristic as shown by
the curve (next page) is obtained by using
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Transmission characteristic of the erystal filter in
the Tyee 736-A Wave Analyzer.

the three-crystal filter. This feature makes
tuning easier and increases the stability of
the tuning adjustment.

» A very wide range of input voltages—
1,000,000 to 1, full scale—can be accommo-
dated directly.

» Self-contained calibrating systems make it
possible to standardize the voltage and fre-
queney calibrations easily at any time.

» The input impedance is constant at 1
megohm, but a built-in 100,000-ohm poten-
tiometer is provided as an alternate input
system where absolute voltage levels need
not be determined.

» External magnetic fields cause no trouble
because the balanced modulator is fed by a
phase inverter tube, rather than by a trans-
former.

» Humidity effects are minimized by the
hermetic sealing of all critical parts.

SPECIFICATIONS

Frequency Range: 20 Lo 16,000 cycles.

Selectivity: Approximately as shown in plot, above. The
response is down 15 db al 5 cyeles, 30 db at 10 cyeles, 60
db at 80 eyeles from the peak, The selectivity is constant
over Lthe frequency range.

Voltage Range: 300 microvolls to 300 volts full scale. The
lowest division on the meter corresponds to 10 uv. The
over-all range is divided into four major ranges: 300 uV to
300 mv, 3 mv to 8 v, 30 mv to 30 v, 0.8 to 300 v. Each of
these ranges is divided into seven scale ranges; for ex-
ample, the 0.8 v to 300 v range has the following full-scale
ranges: 0.3 v, 1 v, 3 v; 10v, 30 v, 100 v, 300 v,
A direct-reading decibel scale is also provided.

Voltage Accuracy: Within +59, on all ranges. Spurious
voltages from higher order modulation products intro-
duced by Lhe detector are suppressed by at least 70 db.
Hum is suppressed by at least 75 db.

Input Impedance: One megohm when used for direct voltage
measurements, When used with the input potentiometer
it is approximately 100,000 ohms,

A y of Frequency Calibration: = (27, + 1 cyele).
Tube Complement:

6—6J7 1—6C5

2—6K6-G 1—6X5-G

1—6B8 1—6F5-G

3—NE-48 neon lamps

Power Supply: 105 to 125 volts (or 210 to 250), 40 to 60
cycles. A voltage stabilizing circuil is included. Power in-
put is about 65 watts, Power input receptacle will accepl
either 2-wire (Type CAP-35) or 8-wire (Tyre CAP-15)
power cord. Two-wire cord is supplied. For 3-wire, see
page 237.

Accessories Supplied: Spare neon lamps, spare fuses, one
Type 274-NL Shielded Connector, and o Tyre CAP-85
Power Cord,

Mounting: Shielded oak cabinet.

Dimensions: (Width) 1914 x (height) 2514 « (depth) 1074
inches, over-all.

Net Weight: 8614 pounds.

Type | | Code Word | Price
736-A | Wave ADGIVERE L.« cohior i doamatbs exhresveshenneinsnionons: 3. ABKEW: |} 1$120000
For other audio-frequency analyzers, see pages 192 and 193.
Schematie diagram of Tyre 736-A Wave Analyzer.,
. Ll WeutT )
» pov, [MILTIPUER | | 3 STAGE é
,/{!\—.I’l:w‘mmm % I i -
N IMPUT VOLTAGE (G} ‘\ . g )é /
L Gl siovnisaes W M
S sy G o e s,
RIS S T e e
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WAVEFORM

TYPE 1932-A DISTORTION AND

Vovisme LIWEL
.

USES: The Type 1932-A Distortion and Noise
Meter measures distortion, noise, and hum
level in audio-frequency circuits. In conjunc-
tion with the Tyre 1931-B Modulation Mon-
itor, or the T'yee 1184-A TV Monitor, it can be
used to measure these quantities directly in the
output of radio broadcasting transmitters. Il
finds many uses in the electronies labora-
tory and in the production testing of radio
receivers as a wide-range, highly sensitive
voltmeter for such measurements, as signal-to-
noise ratio, AVC characteristics, and hum level.
With the aid of an oscilloscope, individual
hum and distortion components can be identi-

fied.
DESCRIPTION: The principal elements of the

unit are a high-gain amplifier with an R-C
interstage coupling unit that balances to a
sharp null, a calibrated attenuator for adjust-
ing the sensitivity, and a vacuum-tube volt-
meler. Degeneration maintains stability in
amplifier gain and a flat transmission charac-
teristic, except within an octave of the null
frequency. The null frequency is conlinuously

Functional schematic of the
Tyre 1932-A Distortion and Noise Meter.

NOISE METER

—— 890 RA0~ — MG~ — IR0

variable. The null network eliminates the
fundamental of the audio-frequency signal,
leaving only the distortion products, which
are indicated directly on the panel meter.

The null network is switched out of the
cireuit for noise and hum measurements, and
the instrument then operates as a highly
sensitive voltmeter. Two input circuits are
provided: (1) a transformer for bridging a
600-ohm line; and (2) a direct connection to
the 100,000-0hm gain control.

FEATURES:

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

» Quick frequency selection.

» Frequencies up to 45,000 cycles are passed
by the amplifier circuits, so that distortion
measurements can be made on fundamental
frequencies up to 15,000 eycles.

» Distortion as low as 0.19, can be measured.
» An auxiliary dbm calibration is provided.
» An oscilloscope connection is provided for
visual observation of the noise or distortion
components.

225

File Courtesy of GRWiki.org



WAVEFORM

@

SPECIFICATIONS

Distortion Range: Full-scale deflections for 0.39,. 19, 3%,
109, or 307, distortion.
Noise Mecswemem Range: 80 db below reference calibration
level, or 80 db below an audio-frequency signal of zero
dbm level, at maximum sensitivity.
Audio-Frequency Range: 50 Lo 15,000 cyeles (fundamental).
for distortion measurements: 30 (o 45,000 eveles for noise
and hum measurements.
Dbm Range: Power-level range is from +20 to —60 dbm.
(0 dbm is one milliwatt in 600 ohms).
Input Voltage Range: 1.2 to 30 volts for the 100-kilohm
input, and 0.8 to 80 volts for the 600-ohm bridging
input.
Accuracy: For distortion meusurements, =59, of full
scale for each range =residual distortion as nnle(l be-
low; for noise and dbm measurements, =59, of full
scult-.
Residual Distortion Level:
100-Kilohm Input; 0,059, max., below 7500 ¢;
0,109, max., above 7500 ¢.
0.10%,, max., between 50 and 70 ¢:
0.059, max., between 70 and 7500 ¢;
0.109,, max., above 7500 ¢.
Residual Noise Level: Less than —80 db.
Input Impedance: 100,000 olins unbalanced, and 600-
ohm bridging input (10,000 ohms), balanced or un-
balanced.
Meter: A large meter with an illuminated scale is pro-
vided, calibrated in percentage and db. The ballistic
characteristic is similar to that of a vu meter.
Tube Complement:

4 6J5-GT 1—6K6-GT 1—6X5GT

1 —6SN7-GT 1—6H6 2—0D3
Accessories Supplied: Tyre CAP-35 Power Cord, cable

Type |

Bridging Inpul:

for connecting to the Tyre 1931-B Modulation Monitor,
spare fuses.

Other Accessories Required: For measuring the dis-
tortion in oscillators and other audio-frequency sources
no additional equipment is required. For measurements
on’ amplifiers, iinex. and other communications net-
works, a low-distortion oscillator is required. Tyre
1301-A  Low-Distortion Oscillator (see page 101) is
recommended. When the modulated output of a radio
transmitter is to be measured, a linear demodulator is
necessary. The Tyee 1931-B  Modulation Monitor
(page 140) and the Tyee 1184-A TV Monitor (page 136)
are recommended. However, any detector system having
minimum undistorted output of 1.5 volts rms can be used.
Terminals: Terminals are provided at the rear for con-
nection to the modulation monitor. A Western Electric
jack is provided at the panel also, as an auxiliary input
cireuit, Plugging into this jack automatically discon-
nects the rear connectors,

Power Supply: 105 to 125 (or 210 lo 250) volts, 50 Lo
60 cycles. The line input power is 65 watls,

Power input receptacle will accept either 2-wire
(Tyre CAP-35) or 8-wire (Type CAP-15) power cord.
Two-wire cord is supplied. For 8-wire, see page 237,
Mounting: The instrumen! is relay rack mounted. End
frames are available for table mounting. (See price list
below.)

Panel Finishes: Standard General Radio erackle. Certain
standard finishes which ean be processed in quantity ecan
be supplied.

Dimensions: Panel (length)
depth behindspanel 12 inches.
Net Weight: 379 pounds.

19 x (height) 7 inches;

| Code Word | Price

1932-A I Distortion and Noise Meter............covvevveieerienennen| TABOO
Aluminum End Frames............ccccceiviiivnivvininenne.] ENDFRAMDIG

FRI-412

PATENT NOTICE. See Note 15, page x

$650.00
13.00 Pair

TYPE 1932-P1 A-M DETECTOR UNIT

The Tyre 1932-P1 A-M Detector Unit, for
measuring the A-M noise level in I'-M trans-
milters, consists of a linear rectifier and an
r-f filter, with provision for introducing an

audio-frequency calibrating voltage. The de-
tector output, after filtering, is passed through
a standard 75-microsecond de-emphasis cir-
cuit to the Distortion and Noise Meter. The
de-emphasis eireuit can be switched out lo give
a flat characteristic, if desired. A microam-

meter indicates the diode current.

Provision is made for the use of an external
diode detector to cover ranges of carrier fre-
quency nol included in the normal operating
range of the self-contained diode detector.

SPECIFICATIONS

R-F Input: 4 Lo 8 volts required, from low-impedance
line, 50-220 Me.
Audio Input: 400 cyeles: 4 to 8 volts;
impedance.
Audio Output:

30-30,000 cyeles =1 db;
characteristic,

1 to 1.5 volts, into 100 k2 load.
Diode: 1N34-A Crystal.
Terminals: Telephone jack for a-f vollage; coaxial con-
nector for r-[ voltage: plug for inserting into panel jacks
of Distortion and Noise Meter: telephone jack for
external diode detector.
Accessories Supplied: 1 T'yre 874-C8 Cahle Connector.
Mounting: Wrinkle-finish case.
Dimensions: 5}4 x 6 % 214 inches, over-all,
Net Weight: 112 pounds.

1000-0hm  input

or 75 psec de-emphasis

Type | |  Code Word | Price
1932-P1 | A-MDetector Unit.......occvvereeueeesnseessesessneeeeneenee ] AMDET | $95.00
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PARTS AND ACCESSORIES

Tue General Radio Company has developed and is
constantly improving on a complete line of parts for
use in its laboratory and industrial instruments. The
design objectives are different from those that govern
the design of parts for tv and radio receivers and sim-
ilar assemblies; among them are unfailing reliability,
long life, convenience, excellent appearance, and known
electrical characteristics. All General Radio parts are
painstakingly designed: they use the best available
materials; and production is tooled to yield reasonable
prices in consideration of the rigid design requirements.
Another important design consideration is to produce
integrated groups of basic elements that fit together
electrically and llm\'e a unity of appearance.

An excellent example of the integrated line is found in
General Radio binding posts, coaxial elements, plugs
and jacks. Binding posts, for instance, are constructed
of brass with Bright-Alloy plate. Bright-Alloy is a high-
condueting trimetal plating which does not tarnish easily,
will nol fingermark, and solders readily. Styrene insula-
tion, in both red and black for color coding, is used be-
cause of its high resistivity and exceptionally low loss.
The captive top will accept the standard GR Tyee 274
Plug which seals with a taper into the chamfered binding
post Lop Lo assure mechanical and electrical stability. The
insulators are keyed to the binding posts and may be
keyed to the panel if desired. They may also be used to
mount the Tyre 938 Jack, Both the binding posts and the
jack have tips for soldering—no lugs are nsed as they can
introduce an uncertainty of contact,

The Tyre 874 Coaxial Connector introduced by Gen-
eral Radio over 10 years ago, has become an accepted
laboratory standard for high-frequency work. An exten-
sive line of coaxial elements using this connector is de-
seribed in a separate section (Pages 41 to 58). The inner
connector is the correct size to accept a Tyee 274 Plug.

The Type 274-MB Double Plug is another connector
that has become standard equipment in almost all labora-
tories. The springs of the plugs, as with all Type 27
Plugs, are of hardened beryllium-copper, for low contact
resistance. The plugs are imbedded, for strength, into a
black styrene body, which has a raised ridge along one
side so thal polarity can be noted by touch. A cross hole
provides strain reliel from altached leads or eable. To re-

duce the chance of electrical shock, no metal part except
the plugs themselves is exposed.

The new Type 970 Potentiometers have been de-
signed with particular care to produce an instrument-
grade potentiometer at reasonable cosl. Care has been
Laken in the selection of all materials Lo produce a high
degree of mechanical strength and stability coupled
with correct electrical design. For example, the smallest
practicable size resistance wire is selected to obtain
high resolution. These potentiometers are wound by
specially designed machines to produce uniformity of
spacing and tension on the winding form; the wound form
is lightly cemented into the phenolie shell molding, which
has cylindrical walls of uniform cross-section so that it
will not age oul of round. Strong shafts made of glass-
reinforced polyester are used, so that the shaft is electri-
cally dead, and the capacitance to ground is corre-
spondingly reduced.

The Tyres 1420 and 1421 Capacitors are of unigue
design. Both the stator and the rotor sections are made
from extruded aluminum stock. The plates are cut from
this solid shaped stock by high-precision, ganged circular
saws. Thus the complete rotor or stator stack is cut
from a homogeneous piece which completely eliminates
the contact resistance inherent in the conventional stack
construction. Their advantages in stability and mechani-
cal strength are obvious; their electrical characteristics
are equally good.

The General Radio knobs are well known for their
attractive appearances and mechanical excellence, Shaft
holes are bored for precision, and all except the smallest
are provided with two set-screws, They are available in
a variety of models and sizes and are consistent in style
with the binding posts.

Dials are designed to the closest mechanical toler-
ances, and are available for direct drive, friction drive,
and gear drive, with a black matte finish to reduce glare
and thus to provide even better readability.

The Tyee 841 Transformer is a general-purpose im-
pedance-matching transformer for general laboratory work
in audio and ultrasonic frequencies.

The Tyee 578 Transformer is designed specifically for
generalor or deteclor isolation in ae bridge circuits, and has
an effective inter-winding eapacitance of only 0.9 puf.

