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FOREWORD

Commereial acceptability has been the primary thought in the design
of General Radio instruments. This should not be taken to mean that
they are not precision instruments and, accordingly, lack accuracy, but
rather that unusual ruggedness has been incorporated in their design.
They have been designed to stand ordinary commercial laboratory use,
without loss of aceuracy.

A general classification of all instruments as laboratory working
standards would, of course, be impractical. The very nature of some
instruments as reference standards makes it necessary to give special
attention to their precision, loven in these instruments, the construction
is such that they may be veferved to regularly, without the danger of in-
jury to their accuracy of ealibration.

A feature of particular intevest in our line of laboratory equipment
is the special parts that arve nvailable for quick laboratory set-ups. These
parts consisl of quick change-over switches, special plug and jack com-
binations, and bottleneck binding posts.  In a laboratory equipped
with a few of these accessovies it is possible to get along with a smaller
number of instruments than would be required if permanent set-ups were
used. This class of equipment will be found particularly useful where
comparisons are being made between different kinds of instruments.

In looking through this catalog it is evident at once that the
instruments listed arve largely specialized ones for measurements at audio
and radio frequencies. The fact, however, should not be lost sight of
that many of these instruments ave also particularly adapted for use
at commercial frequencies and in direct current work.

Aside from the items listed in this catalog, we manufacture a
large number of special instruments and pieces of apparatus. These are
built either to the eustomer’s specifications or to meet lis particular
requirements. Your problems in this field are solicited.
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A4 ONE PRICE POLICY

The items listed in this catalog arve of such a nature that they arve
best distributed on a direct from manufacturer to consumer basis. There-
fore, with the exception of a co-operative plan with the Central Scientific
Company, of Chicago, Illinois, our instruments are not sold through

dealers or brokers.

Many of the instruments require special engineering correspondence
to determine their adaptability to the particular conditions of the pros-
pective user. As these problems are strictly of an engineering nature,
we maintain an engineering stafl’ to give particular attention to such
problems.  Your correspondence is solicited.

As our instruments are not sold through dealers, prices have been
made on a basis that does not permit any discount. All prices are,
therefore, strictly net. Quantity discounts as given in the next para-

graph are the only discounts allowed.

When ten to nineteen of any item are ordered at the same time for
a single shipment, there is a 5% discount. In quantities of twenty to
ninety-nine, the discount is 109%. In quantities of one hundred or over,
special prices will be quoted on request.

Unless otherwise stated, quotations remain open for thirty days.
Delivery promises are made subject to the usual classification of ecauses
beyond our control. Catalog prices have been revised to December 1, 1928,

but are subject to change without notice.
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CONDENSERS

The requivements of communications laboratories have called for a
wide variety of capacity units. These include precision units for capacity
and frequency standuards, and units for tuning of oscillator and filter
eireuits, The latter vequirements alone necessitate a varviety of condensers
not only hecause of the wide frequeney ranges in general use, but also
beeause of the variety of operating conditions.

The larger capacities rvequired for low frequency eirewits are neces-
sarily of paper or mica diclectric since air condensers of such capacity
would involve great bulk.

TYPE 219 DECADE CONDENSERS

Every college and vescarch laboratory has need of a variable con-
denser of lavge eapacitance and reasonable accuracy for temporary set-
ups where it is inexpedient to use the preeision types. For maximum
utility and rapidity of adjustment this unit should have the same flexi-
bility as the familiar dial-decade type of resistance box.

In the Type 219 Decade Condenser this highly desirable feature is
obtained by means of a cam switeh which makes a definite contact with
the suecessive units, determined by a ball and socket locking combination.
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GENERAL RADIO COMPANY

This permits the construction of a unit possessing the same characteristics
as the standard dial-decade type of resistance box. The capacitance
in microfarads is vead directly opposite the end of the switch pointer.
The complete unit is mounted in a walnut case with bakelite panel.

The condensers used in the 0.001 steps are the mica type. Rolled,
paraffin-impregnated paper condensers are used in the higher capacitance
steps. While this type of condenser is inferior to that using mica dielec-
trie, a well built paper condenser is so satisfactory for a wide variety
of laboratory uses that the expense of the mica type in the larger capa-
citances 1s seldom justified. These units are supplied adjusted to within
5% in the 0.001 MF., and within 29 in the 0.01 MF. and 0.1 MF. steps,
which is a fair indication of their constancy under various conditions
of temperature and frequency.