Contents of this Section
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VARIABLE AIR CAPACITORS
TYPE 1420 AND TYPE 1421

These capacitors were developed especially
for use in laboratory instruments requiring
low dielectric losses, low inductance and
resistance, and high mechanical and thermal
stability. The rotor and stator are each
machined from solid, shaped aluminum extru-
sions of identical alloy. The illustration shows
how the one piece stator also serves as a
frame for the assembly.

FEATURES:

» Low residual inductance and resistance.
» Good linearity.

» Low temperature coefficient.

» Insulated rotor.

» Sealed, long-life bearings.

SPECIFICATIONS

Tyre 1420 Tyree 1421
Capacitance Range:
Nominal Range for
Type Maz. | Min. Linear Variation

1420-F 70 13 54 =5puul
1420-G 130 14 108 =5upf
1420-H 250 16 216 =Suul
1421-) 575 22 540 = 20uuf
1421-K 1120 29 1025 =25upf

The rotor-to-ground capacitance is about luufl for the
Tyre 1420 ang aboul 2. 5u,uf for the Tyer 1421, The stator-
1u-gmund t-al#mlnnce is aboul Lauf for the Tyre 1420,
and 4upl for Tyee 1421. The data in the above table are
for the capacitor used as a two-terminal device, with
rotor grounded. If the stator is grounded, maximum and
minrimum capacitance values will be deecreased by aboul
Tupf.

Linearity: The variation of capacitance with angle of rota-
tion is guaranteed linear wilLin =(1,2%, of full scale. The
angular range of linear variation is 160°,

& o, swart

DEPTH BEMIND PANEL
F 13 inches
G 2J§ Inches
H 2% Inches
SHAFT m&kmchs ~

Typical linearity is better than =0.19, for the Tyee
1420, =0.15%, for the Typr 1421.
Dielectric Losses: IFor Lhe grounded-rotor connection, Lhe
dielectric losses correspond to a D,C, product of less
than .01 x 1072, The rotor-to-ground capacitance has a
DyCy product of 0.1 x 10-'% This loss component is in
parallel with the main capacitance only for the grounded-
stator connection.
Insulation Resistance: Greater than 10" ohms under
standard ASTM laboratory conditions (28°C, 509, RH).
Temperature Coefficient of Capacitance: Approximately
+0.008%, per degree C,
Shock and Vibration: The Tyre 1420 Capacitors will pass
shock and vibration tests of MIL-T-945-A.
Maximum Voltage: 700 volts peak.
Torque: 2 ounce-inches maximum with shaft vertical.
Net Weight: Tyre 1420-F, 4 oz; Tyre 1420-G, 4-1% oz;
Tyre 1420-H, 5-14 oz; Tyee 1421-J, 1 |b. 8 oz; Tyee
1421-K, 1 1b. 14 0z
Dimensions: See skelches below. Where dimensions are
critical write for a copy of the latest drawings.

DEPTH BEHIND PANEL
d 3y inches

K 4% inches nly
SHAFT DIA Dginches ™ —

Tyre 1420 | Tyre 1421 2
Type |
1420-F T00al, RIS i ssu i baenids s ns s Rpbaa s A Te s TR R R s Fhas !
1420-G ) Lo T e S R BRI SRS S e ) o e R u
1420-H A AL s - = S AR M A S ST 5 83 SRS L R AN SR M o
1421-) L L AT TR e R I NAHBIR 46.50
1421-K | P T R S e B N R e NABOB 50.00

See pages 236 to 238 for knobs and dials for use with these capacitors.
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Q970 SERIES POTENTIOMETERS

The 970-Series Potentiometers are moder-
ately priced, high-quality controls with per-
formance approaching the best available.
They can be used not only at de, but also
throughout the audio- and ultrasonic-fre-
quency ranges and, in many applications, al
low radio frequencies.

DESCRIPTION: The materials used in the all-
phenolic body (1), dust-proof cover (2), and
glass-reinforced-polyester shaft (3) minimize
the capacitance to ground. Low inductance re-
sults from the use of a thin winding form of
phenolic laminate. A small-diameter brush (4)
of precious-metal alloy assures high resolution,
since it touches only two wires at a time on
the resistor. Brush arm and spring (5) are
combined into a single stamping of spring-
temper phosphor-bronze. The screw (6) that
holds the cover to the base passes through a
horseshoe-shaped slot in the brush arm to
serve as a rotational stop Lhat exerts no force
on the brush. The brush rides with uniform pres-
sure on the firmly anchored wires at the edge
of the resistance winding (7). The combination
of precious-metal contact, firm track and uni-
form contact pressure minimizes electrical noise.

10

The projecting hub (11) permits adjustment
of the shaft with respect to the contact brush
while the case is closed. This hub rotates in
a reamed brass insert molded into the cover
to form a metal-to-metal main bearing close
to the plane of the brush. The shaft is rigidly
held by this hub, and a second bearing is pro-
vided by a stainless-steel insert (8) to guide
the shaft in the base. This arrangement pro-
vides stable, repeatable settings.

Resistance elements are wound of low-
temperature-coefficient alloys. Linearity is as-
sured by uniform turn spacing, on a mandrel
that is firmly cemented into the cylindrical
base molding.

The turret terminals (9) are both riveted
and soldered to the ends of the winding (7)
and to the silver-plated spring-bronze contact
take-off in the cover (10). so that none of the
fixed internal connections depend on pressure

alone. SPECIAL TYPES

Units in the 970 design can be made on
special order with: 360 mechanical rotation,
taps as close as 14 inch apart along the entire
winding, resistance other than listed values,
resistance tapers, resistance tolerance and
linearity tolerances belter than standard. For
applications requiring maximum shaft rigidity,
shafts of metal-cored phenoclic or of metal can

be supplied.
GANGING

When ganged, the 970-Series Potentiometers
retain their low-capacitance characteristics.
Units are designed to be nested with phenolic
spacing rings stacked on a long shaft, and held
together with thin metal clamping rings and
tie rods. This assembly allows units to be set
in any desired phase relationship. Inquiries
are welcomed on a special-design basis.

KNOBS

Recommended knobs for these polentiom-
eters are described on page 234. Use Tyres
KNS-6 and KNSP-6 for Types 971, 972, 973,
and 974: Tyres KNS-8 and KNSP-8 for
Tyres 975 and 976; and Tyres KNS-12 and
KNSP-12 for Tyees 977 and 978.

Dial plates to fit these potentiometers are
listed on page 233.
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Type | Code Word | Price| Type | Code Word | Price] Type | Code Word | Price | Type | Code Word | Price
9718 ANTRIMBITE $3.50 | 971-P axtmimpeank | $3.50 | 973-E CANDIDEARL | $4.00 | 974-E DANCEREARL | $4.50
971-C | ANTRIMCHEW 3.50 | 972-F BANTERFALL 3.75 | 973-F CANDIDFALL 4.00 | 974-F DANCERFALL 4.50
971-D | ANTHIMDULL 3.50 | 972-G | BANTERGERM 3.75 | 973-G | CANDIDGERM 4.00 | 974-G | pANCERGERM 4.50
971-E ANTRIMEARL 3.50 | 972-H | BANTERHUNT 375 | 973-H | cANDIDHUNT 4.00 | 974-H | oANCERHUNT 4.50
971-F ANTRIMFALL 3.50 | 972-) BANTERIUMP 3.75 | 973-) CANDIDJUME 4.00 | 974-) DANCERIUMP 4.50
971-G | ANTRIMGERM 3.50 | 972-K | mANTERKISS 3.75 | 973-K | canxpinkiss 4.00 | 974-K DANCERKISS 4.50
971-H | ANTRIMHUNT 3.50 | 972 BANTERLEAP 3.75 | 973-L CANDIDLEAP 4.25 | 974-L DANCERLEAP 5.00
971 ANTRIMIUMP 3.50 | 972-M | sANTERMILK 3.75 | 973-M | canNpinMiLk 4.25 | 974-M | DANCERMILK 5.00
Q71-K | ANTHIMKISS 3.50 | 972-N | nANTERNULL 3.75 | 973-N | cANMIUNULL 4.25 | 974-N | DANCERNULL 5.00
971-L ANTHIMLEAP 3.50 | 972-P BANTERPARK 3.75 | 973-P | cANDIDPARK 4.25 | 974.P DANCERPARK 5.00
971-M] ANTRIMMILE 3.50 | 972-Q | BANTERQUAD 3.75 | 973-Q | canmnquan 4.25 | 974-Q | pANCERQUAD 5.00
971-N 1 AntTHIMNULL 3.50 §973-D | caNmnDULL 4.00 | 974.0 DANCERDULL 4.50 1 974-R DANCERRISK 5.00
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@ PARTS
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*NOT USUALLY MANUFAGTURED OR STOCKED. INQUIRIES ARE INVITED
Unit : Unit Unit
Type Code Word Price Type Code Word Price Type Code Word Price
975-J EAGLETIUMP $4.75 976-K FANGELKISS $5.50 976-T FANGELTICK $6.50
975-K BAGLETKISS 4.75 976-L FANGELLEAP 5.50 977-K GANDERKISS 6.00
975-1 FAGLETLEAP 4.75 976-M FANGELMILK 5.50 977-N GANDERNULL | 6.75
975-M EAGLETMILK 4.75 976-N FANGELNULL 6.00 977-R GANDERRISK 6.75
975-N EAGLETNULL 5.25 976-P FANGELPARK 6.00 978-N HAMPERNULL 7.75
975-P EAGLETPARK ' 5.25 976-Q FANGELQUAD 6.00 978-R HAMPERRISK 7.75
975-Q EAGLETQUAD 5.25 976-R FANGELRISK 6.00 978-U HAMPERULNA 12,50
975-R EAGLETRISK 5.25
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PARTS

Tyee W07-WB

Tyee 907-WA

GEAR-DRIVE PRECISION DIALS

The Typr 907 and 908 Gear-Drive Precision
Dials have aluminum dial plates with black
anodized finish, Scales are individually en-
graved on an automatie, self-indexing engrav-
ing machine. The fine, radial, accurately lo-
cated lines divide the complete circumference
into 360 divisions numbered from 0 to 360.

Settings can be consistently duplicated to
one-fifth of a division, allowing a precision of
resetting of better than 0.069, of full scale.
Parallax is eliminated by the use of an indica-
tor that always remains flush with the surface
of the dial, and which at the same time ab-
sorbs, through the flexibility of its mountling
arm, any slight eccentricities of the main shaft.

The ring gear and drive pinion are precision-
cut gears, spring pressed to eliminate any back-
lash. The drive ratio is 10:1, and it is possible
to use a calibrated vernier or inerement dial on
the pinion shaft if desired. Any standard
Tyre 901 dial (page 233) can be adapted for
use on the pinion shaft. The drive pinion is

the drive to be adjusted for any panel thick-
ness up to %4 inch.

The main dials are set permanently and se-
curely to their shafts through the use of two
set-serews 90° apart; this procedure eliminates
any dial backlash that might otherwise oc-
cur. The dial hubs are bored to receive a
3g-inch shaft, but a bushing is furnished for use
with Y4-inch shafts.

The dial indicator, knob, and all necessary
mounting parts are supplied, as are complete
drilling and mounting instructions.

MOTOR DRIVES—Motor drives for attach-

ment to these dials are described on page 212.

Motor drive
attachedton
908-type dial
on the Tyre
1304-B Beat-
Frequency

Audio Gen-

» . . . erator.
held in a stainless-steel collet, which runs in a e
phosphor-bronze bushing. The collet allows
I I Dial | Maz. Panel Total Net Code
Type Mounting Are | Divisions |  Thickness Panel Area Weight Word Price
» 4-INCH DIAMETER GEAR-DRIVE PRECISION DIALS
907-WA Front-of-Panel 360° r 360 + % 5 inches 11 0z, DITAR $10.50
907-WB Back-of-Panel 360° 360 % inch } x5 inches 11 oz DITOP 10.50
» 6-INCH DIAMETER GEAR-DRIVE PRECISION DIALS
908-WA Front-of-Panel 360° l 360 7| = i x TV inches | 2loz | bpivar $14.50
908-WB Back-of-Panel 360° 360 %w inch 6 x 744 inches 19 oz. DIVIM 14.50

PATENT NOTICE. See Note 15, page x
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PARTS

Tyee 904-VIF

These dials are altractive in appearance, with ae-
curale, photo-elched scales, and are intended for uses
where precisely cut scales and precision drives are not
needed. Dial plates are of aluminum, with black anod-
ized finish.

The friction-drive mechanism, which is available on
the 234-inch and 4-inch sizes, consists of a thin disc,
which is mounted on the back of the dial plate, gripped
and driven by two small dises attached to the friction-

Tyre92-TF

FRICTION-DRIVE AND

DIRECT-DRIVE DIALS

Approx.

14 size

Tyee91-WD

adjusted after installation.

Dials are insulated from the shaft. Knobs are secured
to their shafts by the use of two setscrews separated by
90° and are supplied bored to receive a 3g-inch shaft.
Bushings are supplied for use on Y4-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 slighl eccen-
tricities of the main shaft. Indicators, mounting screws,

drive shaft. The tension of the drive can be easily drive knobs, and drilling templates are furnished.
) Dial Net Code
Type Are I Divivions Drive Weight Word Price
> 2-INCH DIAMETER—TYPE 901 DIALS |
901-TD 180° 100 Direct 2 0z. DILOG $2.30
901-VD 270° 100 Direct 2 oz, DILA P 2.30
901-wD 360° 100 Direct 20z DILLD 2.30
> 2%-INCH DIAMETER—TYPE 902 DIALS N L
902-TD 180° 100 Direct 2.4 oz. DIMAP $2.50
902-VD 270° 100 Direct 214 oz DIMID 2.50
902-TF 180° 100 Friction, 3.3:1 } 0z DIMOB 4,00
902-VF 270° 100 Frietion, $.3:1 4 0z. DIMUG 4,00
> 4-INCH DIAMETER—TYPE 904 DIALS | : .
904-TF 180° | 100 Friction, 5:1 8 0z, DIPEN $5.50
904-VF 270° 200 Friction, 5:1 8 0z, mpPuUT 5.50
PATENT NOTICE. See Note 18, page x
DIAL PLATES FOR 970-SERIES POTENTIOMETERS
R T T Code
o i, and type | Dia | e wit ripe | et | price
reversible; one side 970-P1 g 971, 972, 978, 974 | viran | $0.20
for use as dial plate, 970-P2 | 234" | 075,976 DIPOT 45
with  pointer-type Q70-P3 | 4" | 977,078 DIPUG 65

knob; the other side
for use as dial, al-
tached to knob. The
2inch size is single
side, for dial plate
only. Photos .\'Ilm“.
left to right, dial-
plate side of 970-P3,
dial side of 970-P2,
and 970-P1  (dial
plate only). Scales
cover full angle of
winding —320°,
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PARTS

TYPE KN FLUTED KNOBS

These black phenolic knobs are used on General
Radio laboratory instrumenls.
piece with a brass insert bored for a %g-inch shaft except
the Tyre KNSP-1, which is reamed for a Y“4-inch shaft.

*:0 ®LO

Tyre KNB-1
Tyre KNB-2

@HO

Tyre KNSP-1

@4qo

Tyre KNSP-6

Tyre KNSP-8

Tyre KNSP-10

Tyre KNS-12

The Tyre KN Fluted Knobs are shown approxi-
mately three-cighths actual size in the photograph.

234

Each is molded in one

File Courtesy of GRWiki.org

A bushing is furnished with each of the others to adapt
it to a Y4-inch shaft. Knob is clamped to shaft by two
set-screws spaced 90° apart, except in Type KNSP-6 and
KNS-6, which have 135° spacing. Type KNB-1 has single
set-screw.,

TYPE KNB-1 '%¢"” SKIRT DIA WITH BAR
TYPE KNB-2 1%.4" SKIRT DIA WITH BAR

Bar-Type especially convenient on switches.

Unit Pricet | 5*-19] 20— ] 200— | 400— ] 2000
In lots of 199 399 1999 | up
Tyee KNB-1 $0.70| $0.65 SO 60 $0 57
Tyre KNB-2 SO 85 $0.74| $0.69

Code Word: KNB-1, BARKNOBONE Wezghl fur 5: 3-?:; 0z
Code Word: KNB-2, BarknosTrwo Weight for 5: 6 oz.

TYPE KNSP-1 '%¢-INCH SKIRT DIA
Unit Pricet | 5*-19 | 20— | 200~ | 400— | 2000
In lots of | 199 399 1999 up

Tyre KNSP-1] $0.60 | $0.52| $0.48 | $0.44 | $0.42
Code Word: NURLNOBDEN Net Weight for 5: 6 oz.
TYPE KNSP-6 WITH POINTER 13" SKIRT DIA
TYPE KNS-6 WITHOUT POINTER
Unit Pricet
In lots of
KNSP-6 or
KNS-6
"ode Words: KNSP-6, NUrLNOBSIX

KNS-6, NurLNOBOUT Net Weight for 5: 5% oz.
TYPE KNSP-8 WITH POINTER 1'%4” SKIRT DIA
TYPE KNS-8 WITHOUT POINTER
Unit Pricet 5*-19] 20-] 200- 400— | 2000
In lots of 199 309 | 1999 ] up
KNSP-8or | $0.70 | $0.62| s0.58 | $0.54 | $0.52
KNS-8
Code Words: KNSP-8, NURLNOBATE

KNS-8, NURLNOBOAF Net Weight for 5:8 oz.
TYPE KNSP-10 WITH POINTER 24" SKIRT DIA
TYPE KNS-10 WITHOUT POINTER
Unit Pricet 510 20— 20— | 400— | 2000
In lots of | 199 399 1999 I up
KNSP-100r | $1.05 | $0.92| $0.86 | $0.78 | $0.75
KNS-10
Code Words: KNSP-10, NURLNOBTEN

KNS-10, NURLNOBORE Net Weight for 5: 1214 oz.
TYPE KNSP-12 WITH POINTER 274" SKIRT DIA
TYPE KNS-12 WITHOUT POINTER
Unit Pricet 5*-19] 20— 200- | 400—| 2000
In lots of I 199 | 399- l ums—l up
KNSP-120r | $1.25 | $1.12]| $1.06 | $0.98 | $0.95
KNS-12

Code Words: KNSP-12, NURLNOBGIG
KNS-12, NURLNOBDOZ Net Weight for 5: 17 oz.

5*-19 20— | 200- 400 — 2000
199 399 1999 up

| s0.60 | $0.52| s0.48 | $0.44 | s0.42

PATENT NOTICE. See Note 13, page x.
*Minimum quantity sold
tNet. No further quantity discounts,




PARTS

TYPE 578
SHIELDED TRANSFORMER

—

T
ezl

’—.%'E”s -a]’i."

— ]
1

bridge
double-shielded

transformer. When case is grounded, the capacitance

placed across each capacitance arm is 40 uuf, Note

that the winding shield on the bridge side is not

grounded, but is floating.

Grounded

supplied
through a

This transformer is used in direct-reading ac bridges to
isolate the bridge circuit from changes in electrostatic
potential in the generator (or detector) circuit and to
reduce the effeet of the capacitance of the external circuil
to ground. It can also be used to isolate any measuring
circuil from the generator or detector, or to produce a
balanced output from a grounded generator.

Three shields are used, one around each winding and a
third to bring the core laminations to the potential of the
Case.

SPECIFICATIONS
Turns Ratio: 4 Lo Tar 1 1o 4.
Ranges: See price lable,
Capacitances: See drawing.

i s Bl .o pnipess s rnarsvsan s puessy each 200 pufl
Yy A1 X el i MRS 0.3 puf
(s s e s v S e R e e S e Rl i each 70 uuf
o8 ssinms S S e b e i e BPR SR AT 30 pul

Winding Inductance: Turns squaréd (see table) multiplied
by 8.5 % 10°* henrys, approx.

D-C Resistance: (In ohms) 30 times inductance in henrys,
APProx.

Voltage Limits: The high-impedance winding of Tyees
H78-A or -B may be connected directly across a 115-voll
30- to G0-cyele line if the impedance connected to the
other winding equals or exceeds Lhe lowest value given
under “low impedance™ in the table below. The Type
578-B may be used at 25 cyeles under the same condj-
tions.

For Tyees 578-A or -B, the low-impedance winding
may be connected directly to a 115-volt, 50- to 60-¢ycle
line provided that the resistunce across the high-imped-
ance winding exceeds 10,000 phms. The Tyre 578-B
may be used at 25 eycles under the same conditions.
Insulation: The insulation from winding lo winding und
from windings to case will withstand 1000 volts, peak.
Dimensions: Base, 8l x 2'%, inches; height, 414 inches.
Net Weight: 214 pounds,

TYPE 941-A
TOROIDAL TRANSFORMER

FOR IMPEDANCE MATCHING OR BRIDGING IN
LOW-LEVEL 600-COMMUNICATION CIRCUITS

This transformer has highly astatic windings and
tight coupling. The toroidal core is a spiral of high-
permenbility-alloy tape. Identical pairs of windings on
each half of the toroid minimize pickup and induction
field, while close coupling between inner and outer
windings keeps leakage reactance low and extends
high-frequency response.

SPECIFICATIONS

Frequency and Impedance Rang
Terminating Frequency for Flat Insertion
Impedances 1 db drop Loss Less than
G005 060002 | 80 c—100 ke 0.3 db
GO0g 24000 | 20 ¢— 185 ke 0.2 db
G000 002 | 80 ¢—340 ke 0.2 dbh
G005 6002 | 20 ¢—200 ke 0.1 db
1506 6000 Se— 50 ke 0.7 db
15090 6000 | 20— 200 ke 0.2 db
37.50 60002 de— 50 ke 0.8 db

Zero-Signal Inductance: Inner windings, in series, 5 Lo 6
henrys; outer windings, in series, 20 to 24 henrys.

Voltage Matching: Inner windings, 0.0159, or belter;
outer windings, 0.089, or belter.

Operating Level and Distortion:
Walts | dbm | r-m-g distortion, G0
1.26 31 <19,
1 30 <0.59,
0.5 27 <0.2%,
0.032 15 <(.1%,

Resistance: lnner windings, in series, 9 ohms: ouler
windings, in series, 34 ohms.

Dimensions: Aluminum ease, 854 x 8% x 154 inches
Mounting blocks project %, inch beyond case in 8bg
inch dimension. Mounting holes are 834 inches on cen-
ters and are drilled for clearance with 10-32 machine

SCrews. Net Weight: 1319 ounces,
Type | Code Word | Price
941-A | rtrantorcAT | $45.00

Impedance Range*

Low-Impedance High-Tmpedance
Type Turns Frequency Range*® Winding Winding Code Word Price
578-A | 600 to 2400 | 50 eyeles to 10 ke | 50 2 to 5 kQ 1 k@ to 100 kQ TABLE | $25.00
578-B | 1000 to 4000 | 20 eyclesto Ske | 60Q to 6 ke | 1.2 k2 to 120 k@ TENOR 25.00
578-C 6010 240 | 2ketods00ke |20Qto2k2 | 0.4 kQto 40k TEPID 25.00

*These ranges are for transmission within 6 db. AL extremes of both impedance and frequency ranges, the transmission may be down by

12 b,
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PARTS

TYPE 274 PLUGS AND JACKS

Tyre 274 Plugs and Jacks, originated by General Radio
in 1924, are almost universally used in electronics and
communications laboratories for connecting equipment
in temporary or semi-permanent setups and for connect-
ing plug-in elements in tuning systems and other labora-
tory instruments. All Tyee 274 Plugs and Jacks are rated

TYPE 274-P PLUG
Fits Tyer 274-J Jack,

’{:'/4'

v ‘7a*  Furnished with nut and soldering lug.
3 Code Word: STANPARCAT
néts Quantity Unit Price t
10* B8 s i by dibe @iy $0.13
100 = 888 i viseisissesiisven 0.11
1000 —1980.. . .. covvrvcisrovecs 0.10
[0,V ITY S-SR Se s 0.09
™ TYPE 274-U PLUG
it Fits Tyes 274 Jack.
o b4 -28 threaded stud. Jack top accepts
11732 Max ] S-1/4-28 Py py 974 Plug, Code Word: STANPARGOT
V8 Quantity Unit Price
43764 TR0 QL o Lo s a L, ol $0.20
* TUND SEHOBL s i rciln pidlniai 0.18
1000, =1998 .. 00 pavsonnvsipanay 0.17
BRNOBE v ssemmssmmamise s 0.16

TYPE 274-) JACK

_"’H'Q:I Fits Type 274 Plugs. Nickel-plated
1/4-21 Ti/s2" brass, Code Word: sSTANPARTOP
F Quantity

Unit Price t
o
i
i

l-;u‘.] Price: $0.75
TYPE 274-DB INSULATED SINGLE PLUGS

Red or black styrene-insulated plug with jack top; set
serew elamp on plug end for wire or telephone tip.
Tyre 274-DB1 (black) Code Word: stAPLUGANT
Tyre 274-DB2 (red) Code Word: starLucARe

f i . $0.08
100 = 999 . ouwinsmaiins s 0.07
1000 <1900 ;o4 v.onvmenaamesannie 0.06
RODDAD i s samvmomsnamsmswimis 0.05
TYPE 274-SB SHORT-CIRCUIT

PLUG

~Handy for shorting two terminals,
Consists of two Type 274-U Plugs con-
nected by two plated links.
Code Word: stanvanzip

al 15 amperes, Plugs have nickel-plated brass stud, beryl-
lium copper springs. Jacks are nickel-plated brass. These
plugs and jacks are designed for positive and reliable
contael. The plug seats firmly in the jack so that the plug
springs are not depended upon for mechanical stability.

274-MB Itming:Il
L i I gt
274-MB Black __ Breakdown:
23,000 v.
INSULATED o e
alarity
DOUBLE Indicator
PLUG Set Serew © of 344 |- Diss. Factor
Clamps 0.8ppt "D.;I‘:l:'i
Attractively designed, molded-styrene double-plug

assembly for rapid and convenient connections in the
laboratory. Fits Tyee 938 Binding Posts and Tyee 274
Jacks on standard #4-inch spacing: jack top permits
stacking for multiple connections. Low capacitance, low
losses, completely insulated for hand protection, polarity
indication molded in. A cross hole through the center
provides strain reliefl for attached cables up to 0.2-inch
diameter.

Code Word: staNnpArnuG

Unit

Quantity Pricet

B¥= B n sy n g sasanndd $0.65

L T R W 0.57

V0D =190 s imea aosiesw oo 0.54

00 =999 . .0 iainannis 0.49

m WO NP e st 0.47

TYPE 274-NK SHIELDED DOUBLE PLUG

Double plug in anodized aluminum case with ceramic
insulation for completely shielded connections lo a pair of
Tyee 938 Binding Posts. Provides strain relief for coaxial
cable of 0.20 and 0.25 inch O.D. This plug terminates the
Typre 274-NL Patch Cord (page 237) and the Type 874-
R34 Patch Cord (page 56).

(Code Word: starrveNur Price; $1.35

Polarity Indicator

274-NK
Rating :
Die-Cast T 15 o. peak,
Aluminum | \ 2800 v, peak
Cose |T§ Broakdown:
6700 v. peak
Black
Styrena U3 o | Do P
5. FO
Insulation 1578 prApie
2.5yt at T ke.

ADAPTORS

styrens V2l 5 Jack : Quantity Unit Price t
St Screw o e nE Ep TGN $0.50
Clamp. 10 B v e i 0.43
100 <199 . .icinnnsoaias 0.40
Q00" <989, <.« svsimarane 0.36
274.081 274-pe2 1000 up ...l 0.34
(black) {rodl}
TYPE 274-QBJ ADAPTOR
Shielded banana plugs provide con-
w nection from binding post terminals

toa Tyre BNC plug.

Code Word: sSTANPARMUG Price: $2.50

* Minimum quantity sold.
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t Nel prices. No further quantity discounts,

TYPE 874-QNé6 ADAPTOR
Fits Tyee 274-NO Universal Pateh

] e t ] Cord 1o connecl from banana plug

f ! terminals to Typre 874 Coaxial System.
Code Word: coaxcnoseR Price: $1.00
PATENT NOTICE. Ser Nole 4, page x.
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PATCH

PIGTAIL 5" LONG

_ 3 FEET ,.

The Tyee 274-NO Pateh Cord terminates in GR Tyer
274 Plugs, and is the basic unit of an extremely versatile
system of connectors. By use of available adaptors and
plugs, connections can be made to General Radio Tyre
874 Coaxial Elements, and Gerleral Radio Tyre 988-B
Clips, Army-Navy type N, BNC, HN, and UHF co-
axial connectors, and VHF and U HI' transmission lines
are all accommodated through the Type 874 Coaxial
Adaptors on page 58. These connections can be made
with & minimum number of units, permitting maximum
flexibility from a given paleh cord and connector assort-
ment.

The photograph at the right indicates how the Tyrg
274-NO Pateh Cord is attached to the Tyre 838-B Alli-
gator Clips, the Tyee 938 Binding Posts, the Tyrr
874-QN6 Adaptor and the Type 274-NT Shield.