The rolled paper condensers used in the Type 219 units represent the
best of their type. The paper and foil are fed from the rolls through
an impregnating bath of molten paraffin. The thorough impregnation
thus obtained not only inereases the diclectrie strength, but also makes
the unit more consistent in its behavior, due to its greater homogeneity,
Sufficient overlap is allowed on the foil so that the successive layers of
each plate may be bent over for contact with each other. Connection
is made to the side of the plate, that is, to all layers in the roll. Because
of its lower resistance, this method of assembly is much superior for
laboratory and filter work to that which makes use of a connection at
the ends of the plates only. The side connection also avoids the increase
of phase angle with frequency which occurs with the end connection. The
phase angle of these condensers at 1000 cyeles is approximately 1.

The completed condenser units are sealed in metal cans when finally
mounted. A rigid moisture-proof assembly is thus assured.

The voltage rating of all units is 300 volts (D.C.).

USES. The Type 219 Decade Condenser is extremely useful in
vacuum-tube oscillators of variable frequency. It provides the large capa-
citance required for low frequency, and provides convenient variation
over a capacitance range of 1000 to 1. Tt is also useful in temporary
filter set-ups and in tuning cireuits to low frequencies.

Type 219-F Decade Condenser. ...........ccocvviue.n.. Price $40.00

Ten 0.1 MPF. steps.
Ten 0.01 MF. steps.

Dimensions 914" x 5” x 534”. Weight 51/ Ibs.
Code Word: COVER.
[6]



GENERAL RADIO COMPANY
Type 219-G Condenser.......c.ccovvecsvasanvisaians Price $60.00
Ten 0.001 MF. steps.
Ten 0.01 MF. steps.
Ten 0.1  MF. steps.

Dimensions 1234 x 5" x 6", Weight 7 1bs,
Code Word: BRIER.

00

AIR CONDENSERS

Variable air condensers are generally used as secondary standards
for all laboratory purposes for capacitances up to several thousandths
microfarad. Condensers for this purpose must first of all be of such
rugged mechanical construction as to withstand the handling of ordi-
nary laboratory use, without suffering changes in calibration. It is also
important that the phase angle be as low as is consistent with physical
strength and that the field through the diclectric remain substantially
constant with changes in capacity.

Realizing that there is an economic as well as a physical problem
involved, the General Radio Company has divided its laboratory air
condensers into three classes, designed to meet different requirements of
precision and constancy. The Type 222 Precision Condenser is designed
for use as a laboratory standard and in precision wavemeters, Where
laboratory work of less exacting character is planned, the Type 246 or
the Type 239 Variable Air Condenser will be found satisfactory. All
three types are alike in general electrical design.

TYPE 222 PRECISION CONDENSER

Condensers used as standards and for precision measurements must
have many features not usually found in ordinary laboratory condensers.
For variable standards it is essential that the plates be sufficiently rigid
and well spaced so that handling the condenser will not cause a change
in capacitance. It is not alone sufficient that the power factor be low,
but it is also important that the dielectric losses be substantially con-
stant throughout the entire range of the condenser,
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GENERAL RADIO COMPANY

The General Radio Type 222 Precision Condenser is intended for
use where precision is essenhial, rather than for use as an ordinary
laboratory experimental condenser,  In its design, the mechaneal as well
as the electrieal features have reeeived special attention.

The plates are of heavy aluminum, widely separated by accurately
turned spacers, and firmly elamped between substantial east metal end
plates. A steel shaft, carrying the rotating plates, turns in cone-shaped
bronze bearings. The adjustment i1s locked after the condenser has been
subjected to a rotation test to insure the proper fitting of the bearings.

The rotary plates ave turned by a worm and gear, thus permitting
fine control. The worm is held by spring tension in position against
the gear to prevent backlash. This is the same method used in aceurate
dividing engines.  The worm is lapped in to insure perfect fit, and the
condenser then tested for backlash in the laboratory.

ELECTRICAL. The stator plate assembly is insulated from the
rigid end plates, earrving the rotor assembly, by isolantite blocks. As
these blocks are small in volume, and placed in a weak, non-varying
clectrostatic ficld. the condenser has a very low power factor, 0.007%
at 1000 MMI.

(8]



GENERAL RADIO COMPANY

When using this condenser in measuring the power factor of ab-
sorbing condensers the fact that the field, where the isolantite supports
are located, does not vary with condenser sctting is of importance, be-
causc it permits the assumption that the preeision condenser is the equiv-
alent of two condensers in parallel, one being a perfect condenser of
variable capaeity, the other a small fixed condenser with which is associated
all the dieleetrie losses.

The temperature cocfficient of this condenser is practically nil,
and there is no change in capacity with frequency. The equivalent series
vesistance at 1000 cyeles and 1000 MMYF. is approximately 11 ohms.
The breakdown potential is about 800 volts (peak).  The minimum
:.'..‘-l.'l]:l('”_".' is 50 MMPF.