TYPE 274-NP
PATCH CORD

The Tyee 274-NP 15 a three-fool shielded lead termi-
nated with double plugs which are permanently attached.

| Code Word | Price
lsn NPARYAK | $3.50

Type |
274-NP | PatchCord............

POWER

These power cords are rubber-covered No. 18 conduc-
tors, 7 feet long, with plug and connector bodies molded
integrally  with the rubber-covered cord. The 2-wire

TYPE CAP-35 2-WIRE POWER CORD

Tyee 8J cord rated by
7 amperes and 300 v,
standard 2-

TYPE CAP-15 3-WIRE POWER CORD

-

Electrical ratings are 7 amperes and 125 v. The con-
nectors conform to the American Standard for Grounding
Type Attachment Plug Caps and Receptacles.

Underwriters Laboratories at
rms. Female connector fits either
wire or new 3-wire plug,

TYPE 109-A 3-WIRE RECEPTACLE

Interchangeable with the standard 2-wire receptacle to
provide a 3-contact power inpul receplacle which accepts
either standard 2-wire or new 3-wire power cords.

CORDS
TYPE 274-NO

Cnpuci[nm‘c 95 ;.lpf UNIVERSAL
3a peak, rating

1200 v peak, rating

3400 v peak, breakdown. PATCH CORD

-

&

‘a-\'

’&‘::" I
" 274-NT

Type | | Code Word | Price
274-NO| PatchCord ............ STANPARKID | $3.25
274-NT | Shield................. STANPARTAD .90

TYPE 274-NL
PATCH CORD

The Tyre 274-NL is a shielded lead, three feet long,
terminated with Type 274-NK shielded double plugs
which are permanently attached.

Type | | Code Word | Price

274-NL I PatchCord.......c..... ’IsT.u-l.vnnaT I $4.50

CORDS

power cord is supplied with General Radio ae operated
instruments, the 3-wire cord may be purchased where
yee 109-A

grounded connections are desirable.
Recepracle (right ). !

Qo

(above) Tyre CAP-35.
(right) Tyee CAP-15.

Type | Code Word | Price
CAP-35| 2-Wire Power Cord .. ... CORDY $1.75
CAP-15| 3-Wire Power Cord..... TRICO 2.25
109-A | 3-Wire Receptacle...... TRIPU 1.25
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TYPE 938 BINDING POST

WITH THE ELECTRICAL AND MECHANICAL PROPERTIES NEEDED
FOR MODERN ELECTRONIC INSTRUMENTS

ne Type 938 Binding Post com-

| bines excellent electrical properties
and ingenious mechanical design. Materials are
carefully chosen for their electrical and me-
chanical properties— brass with Bright-Alloy
plate for high conductivity, and styrene insu-
lation for high resistance and low power factor,
either red or black for color coding.

It can be mounted on metal or insulating
panels, of a thickness from zero to %, inch.
Mechanical details and methods of connection
are shown below.

The binding post has the same height above
panel as the Type 874 Coaxial Connector (see
page 57), whose center will take a Typr 274 <
Plug, so that a grounded binding post can be 10,000 vol Jeiown
mounted adjacent to the coaxial connector to PslpatCr Eaoly 1000 cyclos
fit a Typee 274-M B Double Plug.

PATENT NOTICE. See Note 3, page x

Unit Pricest 100 - 1000 - 2000

Type Code Word 10%-99 099 1999 up
938-P |Metal top, 938-FSpacer .........ccovuiines STANPARDOT $0.40 $0.36 $0.34 $0.32
938-R |Metal top, red Insulators................... STANPARGIG 46 41 .38 35
938-W [Metal top, black Insulators. ................ STANPARANT 46 41 .38 .35
938-WB |Black top and black Insulators. ............. STANPARBAN .54 47 44 40
938-WRIRed top and red Insulators................. STANPARCUR .54 .47 44 40

* Minimum quantity sold.

4 Nt prices, No further quantity discounts I'he above binding post combinations are ~h|rn|n-vl unassembled

When assembly and/or individual packaging before shipment is

required, add 5¢ per binding post for each operation
= MECHANICAL DETAILS
/r‘ /
._“4//// ../// ,:3////; % e 16—‘ ‘:‘ I:;//::Ax.
Vs 2 T = I

5/8.DIA. / / / /
3/32 ; / / /4 / v = ?im_ )

¥ & v 5/3210
15/16

Pan 0Oto5/8 .6, :t:gr % iy METAL OR
OtoS/16 | ¢ £ 5L 3 INSUL
\ 7"(| : o “ [ XHT \G‘LIL ATING

| PANELS

] M6 o : 5/3210
,‘_._‘\ 3 am} 144 DIA i'"' 15/16 i) 9/32DIA. 6-32 am 74 DIA.
% @ ¥2TORILL @ g 32
Locking keys in 3g-ineh mounting holes ean be omitted if locking feature is nol wanted
= METHODS OF CONNECTION
Banana plug
stabillzed by -,
s—— % ———
Slanp not For metal top " Stand
when fully inserted, bindi ottont Spade terminal tandard
ng p ¥ with & throst telephone tip
Clamps Plug enters Slender alligator clip will elamp under nut
all wire sizes binding post body fits Iinside jacktop of
up to No. 10 Assuring contact even all binding posts.
without cutting g, When nut is joose |
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PARTS

inding posts and insulators are available
separately, The insulators also will mount

Bright-Alloy-plated metal parts

Y4 square anti-rotational A

Captive fluted clamp nuts

Styrene insulation with
Bright-Alloy-plated brass insert

a Type 938 Jack, see below. Both binding post and jack
have soldering tips—no lugs are used.

g Styrene hollowed to
inimize solid dielectri

Interlocking bosses permit
mounting on very thin panels

938-BB
(black)

“_____—Anti-rotational key slot
/_\‘/4" square anti-rotational socket

938-BR
red
938-C ; bed) Bright-Alloy-plated brass
. . &4 d
(black top) $& R /4" square anti-rotational socket
; Soldering turret i A
Bright-Alloy plating facilitates tinning 938-F nti-rotational fest
PATENT NOTICE. See Note 8, puge x
Unit Pricest 100 - 1000— 2000 —
Type Code Word 10*-99 | 099 | 1999 | up
938-A | Metal-Top BindingPost ...........c.ccouuuen STANPARASP $0.32 $0.29 $0.27 $0.25
938-C | Black-Top Binding Post..........ccovvvuvun. STANPARAWL .40 35 .33 .30
938-D | Red-Top BindingPost ...............0unue STANPARARM 40 35 .33 .30
938-BB | Black Insulators (Pair).......cocvivininiinns STANPARAUK .14 A2 1 .10
938-BR| Red Insulators (Pair) ..........covvvernnnes STANPARATE 4 a2 3y .10
QIB:-F- | 'SPOCHT . o.iiinoinrmsrisinbrinsnvidnsissnis STANPARBON .08 .07 .07 .07

OTHER ACCESSORIES FOR TYPE 938 BINDING POSTS

» TYPE 938-YB INSULATORS

These insulators mount two binding posts, and are particularly easy to assemble,
since %3 -inch spacing is maintained without exact machining. Mount in 44" dia, holes.

Pricet per pair

«

=G

10— 100— 1000~ 2000~ t
Type | Code Word 99 999 1999 up } e
938-YB! Insulator | stanPARPAN $0.20 $0.18 $0.16 $0.15 1he"

» TYPE 838-B ALLIGATOR CLIP

= TYPE 938-L SHORTING LINK

Bright-Alloy- Captive link for
Slender-nose clip that fits inside jack top of all Type 938 Binding Posts. plated bross  ropidly connecting
¢ . or disconnecting
Unit Pricest 100-] 200— | 1000 bindi
Type | | Code Word | 10*-99 199 | 999 l up =C e g
838-B I Alligator Clit STANPARNIP $0.15 I $0.14 | $0.l3| $0.12 938-L 34" centers
938-L | Shorting Lin STANPARBET .10 .09 .09 .09
S
» TYPES 938-J JACK AND 938-X JACK ASSEMBLY ;i—:“ "MK
et

A jack and jack assembly using Tyee 938-BB Insulators. Jack is similar tlo
Tyee 274-J Jack, but with longer shank. Fits Tyee 274 Plugs.

1= L

Unit Pricest | 100— 1000 — 2000 —
Type | Cade Word | 10*— 90 099 I 1999 | up
938-J LT R L e o A e Ty STANPARACT $0.32 $0.27 $0.25 $0.22
938-XB | Jack Assembly, BlackIns, ............... STANPARART 46 .39 .36 32
938-XR Jack Assembly, Red Ins............c.cu.. STANPARHIT 46 .39 .36 .32
* Minimum quantity sold. 1 Net prices. No further quantity discounts.
239
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REACTANCE CHART

Always use corresponding scales

L X

7
3%

100,000 09—

v
74

g

7

S

I

&
&
O

%

/

LS
&
2

REACTANCE

/,\\
P

g_\

S

100 ke 1000 ke
1 M 1000 M 10,000 Me 100,000 M 1,000,000 M

(300 m) (3 m) (20 em) (3 em) (.3 em) (03 em)

FREQUENCY
FIG, 1

The accompanying charl may be used to find: 2, which is a single decade of Figure 1 enlarged approxi-
1) The reactance of a given inductance al a given mately 7 times, is Lo be used where the significant two
frequency or three figures are to be determined.

2) The reactance of a given capacitance al a gven

frequency TO FIND REACTANCE
(3) The resonant frequency of a given induclance and Enter the charts vertically [rom the bottom (fre-
capacilance quency) and along the lines slanting upward to Lhe left
In order to facilitate Lhe determination of magnitude apacitance) or to the right (inductanc Correspond
of the guantities involved to two or Lhree significant ing scales (upper or lower) must be used throughout
figures the chart is divided into two parts. Figure 1 is the roject horizontally to the left from the intersection and
complete charl Lo be used for rough calculations. Figure read reactance

Write for Enlarged Copies of These Charts
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& CHARTS

Always obtain approximate value from Figure 1 before using Figure 2
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FREQUENCY
FIG. 2

TO FIND RESONANT FREQUENCY

Enter the slanting lines for the given inductance and
capacitance. Project downward from their inlersection
find read resonant frequency from the bottom scale.
Corresponding scales (upper or lower) must be used
throughoul.

Exomple: T'he sample point  indicated (Figure 1)
corresponds to a frequency of aboul 700 ke and an in-
ductance of 500 ph, or a capacitance of 100 puf, giving
in either case a reactance of aboul 2000 ohms. The
resonant frequency of a cireoil containing these values
of inductance and eapacitance is, of course, 700 ke,
upproximalely

USE OF FIGURE 2

Figure 2 is used Lo oblain additional precision of
reading bul does not place the decimal point which must
he located from a preliminary entry on Figure 1. Since
the charl necessarily requires two logarithmie decades
for inductance and capacilance for every single decade
of frequency and reactance, unless the correct decade for
L and C i3 chosen, the caleulated values of reactance and
frequency will be in error by a factor of 8.16

Example: (Continued.) The reactance corresponding
ko 500 uh or 100 uul 1s 2230 ohms at 712 ke, their reso-
nanl frequency

241
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SMITH CHARTS

In measurements on transmission-line eir-
cuits, il is often necessary lo determine, or
to correct for, the impedance transformation
produced by a length of line. Transmission-line
equations can be used to make the calcula-
tion, but the process is laborious. A chart with
which the calculations can be made graph-

ically with very little effort has been devised
h.\‘ P. H. Smith! and is known as the Smith
chart. In many cases valuable information
an be gained by directly plotting a series of
measurements on the chart. In addition to the
application indicated above, the chart can be
used to determine the VEWR corresponding
to any impedance and to convert from imped-
ance to admittance and vice versa. This charl
is very useful for measurements using Lhe
Typr 1601-A V-H-F Bridge, Tyre 1602-B
U-H-F Admittance Meter, and the Tyre 874~
LLBA Slotted Line.

Smith charts are

usually drawn  with

ADMITTANCE  COORDINA TES— 00 MILLIMMO  CHARACTERISTIC - ADMITTANCE

eliminales the normalizing operation. Four
forms of the Smith chart are available, one
with normalized coordinates, one with nor-
malized expanded coordinates, one with im-
pedance coordinates (50-ohm characteristic
impedance), and one with admittance co-
ordinates (20-millimho characteristic admit-
tance). The 50-ohm characteristic impedance
(20-millimho  characteristic admittance) is
common to all General Radio coaxial equip-
ment. Charls are printed on thin 85" x 11"
paper.

Several copies of the appropriate chart are
furnished with the Tyre 874-LBA Slotted
Line, the Tyre 874-UB Balun, the Tyre
1601-A V-H-I' Bridge, and the Tyre 1602-B
U-H-F Admittance Meter. Additional charts
or charts for other applications can be ob-
tained from General Radio Company at the
following prices:

Barsilkd Taisadiies: sooeditin 5o, thi Quantity  Price Quantity  Price
alized impedance coordinates, so 1al 507 $2.00 500 $14.00
tlu‘y can be used with lines of any impedance. 100 375 1000 25.00
For work at a single characteristic impedance, 200 7.00 2000 47.00
chart reading directly in impedance or
admittance is more convenient, because it ~ Be sure to specify type of chart wanted.
m\nl 17, Now Loppe 150183, 318325, Jnounry 1944 fMinmmum quaniity sald
Type Code Word Price
Smith Chart—Admittance Coordinates............coocvvvvevnvniens | ADMITCHART See Above
(20-millimho Characteristic Admittance)
Smith Chart—Impedance Coordinates ............ccoevvivneensinn, | IMPEDCHART See Above
(50-ohm Characteristic Impedance)
Smith Chart—Normalized Coordinates................. censsvissises | NORMACHART See Above
Smith Chart—Normalized Expanded Coordmuies Biuaikiidnsi veee | EXPANCHART See Above
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DECIBEL TABLES

DECIBEL CONVERSION TABLES

It is convenient in measurements and cal-
culations on communications systems lo ex-
press the ratio between any two amounls of
electric or acoustic power in units on a log-
arithmic scale. The dectbel (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 cur-
rent ratios, if care is taken to account for the

impedances associated with them. In a similar
manner the corresponding acoustical quanti-
ties can be compared.

Table T and Table II on the following
pages have heen prepared to facilitale making
conversions 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 oppo-
site page.

Dectbel— The number of decibels N, corre-
sponding to the ratio between two amounts
of power P, and P, is

P
Ny = 10 log,, — (1)
10 P

L’ 4

When two voltages K, and E, or lwo cur-
rents [, and I, operate in identical impedances,

" E,
‘l\’.r.'. = 20 log 10 E—, (2)
L
and Ny =20log,, 3 (3)

If £, and K, or I, and I, operale in unequal
impedances,

E Z,
Ny, =20log,y — + 10log, —
E, 2y
Ie | v
+ 10log (4)
k,

, £ Z;
and Ny =20log,, T + 10log, 7.
2

40

k| p
+ 101log l\i (5)

)
where Z, and Z, are the absolute magnitudes
of Lhe corresponding impedances and k, and
k, are the values of power factor for the im-
pedances, I, E,, I, and I, are also the abso-
lute magnitudes of the corresponding quanti-
ties. Note that Table T and Table IT can be

used to evaluate the impedance and power
factor terms, since both are similar to the ex-
pression for power ratio, equation (1).

v‘ Al
Neper—The number of nepers N, corre-
¢ . 1.
sponding Lo a power ratio =18
P,
LT 6)
{ nep = - o, — (
2 P;
E I
. ; 1 2 1
For voltage ratios — - or currenl ratios —
5y I,
working in identical impedances,
; E,
Nyep = log, == (7)
“2
, 1
and N, =log,—
I,

When E, and E, or I, and [, operale in
unequal impedances,

B, 1. 2o bk

N,,=log,—+-log,—+-log,— (8)
2 by 2 ks
and
) Iy 11 Z; 1 ke,
N,., = log, F + élng, A, + 8 log, 7 (9

a

where Z, and Z, and k; and k, are as in equa-
tions (4) and (5).
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DECIBEL TABLES

RELATIONS BETWEEN DECIBELS, NEPERS, AND MILES OF STANDARD CABLE

Multiply | By | To Find
decibels ....., 1151 nepers
decibels ....... 1.056 miles of standard cable

miles of standard cable 47 decibels

miles of standard cable 109 nepers
NePers. ....... 8.686 decibels
NePers........ 9.175 miles of standard cable

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES

Values outside the range of either Table 1
or Table 11 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 (+): Subltract
+20  decibels successively from the given
number of decibels until the remainder falls
within range of Table 1. To find the voltage
ratio, multiply the corresponding value from
the right-hand voltage-ratio column by 10
for each time you subtracted 20 db. To find
the power ratio, multiply the corresponding
value from the right-hand power-ratio column
by 100 for each time you subtracted 20 db.

Example — Given: 49.2 db.
49.2db — 20db — 20db = 9.2db
Voltage ratio: 9.2 db— 2.884
2.884 x 10 x 10 = 288.4 —49.2 db
Power ratio: 9.2 db — 8.318
8.318 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 voltage ratio, divide the
value from the left-hand voltage-ratio column
by 10 for each time you added 20 db. For the
power ratio, divide the value from the lefl-
hand power-ratio column by 100 for each time
vou added 20 db.

Example— Given: —49.2 db

~49.2db + 20 db + 20 db
Voltage ratio: —9.2 db — .3467

-9.2db

3467 x 1/10 x 1/10 = .003467 —
-49.2 db

Power ratio: —9.2 db — .1202
202 x 1/100 x 1/100 = 00001202 —
—49.2 db

TABLE II: VOLTAGE RATIOS TO DECIBELS

For ratios smaller than those in table— Mul-
tiply the given ralio by 10 successively until
the product 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

From Table 11, 1.31 — 2.345 db
2.345 db — 20 db — 20 db = —87.655 db

244

For ratios greater than those in table—Divide
the given ratio by 10 successively until the
remainder can be found in the table. To the
number of decibels thus found. add +20 db
for each time you divided by 10.

Example — Given: Voltage ratio = 712
712 x 1/10 X 1/10 = 7.12

From Table I1, 7.12— 17.050 db
17.050 db + 20 db + 20 db = 57.050 db
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DECIBEL TABLES

TABLE |

TO FIND: Power und{‘é::;:?:} Ratios

GIVEN: Decibels

TO ACCOUNT FOR THE SIGN OF THE DECIBEL

For positive () values of the decibel —Both voltage For negative () values of the decibel — Both voltage
and power ratios are greater than unily. Use the two and power ratios are less than unity. Use the two left-
right-hand eolumns. hand columns.

Power | Voltage
Ratio Ratio

+9.1db | B.128 [ 2.851
-9.1db | 01280 [ 0.8508

Example — Gipen: 9.1 db Find:

—db+ —db+

- - - -
Voltage Power Voltage Power Voltage Power Voltage Power
Ratio Ratio db Ratio HRatio Ratio Ratio db Ratio Ratio
1.0000 1.0000 0 1.000 1.000 5623 3162 5.0 1.778 3.162
LO8K6 D772 R 3 1.012 1.023 55569 L3090 5.1 1.7990 3.230
9772 5560 2 1.023 1.047 5495 3020 5.2 1.820 3.311
D661 9333 3 1.085 1.072 5433 2951 5.3 1.841 3.388
0550 0120 4 1.047 1.096 5370 2884 5.4 1.862 3.467
441 8013 b 1.059 1.122 5300 2818 5.5 1.884 3.548
9333 ST10 6 1.072 1.148 5248 2754 5.6 1.905 3.631
D226 8511 T 1.084 1.175 L0188 .2692 5.7 1.928 3.715
0120 bk 8 1.096 1.202 5120 2630 5,8 1.950 3.802
0016 8128 9 1.109 1.230 5070 2570 5.9 1.972 3.890
8913 7943 1.0 1:122 1.259 5012 2512 6.0 1.995 3.981
S810 762 1.1 1.135 1.288 4855 2455 6.1 2,018 4.074
8710 7586 1.2 1.148 1.318 A808 2399 6.2 2,042 4,169
S610 7413 1.3 1.161 1,349 4842 2344 0.3 2.065 4,266
8511 L7244 1.4 1,175 1.380 4786 2291 6.4 2,089 4.365
B4 J079 1.5 1.189 1.413 4732 2239 6.5 2.113 4.467
B3R BO18 1.6 1.202 1.445 4677 2188 6.6 2.138 4.571
8222 L6761 1.7 1.216 1.479 4624 2138 6.7 2,163 4.677
8128 6607 1.8 1.230 1.514 4571 L2089 6.8 2,188 4,786
8035 6457 1.9 1.245 1.549 4519 2042 6.9 2,213 4.898
7943 L6310 2.0 1.259 1.585 4467 1995 7.0 2.239 5.012
8562 6166 | 2.1 1.274 1.622 4416 L1850 s | 2.265 5.129
102 6026 2.2 1.288 1.660 4365 1905 7.2 2.201 5.248
674 D8R8 2.3 1.303 1.698 4315 862 7.3 2317 5 370
TH86 5754 24 1.318 1.738 4266 L1820 7.4 2,344 5.495
7409 o623 2.5 1.334 1.778 4217 AT78 7.5 2.371 5.623
7413 5495 2.6 1.349 1.820 4169 1738 7.6 2,399 5.754
JT328 L5370 2.7 1.365 1.562 4121 1698 T 2427 5.888
T244 L5248 2.8 1.380 1.905 4074 L1660 7.8 2,455 6.026
JJ161 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
6008 AR08 3.1 1.420 2,042 3936 1549 8.1 2.541 6.457
6918 ATE6 3.2 1.445 2.089 3890 614 8.2 2.570 6.607
G830 4677 3.3 1.462 2.138 3846 ,1470 8.3 2.600 6.761
6761 4571 3.4 1.479 2.188 3802 445 8.4 2.630 6.918
L6683 4467 3.5 1.496 2,239 3758 L1413 8.5 2,661 7.079
B607 A3656 3.6 1.514 2,201 3715 1380 8.6 2.692 7.244
6531 4266 3.7 1.531 2,344 .3673 .1349 8.7 2.723 7.413
B457 4169 3.8 1.549 2.399 3631 1318 B.8 2,754 7.586
6383 4074 3.9 1.567 2,456 3589 1288 8.9 2.786 7.762
L6310 .3981 4.0 1.585 2.512 .3548 .1259 9.0 2.818 7.943
6237 L3R 4.1 1.603 2.570 3508 1230 9.1 2,851 8.128
G166 3802 4.2 1.622 2.630 3467 1202 9.2 2,884 8.318
5 3715 4.3 1.641 2.692 3428 1175 0.3 2917 8.511
G026 L3631 4.4 1.660 2.764 3388 1148 0.4 2.951 8.710
59567 3548 4.5 1.679 2.818 3350 1122 0.5 2.985 8.913
3467 4.6 1.698 2,884 3311 L1096 9.6 3.020 0.120
5821 388 4.7 1.718 2.951 3273 1072 9.7 3.055 9.333
5754 3311 4.8 1.738 3.020 3236 1047 9.8 3.000 9.550
5689 3236 4.9 1.758 3.090 3199 L1023 9.9 3.126 9772




TABLE | (continued)
—db+ —db+
ie - - -

Voltage Power Voltage Power Voltage Power Voltage Power
Fatio Ratio __db Ratio Ratio Ratio Ratio db Ratio Ratio
3162 .1000 10.0 3.162 10.000 L1585 02512 16.0 6.310 39.81
.3126 09772 10.1 3.199 10.23 1587 02455 16.1 6.383 40.74
.3090 09550 10.2 3.236 10.47 .1549 02399 16.2 6.457 41.69
.3055 09333 10.3 3.273 10,72 .1531 02344 16.3 6.531 42,66
.3020 09120 10.4 3.311 10.96 1514 02291 16.4 6.607 43.65
\2085 .08913 10.5 3.350 11.22 L1496 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 10.7 3.428 11.75 1462 02138 16.7 6.839 46.77
.2884 08318 10.8 3.467 12.02 1445 02089 16.8 6.018 47.86
.2851 08128 10.9 3.508 12.30 .1420 02042 16.9 6.998 48.08
L2818 07943 11.0 3.548 12.59 1413 .01995 17.0 7.079 50.12
L2786 07762 11.1 3.589 12.88 1396 01850 17.1 7.161 51.29
.2754 07586 11.2 3.631 13.18 11380 01005 17.2 7.244 52,48
,2723 07413 11.3 3.673 13.49 1365 01862 17.3 7.328 53.70
.2692 07244 11.4 3.715 13.80 .1349 01820 17.4 7.413 54.95
L2661 07079 11.5 3.758 14.13 1334 01778 | 175 7.499 56.23

2630 .08918 11.6 3.802 14.45 1318 01738 17.6 7.5586 57.54
~2600 06761 1.7 3.846 14.79 .1303 01698 17.7 7.674 58,58
.2570 06607 11.8 3.800 15.14 L1288 01660 17.8 7.762 60.26
.2641 06457 11.9 3.936 15.49 1274 01622 17.9 7.852 61.66

2512 06310 12.0 3.981 15.85 L1259 .01585 18.0 7.943 63.10
.2483 .06166 12.1 4,027 16,22 1245 01549 18.1 8.035 64.57
.2455 06026 12.2 4.074 16.60 .1230 01514 18.2 8.128 66.07
2497 05888 12.8 4,121 16.98 .1216 01479 18.3 8.222 67.61
.2399 05754 12.4 4,169 17.38 1202 01445 18.4 8.318 69.18
.2371 .05623 12.5 4.217 17.78 L1189 01413 18.5 8.414 70.79
.2344 05495 12.6 4.266 18.20 1175 01380 18.6 8,511 72.44
2317 .05370 12.7 4.315 18.62 1161 01349 18.7 8.610 74.13
.2291 05248 12.8 4,365 19.06 1148 01318 18.8 8.710 75.86
.2265 05120 12.0 4.416 19.50 1135 01288 18.9 8.811 77.62
.2239 .05012 13.0 4.467 19.95 1122 .01259 19.0 8.913 79.43
.2213 L4808 13.1 4.519 20.42 1109 01230 19.1 9.016 81,28

2188 04786 13.2 4.571 20,80 1096 01202 19,2 9.120 83.18

2163 04677 13.3 4,624 21.38 L1084 01175 19.0 9.226 85.11

2138 04571 13.4 4.677 21,88 L1072 01148 19.4 9.333 87.10
2113 04467 13.5 4.732 22,30 .1059 01122 10.5 9.441 80.13
L2089 04365 13,6 4.786 22.91 1047 .01096 19.6 9.550 91.20
.2065 04266 13.7 4.842 23.44 .1035 01072 19.7 0.661 93.33
.2042 04169 13.8 4,808 23.99 .1023 01047 19.8 9.772 05.50
2018 04074 13.9 4,055 24,55 ,1012 01023 10.9 0.886 07.72
1995 .03981 14.0 5.012 25.12 1000 .01000 20.0 10.000 100.00
.1972 .03890 14.1 5.070 25.70

1050 .03802 14.2 5.129 26.30
L1928 03715 14.3 5.188 26,92

8 ; =
1805 03631 14.4 5.248 27.54 =i
L1884 03548 14.5 5.309 28,18
L1862 uajgg nli'g g.g;o 23.84 = -
L1841 03: : 5.433 20,51
1820 03311 14.8 5.495 30.20 Vollage Power Voltage Power
1760 03236 14.9 5.559 30.00 Ratio _MRatio | db Ratio _Ratio_
3162x10 | 1070 10 3.162 10
1778 .03162 15.0 5.623 31.62 107 1072 20 10 102
758 .03090 15.1 5,689 32.36 3.162X 1072 104 30 3.162% 10 108
1738 .03020 15.2 5.754 33.11 1072 1074 40 102 104
718 .02951 15.3 5.821 33.88
1698 L02884 15.4 5.888 34.67 3.162% 1073 1078 50 3.162% 102 108
1073 1070 60 100 108
L1679 02818 15.5 5957 35.48 3.162X 1074 1077 70 3.162% 108 10°7
L1660 02754 15.6 6,026 36.31 1074 107# 80 104 108

L1641 02692 15.7 6.095 37.15 3.162% 1076 1070 90 3.162% 104 100

11622 02630 15.8 6,166 38.02

L1603 2570 15.9 6.237 35.90 105 | 1070 | 100 100 1010
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DECIBEL TABLES

TABLE I
Voltage .
GIVEN: | %0199 Ratio TO FIND: Decibels
Current
POWER RATIOS

To find the number of decibels corresponding to a given Example — Giren: a power ratio of .41,

power ratio —Assume the given power ratio to be a Find: 3.41 in the table:

voltage ralio and find the corresponding number of 3.41— 10,6565 db (voltage)

decibels from the table. The desired result is exactly 10.655 db x Y5 = 5.328 db (power)

one-half of the number of decibels thus found.