SCALLES AND CALIBRATION. Attached to the main shaft
is a scale, divided into 25 equal parts, while on the worm shaft is a
second seale, the circumference of which is divided into 100 equal parts.
Since one complete turn of the worm shaft moves the main scale through
one division, the position of the votary plates may be read directly to
1 part i 2500—ecquivalent to about 0.6 MMZF. Sinee these sub-scale
divisions are 1/16 of an inch apart, it is easy to estimate to onc-fifth of a
division. lach condenser is supplied with a chart giving, with an ac-
curacy of 1 MME., the condenser calibration at 26 points.

MOUNTING. The condenser is mounted on a 14 inch aluminum
plate fimished in permanent black erackle lacquer. Tlis plate forms the
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GENERAL RADIO COMPANY

top of the case, which is of polished walnut and hined with a copper shield.
In order that the condenser may be kept free from dust the two scales
are read through glass windows set into the alominum top. A moulded
bakelite rotating handle extends into the box and engages the worm shaft.
The carrying handle and other metal parts ave nickel plated.

A substantial whitewood carrving case, provided with lock and
carrving handle, is furnished with each instrument.
Tvyvpe 222 Precision Condenser 1500 MMF. . ................ =00.00

Dimensions 814" x 83" x 9”7, Weght 15 lbs.

Code Word: COPAL.

TYPE 216 CONDENSERS

The T'vpe 246 Variable Air Condenser is similar in construction to
the T'ype 222 Precision Condenser. It is better adapted to use as a see-
ondary standard than the Type 239 Variable Air Condenser and, in fact,
is satisfactory for many uscs where the greater precision of sctting of
the T'ype 222 Precision Condenser is not required.

L - . . : "
I'here is no change in capacity with frequency

The temperature
cocflicient 1s practically zero, The dielectric 1s 1solantite, whose dielectrice
propertics are superior to poreelain and which is, in addition, non-ab-
sorbent,  The diclectrie is of small volume and placed in a weak and
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GENERAL RADIO COMPANY

practically constant field. As the field through the diclectric does not
vary with the position of the plates, the condenser may be assumed
to be equivalent to two parallel condensers, one a fixed condenser of
small capacity, with all the power loss, the other a perfect variable
condenser. T'his fact is very important when the condenser is used in
measuring dicleetric losses in connection with the Type 216 Capacity
Bridge,

A reduction gearing is provided for ease in making accurate capa-
city adjustments. As the rotor of the condenser is grounded to the
frame, which effectively shields the stator, there is no difficulty due to
stray capacities.

USES. The Type 246 Variable Air Condenser meets the wide demand
in radio and general laboratory work for a variable condenser of consider-
able range, low power factor and constant capacity. It is useful as a lab-
oratory standard of capacity in bridge measurements of condenser resist-
ance in tuned civenits and in radio-frequency resistance measurements.

LOSSES. The power factor of the T'ype 246 Variable Air Condenser
at 1500 MMI. is about 0.005%. The resistance at 1000 eyeles is about
12 ohms, and at 300 kilocyeles this resistance is approximately 0.018 ohms.

CONSTRUCTION. The illustration shows the gencral construe-
tion. The plates are heavy aluminum, accurately spaced. The main
shaft is fitted between cone bearings, so that there is practically no
end-play. These bearings are ground in before their final adjustment.
In the reduction gearing, mentioned above, a small fibre pinion is
pressed against the large gear by a phosphor bronze spring so that
there is no backlash. Heavy cast bronze end plates separated by large
brass spacing pillars make a very rigid assembly. “The cabinet is
copper lined.

CALIBRATION, The minimum and maximum capacity of cach
condenser is marked on the bottom of the case. The average capacities
for each of the three sizes of this type of condenser follow:

Type Min. Cap. Maz. Cap. Voltage (Peak)
246-1. 55 MMF. 1500 MMF. 800
246-M 70 MMF. 3000 MMF. 800
246-P 72 MMF. 5000 MMF. 550

If desired, a celluloid protected ealibration eurve, accurate to within
0.5%, is supplied at an extra charge of $4.00,

FINISH. The condenser is mounted in an attractive walnut case
with engraved hard rubber pancl. A four-inch silvered dial, divided into
one hundred divisions, is securely fastencd to the main shaft.