Voltage
Katio | .00 | .01 02 | .03 04 .05 .06 07 08 09

1.0 000 086 172 .257 341 A24 506 .588 668 749
1.1 B28 906 984 1.062 1.138 1.214 1.289 1.364 1.438 1.511
1.2 1.584 1.656 1.727 1,798 1.868 1.938 2.007 2.076 2.144 2.212
1.3 2.279 2,345 2411 2,477 2.542 2.607 2.671 2,734 2,798 2.860
14 2,923 2,084 3.046 3.107 3.167 3.227 3.287 3.340 3.405 3.464
1.5 3.522 3.680 3.637 3.604 3.750 3.807 3.862 3.918 3.973 4.028
1.6 4,082 4.137 4.190 4.244 4,297 4,350 4.402 4.454 4.506 4.558
1.7 4,600 4.660 4.711 4.761 4,811 4.861 4.910 4,959 5.008 5.057
1.8 5.1056 5.154 5.201 5.249 5.206 5.343 5.390 5.437 5.483 5.529
1.9 5.575 5.621 5.666 5,711 5.756 5.801 5.845 5.880 5.933 5.977
2.0 6.021 6.064 6.107 6.150 6.193 6.235 6.277 6.319 6.361 6.403
2.1 .444 6.456 6.527 6.568 6.608 6.649 6,680 6.729 6.760 6.809
2.2 6,848 888 6.027 6.966 7.008 7.044 7.082 7121 7.159 7.197
2.3 7.236 7.272 7.310 7.347 7.384 7.421 7.458 7.495 7.532 7.568
24 7.604 7.640 7.676 7.712 7.748 7.783 7.819 7.854 7.889 7.924
2.6 7.959 7.993 8.028 8.062 8.007 8.131 B.165 8.199 B.232 8.266
2.6 8,200 8.333 8,366 5.399 8.432 8.465 8.408 8.530 B.563 8.595
v g B.627 8.659 8.601 8.723 8.755 8.787 8.818 8.850 8.881 8.912
2.8 8.943 B.074 0.005 9.036 9,066 9.097 9.127 0.158 0.188 9.218
2.9 9.248 9.278 0.308 9.337 9,367 0.396 0.426 9.455 9.484 9.513
3.0 9.542 9.571 9.600 9.629 9.657 9.686 9.714 9.743 9.771 9.799
3.1 9.827 0.855 9.883 9.911 9.939 9.966 0.994 10.021 10.049 10.076
3.2 10.103 10.130 10.1567 10,184 10.211 10.238 10.264 10.291 10.317 10.344
3.3 10.370 10,397 10.423 10,440 10.475 10.501 10.527 10.5653 10.578 10.604
3.4 10.630 10,655 10.681 10,706 10.731 10.756 10.782 10.807 10.832 10.857
3.6 10.881 10.906 10.931 10,955 10.980 11.005 11.029 11.053 11.078 11.102
3.6 11.1268 11,150 11,174 11,198 11,222 11.246 11.270 11.293 11.317 11.341
3.7 11.364 11.387 11.411 11.434 11.457 11.481 11.504 11.527 11.550 11.573
38 11.596 11.618 11.641 11.664 11.687 11.709 11.732 11,754 11.777 11.799
3.9 11.821 11.844 11,866 11.888 11.910 11,932 11.954 11.976 11.998 12.019
4.0 12.041 12.063 12.085 12.106 12.128 12.149 12.171 12,192 12.213 12,234
4.1 12.256 12.277 12.208 12.319 12.340 12.361 12.382 12.403 12.424 12,444
4.2 12.465 12.486 12,506 12,527 12.547 12,568 12.588 12.609 12.629 12.649
4.3 12,669 12.690 12.710 12.730 12,750 12,770 12.790 12,810 12.829 12,849
44 12.869 12.880 12.908 12.928 12,948 12.967 12,987 13.006 13.026 13045
4.5 13.064 13.084 13.103 13.122 13.141 13.160 13.179 13.108 13.217 13.236
4.6 13.256 13.274 13.203 13.312 13.330 13.349 13.368 13.386 13.405 13.423
4.7 13.442 13.460 13.479 13.497 13.516 13.534 13.562 13.570 13.589 13.607
4.8 13.625 13.643 13.661 13.679 13.697 13.7156 13.733 13.751 13.768 13.786
4.9 13.804 13.822 13.839 13.857 13.875 13.802 13.910 13.927 13.945 13.962
5.0 13.979 13.997 14.014 14.031 14.049 14.066 14.083 14.100 14.117 14.134
5.1 14.151 14.168 14.185 14,202 14.219 14.236 14.253 14.270 14,287 14.303
5.2 14.320 14.337 14.353 14.370 14,387 14.403 14.420 14,436 14.453 14.469
53 14.486 14.502 14.518 14.535 14.551 14,567 14.583 14.599 14.616 14.632
54 14,648 14.664 14.680 14.606 14.712 14,728 14.744 14.760 14,776 14.701
5.5 14.807 14.823 14.830 14.855 14.870 14,886 14,902 14.917 14.933 14,948
5.6 14.964 14,979 14,995 15.010 15.026 15,041 15.056 15,072 15.087 15.102
5.7 15.117 15.133 15,148 15.163 15,178 15.193 15.208 15.224 15.239 15.254
5.8 15.269 15.284 15.298 15.313 15.328 15.343 15.358 15.373 15.388 15.402
5.9 15417 15,432 15.446 15.461 15.476 15,490 15.505 15.519 15.534 15.549
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DECIBEL TABLES

TABLE Il (continued)

Voltage

Ratio .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
6.0 15.563 15.577 15.592 15.606 15.621 15.635 15.649 15.664 15.678 15.692
6.1 15.707 15.721 15.735 15.749 15.763 15.778 15.792 15.806 15.820 15.834
6.2 15.848 15.862 15.876 15.890 15.904 15.918 15.931 15.945 15.959 15.973
6.3 15.987 16.001 16.014 16.028 16.042 16.055 16.069 16.083 16.096 16.110
6.4 16.124 16.137 16.151 16.164 16.178 16.191 16.205 16.218 16.232 16.245
6.5 16.258 16.272 16.285 16.298 16.312 16.325 16.338 16.351 16.365 16.378
6.6 16.391 16.404 16.417 16.430 16.443 16.456 16.469 16.483 16.496 16.509
6.7 16.521 16.534 16.547 16.560 16.573 16.586 16.599 16.612 16.625 16.637
6.8 16.650 16.663 16.676 16.688 16.701 16.714 16.726 16.739 16.752 16.764
6.9 16.777 16.790 16.802 16.815 16.827 16.840 16.852 16.865 16.877 16.890
7.0 16.902 16.914 16.927 16.939 16.951 16.964 16.976 16.988 17.001 17.013
7.1 17.025 17.037 17.050 17.062 17.074 17.086 17.098 17.110 17.122 17.135
7.2 17.147 17.159 17.171 17.183 17.195 17.207 17.219 17.231 17.243 17.255
7.3 17.266 17.278 17.290 17.302 17.314 17.326 17.338 17.349 17.361 17.373
7.4 17.385 17.396 17.408 17.420 17.431 17.443 17.455 17.466 17.478 17.490
7.5 17.501 17.513 17.524 17.536 17.547 17.559 17.570 17.582 17.593 17.605
7.6 17.616 17.628 17.639 17.650 17.662 17.673 17.685 17.696 17.707 17.719
7 17.730 17.741 17.752 17.764 17.775 17.786 17.797 17.808 17.820 17.831
7.8 17.842 17.853 17.864 17.875 17.886 17.897 17.908 17.919 17.931 17.942
7.9 17.953 17.964 17.975 17.985 17.996 18.007 18.018 18.029 18.040 18.051
8.0 18.062 18.073 18.083 18.094 18.105 18.116 18.127 18.137 18.148 18.159
8.1 18.170 18.180 18.191 18.202 18.212 18.223 18.234 18.244 18.255 18.266
8.2 18.276 18.287 18.297 18.308 18.319 18.329 18.340 18.350 18.361 18.371
8.3 18.382 18.392 18.402 18.413 18.423 18.434 18.444 18.455 18.465 18.475
8.4 18.486 18.496 18.506 18.517 18.527 18.637 18.547 18.558 18.568 18.578
8.5 18.588 18.599 18.609 18.619 18.629 18.639 18.649 18.660 18.670 18.680
8.6 18.690 18.700 18.710 18.720 18.730 18.740 18.750 18.760 18.770 18.780
8.7 18.790 18.800 18.810 18.820 18.830 18.840 18.850 18.860 18.870 18.880
8.8 18.890 18.900 18.909 18.919 18.929 18.939 18.949 18.958 18.968 18.978
8.9 18.988 18.998 19.007 19.C17 19.027 19.036 19.046 19.056 19.066 19.075
9.0 19.085 19.094 19.104 19.114 19.123 19.133 19.143 19.152 19.162 19.171
9.1 19.181 19.190 19.200 19.209 19.219 19.228 19.238 19.247 19.257 19.226
9.2 19.276 19.285 19.295 19.304 19.313 19.323 19.332 19.342 19.351 19.360
9.3 19.370 19.379 19.388 19.398 19.407 19.416 19.426 19.435 10.444 19.453
9.4 19.463 19.472 19.481 19.490 19.499 19.509 19.518 19.527 19.536 19.545
9.5 19.554 19.564 19.573 19.582 19.591 19.600 19.609 19.618 19.627 19.636
9.6 19.645 19.654 19.664 19.673 19.682 19.691 19.700 19.709 19.718 19.726
9.7 19.735 19.744 19.753 19.762 19.771 19.780 19.789 19.798 19.807 19.816°
9.8 19.825 19.833 19.842 19.851 19.860 19.869 19.878 19.886 19.895 19.904
9.9 19.913 19.921 19.930 19.939 19.948 19.956 19.965 19.974 19.983 19.991

Voltage

Ratio 0 1 2 3 4 5 6 L F 8 9
10 20.000 20.828 21.584 22.279 22.923 23.522 24.082 24.609 25.105 25.575
20 26.021 26.444 26.848 27.235 27.604 27.959 28.299 28.627 28.943 29.248
30 29.542 29.827 30.103 30.370 30.630 30.881 31.126 31.364 31.596 31.821
40 32.041 32.256 32.465 32.669 32.869 33.064 33.255 33.442 33.625 33.804
50 33.979 34.151 34.320 34.486 34.648 34.807 34.964 35.117 35.269 35.417
60 35.563 35.707 35.848 35.987 36.124 36.258 36.391 36.521 |. 36.650 36.777
70 36.902 37.025 37.147 37.266 37.385 37.501 37.616 37.730 37.842 37.953
80 38.062 38.170 38.276 38.382 38.486 33.588 38.690 | 38.790 38.890 38.988
90 39.085 39.181 39.276 39.370 39.463 39.554 39.645 39.735 39.825 39.913

100 40.000 — — — — — — — — —

To find ratios outside the range of this table, see page 244
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Type
CAP-15
CAP-35

M10
M20

VB, VBT

W2

Wa

W10

W20

W50
50-P1, P2
W5MTSA
WsMT3W
107

109-A
219-M
274

274
314-5S86
480-F

500

505

510

544-B
544-P3
544-P10
546-C

378

583-A
631-BL
631-P1
648-A

INDEX BY
Name Page Type
3-Wire Power Cord 237 | 648-P1
2-Wire Power Cord 237 | 667-A
DELECIBIE  « o e e 64 | 716-C
Koobg . v 5 oo B b E 234 | 716-CS1
Variace® 716-P4
Autotransformers 214, 215 | 7920-A
Variac®
Autotransformers 214, 215 792
Variac® 728-C,-D
r A'utotransformers 214,215 | g0 A
Variac ® | 7408
Autotransformers 214, 215
759-P22
Replacement Brushes
See appropriate Variac 759-P25
Type Number.
Variac® Autotransformers 207 | 799-P35
Variac® Autotransformers 208 | 759-P36
Variac® Autotransformers 209 | 760-B
Variac® Autotransformers 210 | 7T61-A
Variac® Autotransformers 211 | 761-P1
811 50) 7T 205, 211 762-B
Metered Variac® 215 783-A
Metered Variac® 215 | 805-C
Variable Inductors . . . . 178 838-B
Three-Wire Receptacle . . 287 | 874
Decade Condenser . . . 171
Plugs and Jacks . . . | 236 | 874-LBA
Patch Cords . . . . . . 237 | 874-LM
Variable Delay Line . . . 124 | 874-MD
PARBIS: < 1 v ‘wae wlagi e w 202 | 901
Resistors: .. . . « + « « = 161 | 902
Capaecitors » « « ¢ w. i 168 | 904
Decade Resistance Units . 157 | 907
Megohm Bridge . . . . | 8 | 907-R
AC Power Supply Unit . . 9 [ 908
Battery Power Supply Unit 9 | 908-P1, P2
AF Microvolter . . . . . 133 | 908-R
Shielded Transformers . . 235 | 916-AL
Output Power Meter . . . 134 | 938
Strobotas e e A a s 197 | 940
Strobotron 197 | 941-A
Strobolux . . . . 198 | 970-P

TYPE

Name

Replacement Lamp
Inductance Bridge . . . .
Capacitance Bridge
Capacitance Bridge
Guard Circuit . . . . . .
Heterodyne Frequency
Meter
Precision Capacitors . . .
Vacuum-Tube Forks . . .
Wave Analyzer
Capacitance Test Bridge .
100-foot Cable

Dynamic Microphone
Kasambldr o - 0 5 w0y

Vibration Pickup
Control Box
Sound Analyzer
Vibration Meter . . . . .
Replacement Pickup . . .

......

Vibration Analyzer

Output Power Meter . . .
Standard Signal Generator
Alligator Clip

Coaxial Elements
See index on

Slotted Line and Vernier .
Dielectric Measuring Line
Slotted-Line Motor Drive
Dials

.....

30719 1 o . -
Dials
Synchronous Dial Drives .
Dial Drives ; . « & w5 .
Radio-Frequency Bridge .
Binding Posts and Jacks .
Decade Inductors

Toroidal Transformer
Potentiometer Dial Plates

The Best Instruments in Electronics
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NUMBER

Page
198
23
10
12
19

87
164
107
223

g
186

186
188
188
193
194
195
193
134

94
239

41
43
46

233
233
233
232
152
282
151
152

32
238
179
285
233

249




INDEX

Type
971-978
980
1000-P3
1000-P4
1000-P5
1000-P6
1000-P7
1000-P10
1001-A

1021-AU, AV Standard-Signal

1021-P1

1021-P2, P3B Oscillator Units

1021-P10

1100-APV
1100-AQV
1105-A

1107-A
1108-A
1109-A
1112-A, B

1116-A
1181-B

1181-BH

1181-BT

1184-A-A
1201-B

1203-B
1204-B

1205-B

1206-B

BY TYPE NUMBER
Name Page Type
Potentiometers . . . . . 229 | 1209-B, BL
Decade Capacitor Units 172 | 1210-C
Voltage Divider . . . . . 96 | 1211-B
Dummy Antenna 96 | 1212-A
Transformer . . . . . . 96 | 1212-P1, P2
Crystal Diode Modulator . 97 | 1213-C
Balanced Modulator . . . 98
Tesb Lo « » o w,w oo 96 | 1214-A, D
Standard-Signal 1214-E, M
Generator . . . . . . 92 | 1215-B
1216-A
Generators . . . . . . 90 | 1217-A
Power Supply Unit 1218-A
and Cabinet . . . . . 91 | 1919-A
Btotege Boxtor: | ree0a
e
Oscgillator ....... 91 1500, a8
Frequency Standards 73 1980-P1
Frequency Standards 73
1231-B
Frequency Measurement
Equipment . . . . . . 76 1251.P
1106-A, B, C Frequency Transfer Units 7 | 1233.A
Interpolation Oscillator 81 | 1261-A
Coupling Panel . . . . . 82 | 1262-B
Comparison Oscilloscope . 83 | 1963-A
Standard-Frequency
Multipliers . . . . . . 84 | 1301-A
Emergency Power Suppl 75 | 1801-P1
Frequency Deviation 1302-A
Monitor: ¢ 4 @ s 55 138 | 1304-B
Frequency Deviation
Monitor: « sis o v & » 139 | 1305-A
Color Subecarrier Monitor . 139 | 1307-A
TV-Transmitter Monitor . 136 | 1330-A
Unit Regulated Power 1390-A
37175) 0] b SRR 143 | 1890-P1
Unit Power Supply 143 | 1391-B
Unit Variable Power
Qupply = & w6 w4 s 143 1392-A
Adjustable Regulated 1401
Power Supply . . . . . 142
Unit Amplifier . . . . . 68 | 1403
Unit Oscillator . . . . . 113

1208-B
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Name

Unit Oscillators
Unit RC Oscillator
Unit Oscillator
Unit Null Detector
Filters
Unit Time/Frequency
Calibrator
Unit Oscillators
Unit Oscillators
Unit Oscillator
Unit I-F Amplifier . . . .
Unit Pulser
Unit Oscillator
Unit Pulse Amplifier
Unit Klystron Oscillator
DC Amplifier and
Electrometer
Component Shield . . .
Amplifier and Null
Detector
Filters and Attenuators
Power Amplifier . .
Power Supply
Power Supply
Amplitude-Regulating
Power Supply
Low-Distortion Oscillator .
Range Extension Unit
Oscillator
Beat-Frequency Audio
Generator P
Low-Frequency Oscillator
Transistor Oscillator . . .
Bridge Oscillator
Random Noise Generator .
Voltage Divider .
Pulse, Sweep, and Time-
Delay Generator
Time-Delay Generator . .
Fixed Air Capacitors
(2 Terminal)
Fixed Air Capacitors
(8 Terminal)

.....

.....

.......

.....
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86
112
112
113

66
122
113
123
116

130
181

61
62
687
145
145

144
101
101
106

104
102
107
108 .
125
126

118
120



-

e

Type
1409
1419-A, K

1420
1421
1429-A
1432
1450
1454-A, AH
1481
1482
1490
1521-A
1521-P
1532-B
1532-P1
1582-P2
1535-B
1585-P1
1550-A

1550-P1
1551-B
1551-P1

1551-P2
1552-B
1554-A

1555-A
1555-P2
1556-A
1560-P31
1560-P34

1560-P91
1560-P94
1570-A

1570-AS15

1570-A525

Name

Standard Capacitors . . .,
Polystyrene Decade
Capacitors’ ... "
Variable Air Capacitors
Variable Air Capacitors
Fuel-Gage Tester
Decade Resistors
Decade Attenuators .
Decade Voltage Dividers .
Standard Inductors
Standard Inductors
Decade Inductors . .
Graphic-Level Recorder
Recorder Accessories .
Strobolume . . . . . . .
Replacement Lamp
Transformer Cable
Contactor
Adaptor Cable . . . . .
Octave-Band Noise
Analyzer
Adaptor Microphone Plug
Sound-Level Meter
Condenser Microphone
Systems
Leather Carrying Case . .
Sound-Level Calibrator
Sound and Vibration
Analyzer
Sound-Survey Meter . . .
Leather Carrying Case . .
Impact Noise Analyzer . .
Leather Carrying Case . .
Tripod and Extension
Cable
Adaptor
Adaptor
Automatic Voltage
Regmlgbor- o o« + « &
Militarized Voltage
Regulator
Militarized 3-Phase
Voltage Regulator . . .

.......

......

INDEX BY
Page Type
169 | 1601-A
1602-B
170 | 1603-A
228 | 1605-A
’::: 1606-A
155 | 1606-P1
159
160 | 1607-A
177
176 | 1607-P101
179 | 1607-P102
147 | 1607-P201
148 | 1610-A
199
199 | 1610-AH
199
200 1611-B
200 1613-A
1632-A
190 | 1650-A
190 1650-P1
184 1652-A
1661-A
187 | 1690-A
185 | 1690-P2
189 | 1691-A
1700
192 1 oo
183
1sg | 1702
191 | 1702-P3
189 | 1708
1705-P1
188 | 1750-A
186 | 1800-B
186 | 1800-P
1862-B
6 | 19918
918 | 1982-A
1932-P1
218 | 1951-A, E

TYPE NUMB

Name
VHIVHRdEeE . 4 o
UHF Admittance Meter .
ZerBndge . : - oo e
Impedance Comparator
REBridge . < ;o livs 5
Luggage-type

Carrying Case
Transfer-Function and
Immittance Bridge
Transistor Mount . . . .
Transistor Mount . . . .
Tube Mount

Capacitance Measuring
Assembly

Capacitance Measuring
Assembly

Capacitance Test Bridge .
Capacitance Bridge
Inductance Bridge . . . .
Impedance Bridge . . . .
g2 A0 5T R S
Resistance Limit Bridge
Vacuum-Tube Bridge .
Dielectric Sample Holder .
Adaptor Assembly . . . .
Capacitance Test Jig . . .
Variac® Speed Controls .
Variac® Speed Controls .
Variac® Speed Controls .
BRI 1, 5 Tz 15 wn” 5y
Variac® Speed Controls .
Drum Controller

Sweep Drive . . ., . . .
Vacuum-Tube Voltmeter .
Multipliers
Megohmmeter . . . . .
Modulation Monitor . . .
Distortion and Noise Meter
A-M Detector Unit

Filters

.........
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Page
33
34
28
26
30

31

36
37
37
38

14
15
18
20
22
24
24

6
39
16



INDEX BY TITLE
Page
AC Power Supgi'es ............ 142-145
Adaptor Plug, crophone ........... 190
Adaptors, Coaxial (See index on page 41.) . . . . 58, 287
Adaptor Panels, Re].ay Rack, for Unit Instruments . 202
Adaptors, Sound-Level Meter . . . . , . . . .. 186
Adjustable Attenwator . . . . . ... 63
Adjustable Attenuator, Coaxial . . . . . . . . . &4
Adjustable Autotransformer, Variac® . 208-215
Adjustable Lines and Stubs Coaxial ™=+ o i 51, 58
Adjustable Power Supply . . . . . . . . .. 142, 143
Admittance Meter, Uﬁl'! ............ 34
Admittance Bridge, AF , . . . . . ..., ... 28
Air Capacitors, Fixed, Two-Terminal . , , . . . . 167
leed Three-Terminal . . . . , . 167
Precision, Two-Terminal . . . . . . . . 164-1G6
Precision, Three-Terminal . . . . . . . 164-166
SERGORDE! v lmrols 7 ap Shele 3er e ret e ok 4 164-167
Woariable o v 5 < w56 5 56 @ e 59, 164-167, 228
Airhime, Coaxial - 5 & w4 w5 weien i 6 o s a1
Alh BorCHD G « 3w s e % 5 an e s g 239
INAREEAY & & i ok % 5 B 4 ra el & 6 50, 226
Amphﬁer. Audio-Frequency . . . . . . . 61, 62, 67, 68
Direct'Coprent & & & oo 0 @ W AR & 4 130
Intermediate Frequency } e o [i{i}
HOWEE " . i i T 8§ % 0 (0 ' I o W 8 ek 67
1L P P R T B o e S 123
Amplifier and Null Detector . . . . . . . . .. 61
Amphtude ModRIALoRE . o o o i 5 5w e e 07, 98
litude-Regulating Power Supply . . . . . . . 144
£yzers. Continuous Spectrum . . . . . 192, 193, 223
Tmpact NGB & % o 4 5 % 55 v e el BN 101
INOIBE (bl ide oo i - rh e 5 ik 5 ZONIR0EE B 190-193
Qetave-BInl & o 2 v ¢ S o e cee e o 190
Ote-"Thivd Octave < . & o+ 44 6 & ool v s 192
Boamd 5o WS e S a s g e 190, 192, 193
VIR & 5 T R = e, @ e 192, 183
Wave A N g u i 223
Antennit, DUmmy . .. . o 4 00 b o4 wnie s 0 06
Antenna Measuring Equipment . . 80, 32, 83, 84, 36, 43
Attenuator, Adjustable . . . . . . . . ... .. 62
COAXIAL v v o & wiven v iote 5 % 0 Yeiiacierer g 454
Peeafle’. o v ¥ B sl o T e T 159
Audio-Frequency Microvolter . . . . . . . . . . 133
Audio-Frequency Oscillators , . . . . . . . 81, 101-113
Audio Generator, Beat-Frequency . . . . . . . . 104
Automatic Dial Drives . . . . . . ., . .. 140-152
Automatic Voltage Regulators . . . . , , . . 216-218
Autotransformers, Variace® . . . . . . . . . 203215
lennced Mot lebor & =25 5 G 3 4 i miwo s 98
.................... 48
Bar G G R R S 234
Basic Connector, Coaxial . . . . . . . ... .. &7
Basic Motor Speed Controls . , . , . . . . 219-221
Beat-Frequency Oscillators . . . . ., . ., . . . 81, 104
BRintngr PORIR - o w09 ai's = ide @ 3 0 imUwLe e b 258
Bridges; ACEIAE w7 = oo & 7 90 0 % 4 e i 4 - 26
Adcittance | «ow . @ % 4 o5 5 0 @ W 28, 84, 86
Antenna Measuring, . . . . . . . . 30, 82, 83, 94
Capacitante - «: & & 4w & & 10, 12, 14, 15, 17, 18
20, 28, 30, 82, 98
(b e o Aty R o ) v o iy 84, 56
ISR & o 5l W@ of o D cor et & 6
High-Resistance . . . ., . ¢ 3 3 e dy oy 8
TOYHIERATIEE o v 5w o sl b e g 5 56
Impedance . . . . . . . 26, 28, 30, 32, 33, 34, 86
Impedance Comparison . . . . . . . . . .. 26
Inductanee ... o sov 5 . 4w 22, 24, 30, 88, 34, 56
Insulation Resistance . . . . . . . . . ., 8
Meohmy o o 5 5 o B0 a4l g
Radio-Frequency 12, 15, 80, 32, 33, 34, 36
Reslstaxice” -0 w3 b ki 5l dnata - , 8
Remstivity o G 4 6 e S B RGBS 8
TransferFunction = = 5 & & < v vw w o o o 36
A7 AT e I SR e 36, 59
252

Page
.................. 34, 36

EAOVBIRI. o o & ool 3 ok 08 O Shind ot Y o A4,
................ 33, 34, 36
WREBUEA ORI v o0 o0 s eh s (0 oL % 5 36, 39
o N T o T 28
Biridge AMpPIRar-. & o woo 5w o aneions i s a 61
Bridge Detectors . . . . .. . ... .. 61, 63, 64
Bridge Guard Cireuit . & . 10 e 0 sw s s 18
Bridge Transformer « 5 & = (5 Wein e & 25 4 3 285
Broad-Band Modulator . . . . . . ., . ... 97, 98
Broadcast Monitors, Frequency and Modulation .135-141
Cable, Coaxial , . . . . ... b % s v B 56
Cable, Tripod and Extension . , . . . . . . . . 188
Cable Connectors, Coaxial . . . ., . ., . . .. 57
Calibrator for Fuel Gage Testers . . . . . . . . 20
Calibrator (Tester), Fuel Gage . . . . . . . . . 174
Calibrator, Sound-Level ., . ., . . . . . ... . 189
Calibrator, Time/Frequency . . . . . . . . . . 80
Capacitance Bridges . . . . . . 10, 12, 14, 15, 17, 18
) 20, 24, 30, 32, 33
CRpBOILONS &+ 0 o & 4 9 @ ¥ 3 A0 162-174, 228
Capacitors, Air Dielectric . . , , . ., ., 53, 164-167, 228
D_ecade ................ 170-173
Fixed ST e e el ot 68 R 167-169
Mica Dielectrie . ., . , . . . . 168, 169, 171-173
Paper DIBlettHe. . ot .« of 41 13 e anse e, o 171-178
Polystyrene Dielectric . . . . . .. .. 170, 172
MR 5 v & & o v 900 1 M08 TeUieTID e 164-166
Standard’ . . . v ox e omoeooa 164-166, 167, 169
Three-Terminal . « . . v & & « v o o 164-173
Two-Terminal . . . . . . . . . 164-167, 169-173
Varigble Air' . v o a5 4 2 53, 164-166, 228
Capacitor Teat Fixtwe . 4 ¢ » 5 & S%ca e 54 b 18
Casefor BRE BYARE o % 5 % %o 0o ie s vt ot 31
for Sound-Level Meter . . ., . , . ., . .. 185
for Sound-Survey Meter . . . . . ., . . . 183
for Transistor Oscillator and Calibrator . . . 189
Chokes (for Variacs) . . . . . . .. .. .. 205, 211
Cliplock, Caaxial . . + o = oo v« o« einio w 55
Coaxial Elements , , ., , . . ., ... ... 51-568
Coaxial Instruments . , ., , , . . . 34, 86, 43, 45, 46
Coaxisl Patcheords o . % w o s @ 5 5 suem s s 56
Color-Subcarrier Frequency Monitor . . . . . . . 139
Lompamtor. HMDEABNCe: T u b% 3w e d s 26
Complmson 14 3 0 S P P Gy S 6, 26
Comparison Oscilloscope . . . . . . . . ., .. B3
ComponentMounts . & . . \ & . v 6 s v v s 55, 180
Condenser Microphone Systems , . ., . . . . . . 187
Connectors, Coaxial . . . o .« , o v 4. 0romm 57
1T Y, e I o e A T 236
Contactor, Stroboscopic . . , . . . . .., .. 200
Control Box and Vibration Pickup . . . . . . . . 188
Contrals, MotorSpeed . « « 4 4 « 5 5 pnm o 219-221
Corde POICH. o+ <5 = 5 5 & & v 9 ke atenetia 56, 237
GO EOWRE: + i scs i b B % % 0E L RS e 237
Couplmg Elements, Coaxial . . . . ¢ « v o i . u 53
Conping Panbl 175 4 & W @ 3 o 500 2 el @ 82
Crystal Diode Modulators . . . . . . . . . . 07, 08
Decade Attenuator . . < « 5 50 0« v 4w ss 159
Decade Capacitors , . . . . . .. .. ... 170-178
DecidsTadiotors & 5 < 4 & ' ov  up O prismcen o s 179
Decade Resistors . . . . . .. ... ... 155-158
Decade Switches . . . . . . . .. . . ... 158, 173
Decade Voltage Divider . . . . . . .. .. .. 160
Delay Generators, Time . . , + v . « & 118, 120
Delay-Line, Variable' o o » w 3 o o o0 wrave & = 124
Detecton, VORmeter: o ¢ « & « & 5 5 = 5evs o &0
Debeetord « csiiw 5Th 5% s e B . . . 50, 60-66, 226
Detectorty WL ¢ ad aos 45 a5 waia b 60-66, 222
Deviation Monitor, Frequeney . . . . . . . . . 138
Dial, Direct-Drive and Friction-Drive . . ., . . . 233
Gear-Drive, Precision . , , . ., . . .. . . 282
Dial Drives, Automatic Sweep . . . ., . . , . 140-152
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Drum Controller
Dummy Antenna

Frequency Monitors

Friction-Drive Dial
Fuel-Gage Tester

Harmonie Analyzers
High-Pass Filter

Immittance Bridge
Impedance Bridges

Inductance Bridge
Inductors, Decade

Insulated Plugs
Jacks and Plugs

Kit, Slotted Line
Klystron Oscillator
Kno!