[11]
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Type 246-1 Condenser, 1500 MME, eapacitv, ... ..o..ovvou.., $38.00
Dimensions 714" x 714" x 811”7, Weight 1134 lbs.
Code Word: CEDAR.
Type 246-M Condenser, 3000 MMI. capacity................ 845.00
Dimensions 714" x 714" x 1114”7, Weight 143/ lbs.
Code Word: CHAOS.
Type 246-T Condenser, 5000 MMF. capacity................ 554.00
Dimensions 715" x 716" x 11147, Weight 153 lbs.
Code Word: CHARY.

Mounted Calibration Curve, for any of above condensers........ %4.00

TYPE 239 CONDENSERS

L LU L

The Type 239 Condenser has end plates and condenser plates of
aluminum. The rotor plates are so shaped as to give a nearly constant
relation between wavelength and angular variation. The rotor bearings
are in direct contact with the end plates. The stator is supported from
strips of hard rubber, so placed that the field through them is weak, and
practically non-varying for different capacity settings. The rotor turns
i locked cone bearings and is counterweighted.

A slow motion gear
is supplied when desired.
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The Type 239 Condenser is supplied either unmounted or in a walnut
case with bakelite panel.

The equivalent series resistance of the Type 239 Condenser is 12
ohms at 1000 cycles at the 1000 MMF, setting. The mimimum capacity
of the 1000 MMY. condensers is 20 MMF. and that of the 2000 MMF.
condensers is 25 MMF. The maximum voltage that should be applied
to these condensers is 500 D.C.

USES. The Type 239 Condenser may be used in tuned cireuits,
i wavemeters and in bridge work.

Type 239-F 1000 MMYF. Mounted. Without gear.......... $15.00
Dimensions 6” x 6” x 7. Weight 41/ lbs.
Code Word: BABEL.

Type 239-E 1000 MMF. Mounted. With gear.............. $18.00
Dimensions 6" x 6” x 7. Weight 434 lbs.
Code Word: BANDY.

Type 239-11 1000 MMF. Unmounted. Without gear........ £7.00
Dimensions 414" x 434" x 6”. Weight 134 Ibs.
Code Word: BARON,

Type 239-G 1000 MMIF. Unmounted. With gear..........$10.00
Dimensions 414" x 434" x 6”. Weight 2 lbs.
Code Word: BASAL.

Type 239-K 2000 MMFE. Mounted. Without gear....... ... S518.50
Dimensions 6" x 6" x 9”7, Weight 514 Ibs.

Code Word: BASIN.

Type 239-J 2000 MMF. Mounted. With gear.............. $21.50
Dimensions 6” x 6” x 9”7, Weight 514 1bs.
Code Word: BATTY.

Type 239-M 2000 MMPY. Unmounted. Without gear........810.50
Dimensions 415" x 434" x 8”7, Weight 23/ Ibs,
Code Word: BAYAN.

Type 239-L 2000 MMF. Unmounted. With gear............ $13.50
Dimensions 414" x 434" x 87, Weight 234 Ibs.
Code Word: BEFI'T.
A ten point calibration is supplied with any of the mounted types
with gears at $1.50 additional, or a mounted calibration curve, accurate

Fl

to within 19, is supplied at $3.50 above the price listed.
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Condensers are also required for the tuning of temporary or perma-
nent laboratory cireuits, and for experimental receiver or transmitter
construction. These condensers are of the small eapacities, 500 MMF.
and less. They are available in several plate shapes and a variety
of capacities for various requirements.

Both metal end plate and hard rubber end plate types are available.
The rotor and stator units of both types are identical. In the metal end
plate types the rotors are grounded to the end plates. The plates of the
rotor and ol the stator sections are cach soldered together in a jig
which aecurately spaces the plates,

The equivalent series resistance of both types is about the same,
approximately 0.3 olhims at 500 MMF. and at 1000 KC. The minimum
capacity of all types ranges from approximately 15 MMF. on the small

I3

capacities to 25 MMTF. on the larger sizes.

TYPE 247 CONDENSERS

These are the condensers which stand out pre-eminently as the lead-
ers of radio-frequency condensers and still sell at popular prices. The
panel mounting models have straight-line wavelength plates. The case
mounted models have straight-line capacity plates and dials with capacity
calibrations.  They make excellent standards for the experimenter.

Type Capacily Deseription Dimensions  Weight Code Word Price
247-F 500 MMF. Panel Mntg. with ctwt, prxdrxggee 1 b, COCOA =100
247-H 500 MMTF. Panel Mntg, with gear Prx e die 11 0h. COMIC 3.75
247-E 500 MMT. Case Mtd. without gear S7x57x410 2 b, COUPE 5,00
247-G 500 MMF. Case Mtd, with gear S xarx sy, 21 1b. COLIC 5.75
247-N 350 MMF. Panel Mntg, with ctwt. rx x4y 1 1h., ABASE 2.75
247-* 350 MMF. Panel Mntg. with gear wxr sy b, ABBEY 350
247-K 250 MMIY.  Pancl Mntg. with etwt. L LU % lh. CARGO 2.50
247-M 250 MMP.  Panel Mntg. with gear 417 X e x A % Ib. CIGAR 3.5
247-01 250 MMF. Case Mtd. without gear 54 x57x 4167 13 1h. CANON 4.50
247-I. 230 MMF. Case Mtd, with gear arxsrx4tat 2 e CAROM 525

[14]
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Type 334 Condenser

Type 371 Condenser

TYPE 334 CONDENSERS

Where the shielding effect of metal end plates is desirable the Type
334 Condensers ave particularly recommended for use in receiving sets.
They are of low loss construction and very rugged.

The Tvype 334-1T and V Condensers are similar in appearance to all
other T'ype 334 Condensers except that they have double spacing for use in
short-wave transmitters on voltages up to 2000. They are supplied with

counterweights only.

Code
Type Capacity Deseription Dimensions Weight Word Price
AT 500 MME.  Panel Mntg. with ctwt. aagerx dar x d1ger 114 b, BEGIN $3.25
3= 500 MMPF. Panel Mntg. with gear degerxasgrxdr 13 1h. BELAY 4.00
334-N 350 MMT. Panel Mntg with etwt. 3 a3 14 1. BESET 3.00
33t-1 330 MMF. Panel Mntg. with gear Arrx @3 x 33 14 lh. BEVEL 3575
331-K 250 MMF, Panel Mntg, with ctwt, 33,7 x 33,7 x 81,7 11, 1b. BELOW 2,75
A3-M 250 MMPF.  Panel Mntg. with gear 33 x 3 x 3y 114 1h. BERYL 350
43T 1M MME.,  Panel Motg. without gear  33{r x 330 x40 114 b, BILLY 275
33V 50 MMYF.  Panel Mntg. without gear 337 x 3850 x 83,0 114 1b. BIPED 250

TYPE 374 CONDENSERS

These condensers are similar in general construction to the Type 334
Condensers except that the plates are cut so as to give a straight-line
frequency variation, A feature of this type of straight-line frequency
condenser is that it requires no more panel space than the straight-line
wavelength tvpe of condenser and may be substituted for either the Type
247 or 334 Condensers since the mountings are exaetly the same.

Type Capacity Deseription Dimensions Weight Code Word Price
874-B 125 MMF. Single without gear 337 x 33,7 x31u,» 1 1h. BONUS 8275
374-K 250 MMF. Single without gear g x a3 xdrir 14 b, BOSOM 3.50
ATEN 350 MMF. Balanced without gear 33,0 x 33,4 x 50 2  |bs. BOXER 4.25
374-F 500 MMF. Balanced withoul gear 33,0 x 33, x G 21 hs. BRAVO 5.00

[15]
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TYPE 557 AMATEUR-BAND CONDENSER

In designing short-wave rveceivers, it is desirable to cover only «
comparatively narrow range of frequency on one coil, thus giving proper
separation between stations. The condenser used in the Type 558 Ama-
teur-Band Frequeney Meter is particularly adapted for this service.

This condenser consists of six stator plates, two rotor plates of the
straight-line wavelength type, and two additional rotor plates, which are
complete circular dises. These latter plates revolve with the shaft, but pro-
duce no change in capacitance, hence they act as a fixed condenser shunt-
ing a variable condenser. The minimum eapacitance 1s approximately 43
MMEF., and the maximum, 70 MMF. This condenser is supplied for panel
mounting only, without gear.

Type 557 Amateur-Band Condenser. .........ccvvinvneanen...$8.25
Dimensions 334" x 834" x 334"”. Woeight 12 oz

Code Word: BEGOT.

TYPE 368 MICRO-CONDENSERS

A small balaneing or vernier condenser is re-
quired in some of the most vecent eivenits.  For such
use the Type 368 Single Hole Mounting Micro-Con-

densers are particularly recommended.

Type Capacily Description Dimensions ~ Weight  Code Word  Price

365-A 15 MM, Micro-Condenser 20/ x20x 197 2 on BULLY & .75

368-13 A0 MMT. Micro-Condenser  2#7 x 20 x 20 214 ot BURIN 100
S| ¢ —

All soldered plate condensers listed in this eatalog or used in any
of the apparatus listed are manufactured under United States Patent
No. 1,542.995. All condensers other than those having semi-cireular
plates are manufactured also under United States Patent No. 1,258.423.
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RESISTANCE DEVICES

STANDARD RESISTANCE UNITS

Resistance standards which are to be used for alternating current
measurements must maintain their resistance at the stated values in spite
of changes of frequency and temperature, and over long periods of time.
The General Radio Company has developed a type of resistance which
is extremely satisfactory for this use.