INDEX BY TITLE

Page Page

Dial Drives, Synchronous ., . . . . . . . . . . . 151 Line, Variagble Delity ..« ¢ » o mn v s wie 5o 124

with Horizontal Sweep . . . . . . . . . ., 152 Lines and Line Elements, Coaxial . ., . . . o16- w1l

Dielectric Measuring Bridge . . . . . . . . 10, 12, 14 LoD I8t | oo 5r B v 8 Ve e IR S v a e b 06

Dielectric Measuring Line . . . . . . . . . . . 46 Low-Distortion Oscillator . . . . . . . . . . . . 101

Dielectric Sample Holder . . . . . . . . . . .. 16 Low-Frequeney Oscillator . . . . . . . . . . .. 102

Diode Modulators, Crystal . . . . . . . . . . 97, 08 Tow-Paas Filtér: ., . o0 & % ges 30 s 2 - .. 49
Direct-Current Amplifier , . . . . . . . . . .. 130

Distortion and Noise Meter . . . . . . . . . . . 225 Matched Terminations, Coaxial . . . . . . & i, DR

S | 140-152 Mechanical Sweep Drives . , . ., ., . . . . . 140-152

................. 149 MEgohni BYIGI: « o L o b o 5 e o e oh 8

............... 219 Megohmmeters . . . . . ., .. ... . . . 130,132

............... 96 Mega-megohmmeter . . . . . . 44 4 . 0. . . 180

Dynamic Microphone Assembly . . . . . . . . . 186 Meters, Distortion and Noise . . . . . . . . . . 225

Frequency Deviation . . .. . . . . . « . 4 . 188

................. 180 Heterodyne Frequeney . . . . ., ... .. 79,88

Blegohtl o0 5 o & 30m & S Wi B e 130, 132

............... 49 NS . oo s s B b s w e s B e (DG 188

................ G4 3175171 A M Rl gl S e IS R .

................. 49 Sound-Tavel. 1 < 4 ¢ &4 om0 @ v 184

................. 49 Sound-Survey . i v v ov e e o os e e o 188

.............. 62, 64 UHF Admittance , ., . ., . .+ .« <. .. 54

Fork, Vacuum-Tube Driven . . . . . . . . . . . 107 Vacuum-Tube Voltmeter . . . . . . . . . . 128

Frequency-Deviation Monitor . . . . . . . . . . 138 Wihratiog. o LTI e o S G s & 194

Frequency Measuring Equipment . . . . . . . . 76 Micro-microammeter . . . . . . . .. ... .. 130

Frequency Meters, Heterodyne . . . . . . . . 79, 88 Microphone Adaptor Plug . . . . . . . .. .. 190

............ 136, 138 Microphone Assembly, Dynamic . . . . . . . . . 186

Frequency Multiplierss . , . . . . . . . . . .. 84 Microphone System, Condenser . . . . . . . . . 187

Frequency Standards . . . . . . . . ... .. 73, 86 MICrOVOLbEr oo v 6 ¢ 5 % 5 5 & 8 B o 9 weE e 133

.............. 233 Militarized Voltage Regulator . . . . . . . . . . 218

............... 174 Militarized 3-Phase Voltage Regulator . . . . . . 218

Mixer-Rectifier . . . . . 4 2 2 250 aemoa s 40

................ 232 Modulation Monitor . . . . . . . . .. . .., . 149

Modtlator Wides . { v o 5 ¢ 2 a3 7 vio e b i 97

................. 117-123 Modulators, Amplitude . , ., . . . . . ... . 97,088

Random-Noise . . . . . . . . . . .. .. 125 Tt [N N e sy 07

.............. 89-116 CroatalINsde o . o o« o 5 @ %o B dse s S0DS

........... 110, 118, 122 i 1L U S S A P a8

Standard Frequency . « v v v v o w0 s 73 Mooitors, BreaiBney = . « ' i s s 0 e wims 136-139

1 A T 80-95 Monitors, Modulation . . . . . . . . . .. 136-141

............... 102 Motor Drive, Slotted Line . . . . . . . . . .. 145

3 VL, Gl 5 W s W RN S G R 120 Motor Drives, Dial . . . . . . .« & . o 149-152

Graphic Level Kecorder . . . . . . . . . . .. 147 Motor Drive, Sweep: « « © = w5 s & 3 5 i 149

................. 18 Motor Speed Controls . . . . . . . . . .. 219-221

Multiplier (For Vacuum-Tube Voltmeter) . . . . . 129

.......... 192, 198, 223 Multipliers, Standard-Frequency . ., . . . . . . . B4

Heterodyne Frequency Meters , . . . . ., . . 79, 87 PEARIIBEE M o 5 o v o Uy b b s T4

High-Level Microphone . . . . . . . . . ... 187 Mutual Inductance Standard . . . . . . . . . . 178
................ 64

High-Speed Light Source . . . . . , . . 197, 198, 199 Noise Analyzers, Impulse .. . . . . . ., . .. .. 191

DRIVEBINA < o .. 0 5 s o ne fo s By ad e 190

............... 50 OnePhivd Octaie: 4 & hos v w30 s 5 15 o v dDR

Impact Noise Analyzer . . . . . . . ., .. .. 191 Noise Generator, Random . . . . . . . . . . . 125

.............. 24, 28 Nojse Meters v 5w wobii & 5 L6 & o s o = 389 184

Impedance-Matching Tronsformer . . . . . . . . 235 Null Detector and Amplifier . . . . . . . . .. 61

............... ) Null Detector; Uit &' & v 6osist @ow & 5§ raa s B

............... 179 Null-Detector, UHF-VHF . . . . . . . . . . . 04
................ 176, 177

............. 176, 177, 178 Octave-Band Noise Analyzer . . . ., . ., . . . 190

................. 178 Oscillators, Audio , . . . ... .. .. 81101-107

s iy Bt & ek o ot ot g 236 Beat-Frequenty . . . . o 4 oo = « 4 81, 104

Insulators, Panel Terminal . . . . . ., . . . . 239 Electru—l\gechanieal ............ 107

Intermedinte-Frequency Amplifier, Unit , . . . . 65 Four-Phase . . . . » . - s g 07 el e O

Interpolation Equipment , . , . . . . . . . .. 76 TRterpOlEHONY ol hba o m = 3 9 W s se e 81

Interpolation Oscillator . . . . . . . . . ., .. 81 InverseFeedback . . « o & « « 4 & 4 = 101, 106

R e e oL i ) Wi e N 0 b TROLeR 116

................ 236 LOWIOqUeIICY, o7 e S5 o e 55 o o o RO

Plesp-Bloetritova v i o4 0 5% 5 5 s 74, 86

‘ Py - TP 47 Radio-Frequeney . . . . . . . . 79, 108, 113-116

Kits, Cable Measuring . . . . . . . . 4 0 4 . A7 Resistance-Capacitance Tuned . . . 101, 106, 110

............... 116 BRSNS SUS IR E F Ty v iy s s v 148

CTY S e BESE S A e et < B 254 Super-High Frequency . . . . . . . . . .. 116

Limit Bridge, Resistance . , . . . . ., , ., . . @ T i R O, 102

................. 4, 26 RPN PR o 5 2 @ ok o b el enee DAOT

Line, Dielectric Measuring . . . . . . . ., . . . 40 Tuning-Fork-Driven . . . . . . . . . . .. 107

................. 43 Ultra-High-Frequeney . . . . . ., . . . .113-116
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Page Page
EISE S 8 e e ) 112-116, 122, 123 BEOLOTAOMY . o o s e i St e L L 197
NariaBIS EHAE  of o)t o s e ms ety w4 D 102 Stubs, Coanal . ., . o oommie b v o v e e e 53
Very-High-Frequency ., . . . . . . .. 118-115 Sweep Drive, Automatic . . . . . . ... ... 149
Oscilloscope, Comparison . ., . . . . . . . . . . 83 Sweep Drive, Slotted Line ., , . , . . . . . ..
Output-Power Meter« . & « < cavon ¢ 55 o o 4 134 SWEEpIDEIVOR . . o cecsoniEies v E B S b LS 45, 149—-152
Sweep Generator, Pulse, Time-Delay . . . . . . . 118
Poxle, ALenUBLOr « o 6 5 % o Wiiian & B o @ @ 4 54 BYTCHIONOINEEEL . . o s o & bow & o 8 & W@ 74
Panel Terminal Insulator . . . . . . . . .. . . 239 Synchronous Dial Drives . . . . . . . . . ... 151
Parts and Accessories . . . . . . . ... . 227280
PatehCords: % 0 5 5 %4 5@ wa b ¢ 2% 56, 237 Television Transmitter Monitor . . . . . . . . . 186
Pk, Nabrabtion: 4 & 5 % e 66 o s 5w & b 188 Terminations, Coaxial . . . . . .. . ... .. 52
Piezo-Electric Oscillators . . , , . . . . . .. 74-86 Test Fixture, Capaditor. . . o o ¢ ¢ o o 5 o o & 18
Pluge- andJEokE . % o ., s s e s el 236 1 T Sy e e e N 96
Polyethylene Cable . . . . . . . .., .. ... 56 Tester, Fuel Gage . . . . . . . .. ...... 174
Polystyrene Capacitors . . . . . . . . ... 170, 172 Three-Phase Line Voltage Regulator . . . . . . . 218
Potetbionteterd - . . . by o v wimim v & 0w e w 220 Three-Terminal Capacitors . . . . . 164-167, 169-173
Power Amplifier . « = 5 o« soen w v 8 6w w s 67 Time-Delay Generators . . . . . . . . . .. 118, 120
Power'Cords : « & & o 5 weirs & 5 5 A & s 237 Time-Delay, Pulse and Sweep Generator . . . . . 118
Power Meters, Qutput . . . . . . .. .. ... 134 Time/Fre l‘gtw:m':y Calibrator, Unit . . . . . . . . 86
Power SUppHEs. < 5 e v w6 s 142-145 Transfer-Function Bridge . . . . . . . . . . . . 36
Power Supply, Amplltude Regulating . . . . . . 144 Transformers, Adjustable (Variac®) . . . . . 203-215
Power Supplies, Unit " . . . . . . . . ... 142-143 BYIARE =5 fx by iie igha AN H el <t o0 235
Precision' Capaeitor: < 5 - < oo » o 5 5 5 5 o & 164 Impedance Matching . . . . . . . .. ... 285
Precision/ DIRIE 3 i 0 b e b b ol b 8 232 Bhifalded 5 i 5 0 66 666 f e &8s 235
Primary Frequency Standard . . . . . . ., . . 73 ToriaRli T o R e o s 285
Pulse Amplifier, Unit . . . . . ., . . ... ... 123 174 2 1R R e T A 96
Pulse Generators . . . . . . . . . .. 118, 120, 122 Transistor Bridges . . . . . . . . .. .. .. 36, 39
Pulse, Sweep and Time-Delay Generator . . . . . 118 Traxsistor Motfit® . . v wioerm 4 oo o 0 @ w 3 % 37
Rlner, IR o a0 B 5o Sa e e e & N e 122 Transistor Oseillator . . o vno v v v oo o o w0 107
Tripod and Extension Cable . . . . . . . . . . 188
Radio-Frequeney Bridge . . . . . . . . .. 30, 32, 33 Tube Mounts . < « 2 s 6596 5 6 5 o o & 5 3 & 38
Radio-Frequency Oscillator . . . . . . . 108, 11 S—l 16 Tuned-Circuit Filters . . . . . . . ... .. 62, 64
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<_viii  HOW T[j ORDER TERMS ETC.

AMPLIFIERS — SEE DETECTORS

BR'DGES AND OTHER IMPEDANCE-
MEASURING INSTRUMENTS

CAPACITORS — SEE REACTANCE

ELEMENTS, SLOTTED LINES,
CUAX|AL CONNECTORS, ADAPTORE

DETECTORS AND AMPLIFIERS

DISTORTION METERS — SEE WAVE ANALYZERS
FREQUENCY  STANDARDS AND METERS

STANDARD-SIGNAL

OSCILLATORS GENERATORS

PULSE AND NOISE

INDUCTORS — SEE REACTANCE

VTVM, POWER, MEGOHM,
METERS ELECTROMETER

MODULATION AND FREQUENCY
MONITORS '0R RADIG AND TV STATIONS

POWER SUPPLIES
RECORDERS AND DIAL DRIVES
RESISTANCE ~ "“(0ttAcE oiviDers
REACTANCE  “Yauoaros DECADES
SOUND AND VIBRATION "“iioeae
STROBOSCOPES

SWEEP DRIVES — SEE RECORDERS

200 |NIT INSTRUMENTS

UHF-VHF INSTRUMENTS — SEE COAXIAL
202 ADJUSTABLE AUTOTRANSFORMERS
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218 MOTOR SPEED CONTROLS
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