Long experience has shown that the alloy known as manganin does
not change in resistance with age. It is essential that the form on
which the resistance is wound does not change so as to introduce stresses
in the wire. Care in soldering insures freedom from corrosion. After
being wound, the resistance cards are aged for about six months before
being adjusted to their final values. This ageing process is to permit the
metal to reach a state of rest following the stress incident to winding
with the wire necessarily under tension. The observance of these pre-
cautions insures a coil whose resistance is unchanging with time.

The temperature coeflicient of the manganin wire used is so small
that the resistance may be considered constant with changes in tem-
perature in ordinary engineering work. As the coefficient is constant
over a considerable range it is a simple matter to calculate the correction
for more precise work.

In order to meet the third requirement, independence from frequency
changes, a special form of winding must be resorted to in order to
eliminate inductance and eapacitance effeets.  In the General Radio coils
the Ayrton-Perry method, illustrated in the diagram, is employed. A
thin bakelite form is used. A single wire is first wound on with a space
left between turns equal to the diameter of the wire. A second wire,
connected so as to be in parallel with the first, is then wound on the
form in the spaces between the turns of the first wire. The direction of
rotation of the second winding is opposite that of the first, so that the
currents in the two portions of the winding flow in opposite directions.
This arrangement also keeps adjacent wires at nearly equal potential,
unlike the usual type of bifilar winding which makes the ends of the
winding adjacent. Thus both inductance and capacitance effects are
kept at a minimum,

Resistance cards of this character are available in the form of a
number of resistance devices described in the following pages. These
units are also used in General Radio bridges.

[17]



GENERAL RADIO COMPANY

For coils in excess of 1000 ohms, resistance tape is used. This is
tape in which the woof is the resistance wire, and the warp cotton threads
which hold the tape together. "This type of winding is, of course, non-
inductive and very compact where a high current-carrying capacity 1s
not essential.

The curvent-carrying capacity of the one-tenth ohm units is one am-
pere, that of the one ohm units 250 milliamperes, that of the ten ohm units
100 milliamperes, and that of the one hundred and one thousand ohm
units 50 milliamperes. The coils above 1000 ohms will earry about 1 watt,

TYPE 102 DECADE RESISTANCES

For general laboratory use the most convenient resistance arrange-
ment is that of decade units. By such a method it is possible to get
nearly any value of resistance desired.  Sueh units are compact and rug-
ged. With the use of multiple-leal contact brushes with each leaf making

independent contact, and with the ends of these brushes so cut that they
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are not tangent to the path of travel, thereby preventing the cutting
of grooves in the contact studs, the dial method of mounting decade re-
sistance units is fast replacing the plug method of connection. This
method eliminates the inconvenience of the shifting of plugs, and also
their high contact resistance.

Attention is called to the fact that each decade dial has eleven
contact studs, a zero and ten steps.  This feature is especially convenient
when working at the upper or lower ends of a dial.

These decade boxes are made in three general types, two, three and
four dials. "T'hese general types, however, may cover different ranges.

The accuracy on direct current of the 0.1 ohm units, including
switch contact resistance, is 1%, that of the 1 ohm units 0.25%, and that
of the larger units 0.1%. The wire used has a practically nil temperature
coefficient of resistance and contains no iron.

When used as voltage drop devices the units in the 1 ohm and 10
ohm dials are accurate to 0.25% at 10 kilocycles and 29, at 20 kilocycles.
The 100 and the 1000 ohm units are accurate to 2% at 10 kiloeycles.
These values apply between the terminals of the box with any or all the
steps of the dial in circuit.

The T'ype 102 Decade Resistance Boxes are suitable for use in series-
tuned circuits for resistance measurements at much higher frequencies.
When so used, the accuracy of the 1 ohm units is to within 19 up to
1500 kilocycles and to within 59 at 3000 kilocycles, that of the 10 ohm
units to within 1% up to 1500 kilocycles, to within 5% at 2000 kilo-
cyeles and to within 109 at 3000 kilocycles. In order to attain this
accuracy, the eircuit must be accurately tuned.

All boxes are enclosed in walnut eabinets with bakelite panel. All
exposed metal parts are nickel plated.

Type Units Code Word Price

102-D 10 one-tenth ohm coils DECOY $22.00
10 one ohm coils

102-E 10 onc ohm coils DECRY $24.00
10 ten ohm coils

102-H 10 ten ohm coils DIVAN $25.00
10 one hundred ohm coils

102-F 10 one-tenth ohm coils DELTA $30.00

10 one chm coils
10 ten ohm coils

102-G 10 one ohm coils DIGIT
10 ten ohm coils
10 one hundred ohm coils

[19]



GENERAL RADIO COMPANY

T'ype Units Code Word Price
102-K 10 one-tenth ohm coils DEFER $42.00

10 one ohm coils
10 ten ohm coils
10 one hundred ohm coils

102-J 10 one ohm coils DEBIT $50.00
10 ten ohm coils
10 one hundred ohm coils
10 one thousand ohm coils

102-I. 10 ten ohm coils DECAY $85.00
10 one hundred ohm coils
10 one thousand ohm coils
10 ten thousand ohm coils

Number of Dials Dimensions Weight
2 734" x 5" x 5" 214 Ibs.
3 10” x 5" x 5" 4 lbs.
-+ 1235" x 514" x 514" G Ibs.

TYPE 133 RESISTANCE STANDARDS

B

l _[ﬁ STANDARD

RESISTANCE
TYPEIBIKE
kL AT [
QEMERAL MADWD GO |
© nif i, A o

Resistance Standards, wound by the method previously deseribed,
are available in the sizes listed. The accuracy of adjustment is to
within 0.19 for all values. The cases are of moulded bakelite.
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Type Resistance Current Code Word Price
133-A 1 Ohm 250 MA. RECUR §6.00
133-13 5 Ohms 100MA. REFER 6.00
133-C 10 Olins T00MA. REGAL 6.00
133-D 50 Oluns F0MA. RELAX 6.00
193-F 100 Ohms SOMAL RELIC 6.00
133-F 500 Ohms S0M A, REPAY 6.00
133-G 1000 Ohms S0MA, REPEL 7.00
133-11 10,000 Ohms 15MA. PETAL 10,00
133-K 25,000 Ohms 15MA. PASHA 20,00

The Type 133-IX Tapped Resistance listed above will be found par-
ticularly useful in amplification measurements, as it covers the range
of usual tube impedances. The total resistance is 25,000 ohms, and is
tapped in 3,000 ohm steps.

The following resistances may be obtained by suitable series and
parallel connections:

1000 2500 5833 8750 15000
1250 3333 6750 10000 17500
1444 3750 GGGT 11667 20000
1667 4000 T000 12500 25000
2000 4167 TH00 13333
2143 5000 §333 13750

Dimensions 334" x 215", Weight 4 oz.

TYPE 249 AND TYPE 329 ATTENUATION NETWORKS

Type 329 Attenuation Network

In the laboratory devoted to communication engineering the need
is often felt for an instrument whereby a given signal may be weakened,
or attenuated, by a definite known amount. For instance, it may be

% x x

r— — o=
Seuree R g SINK Source 1" - T | S
i % - z =

X Fla.2 X
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convenient to measure one signal in terms of another by decreasing the
louder until both are of the same intensity, a procedure frequently used
in measuring the gain in amplifiers or the attenuation in line circuits.

One method of doing this is illustrated in Figure 1, which shows
the familiar form of potentiometer. A fixed resistance R is connected
across the terminals of the source, while a variable portion r of this
resistance is connected across the sink into which the attenuated signal
is fed. If this sink is a voltage-operated device, drawing no current,
the potential at its input terminals will be equal to the output veltage
of the source multiplied by the simple ratio r/R. The impedance of the
potentiometer, viewed from the source, will, of course, be equal to R,
and should be made equal to the characteristic impedance of the source,
viewed from its output terminals, if optimum working conditions are to

INPUT

LndLnoO

o
x B
7]
-
o

1] B‘l
5 L] - z 1 o
Fic.3 X

be attained. Under these conditions the attenuation of the potentiometer
may readily be calibrated in terms of TU (transmission units). If,
however, the sink is a current-consuming device, then the expression for
the attenuation of the potentiometer becomes more complicated, involving
the characteristic impedance of the sink. TFurthermore, the impedance
of the potentiometer, viewed from either end, is a variable, changing with
cach setting of the adjustable contact. This will give rise to clectrical
reflections which will tend to produce wave distortion and kindred troubles.

If, however, we wish to produce a distortionless and easily computable
attenuation between a source and sink, each having the same character-
istic impedance Z, we may make use of the attenuation network shown
in Figure 2. This so-called H-type network comprises four equal series
resistances X, and additional shunt resistance element Y, connected

[22]
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between the source and sink in the symmetrical manner indicated. If
such a nctwork is intended to introduce a definite number N of trans-
mission units of attenuation, then, the values of X and Y may be com-
puted from the equations:

= Z k=1
X= 2 k-4 1

— Y7 _ k ————
Y—EL k'."_,]

Li
I

the ratio of the current, Io, leaving the source to the current, I, entering
the sink.

where k = - 1

Expressed in terms of transmission units:

— == : e
k=10%/» antilog 20

where N equals the attenuation in transmission units.

A single such network offers, of course, a definite amount of attenua-
tion determined by the values of X and Y. If, however, all five branches
of the network are made adjustable by steps, as indicated schematically
in Figure 3, and if the five switch arms are moved in unison to the cor-
responding switch points, then, by a proper calibration of the X and Y
branches, the characteristic impedance Z of the network may be main-
tained constant while its attenuation is varied by any desired steps.

In certain lines of work it may be desirable to ground the center
point of the Y shunt branch. This can be accomplished by using a net-
work with six adjustable switch arms, wherein the shunt resistance Y
is bisected into two equal parts.

The General Radio Company has developed a series of attenuation
networks operating on these principles. Iach instrument contains two
decade H-type networks which may be used individually or joined in series.
In one series of these instruments the decades are calibrated in steps of
5 TU and 0.5 TU respectively, giving a total attenuation of 55 TU;
while in the second series, the decades are calibrated in steps of 2 TU
and 0.2 TU, giving a total attenuation of 22 TU. These instruments
may be obtained ealibrated for a characteristic impedance of 600 ohms
or 6000 ohms, as desired. The attenuation is controlled by a single dial
switch for each decade.

[23]
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Instead of varying attenuation of the five branches of a single net-
work section, as previously described, the same results may be obtained
by adding two or more fixed sections in series. A four-pole double-throw
switch serves to insert or remove each particular seetion at will. Given
the characteristic impedance and the desired attenuation in transmission
units of such a section, the necessary values of the X and Y branches
may be computed diveetly from the previous equations.

In place of the symmetrical H-type network, it is frequently permis-
sible to utilize the simpler but unbalanced T-type networks for attenua-
tion purposes. Here a double-pole double-throw switch suffices to throw
each section in or out of the civeuit. The resistance values are caleulated
in the same manner, except that each of the two X branches has, ob-
viously, the value 2X in order to maintain the same total series resistance
in the network.

For certain types of experimental work an adjustable attenuation
box having one TU as the smallest unit is sufficient. Accordingly the
General Radio Company has developed a series of Type 249 Attenuation
Boxes containing six or eight fixed seetions which are controlled by indi-
vidual switches. While this type does not permit as rapid manipulation
as the Type 329 Networks, it is, nevertheless, quite satisfactory. The
illustration shows the appearance of one of these boxes.

The eight section boxes are calibrated in steps of 1-2-3-4-10-20-30-4.0
TU, affording thereby a total attenuation, by one TU steps, up to
110 TU. The six section boxes are calibrated in steps of 1-2-4-8-16-32
TU, totalling 63 TU.

The following types are built to order:

Characteristic Total
Type Impedance Attenuation Code Word Price
329-I1 600 55 TU  TENUTORROD  $220.00
329-J% 600 55 TU TENUTORPIG  $240.00
320-K G000 55 T'U TENUTORTOP  $£235.00
320-L* 6000 55 TU TENUTOREYE $255.00
329-M 600 22 TU TENUTORANT $230.00
329-N# 600 22 TU TENUTORBOY $250.00
329-0 6000 22 TU TENUTORCAT  $240.00
329-P#* 6000 22 TU TENUTORDOG $260.00

Dimensions 1674" x 1034" x 6",

The types marked * are provided with o center tap for the ¥ branch. A limited
number of certain of these types are carried in stock; others may be built to order,
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Type of Characteristic

Type No. Sections Section Impedance Code Word Price
249-A B I 600 NETWORKANT  $100.00
249-B (5 H G000 NLETWORKBOY  $120.00
249-C (3 T GO0 NETWORKCAT S00.00
249-D G 1 6000  NETWORKDOG  $110.00
249-H 8 H G600 NETWORKROD  $120.00
249-J 8 161 6000 NETWORKPIG $150.00
249-T 8 & 600 NETWORKTOP  $100.00
249-U 5 T 6000 NETWORKEYLE £140.00

Dimensions 6-Section Type 1214” x 514" x 514".
Dimensions 8-Section Type 16” x 514" x 51,".

No.oF | Power RATI0 | No.oF | Power RaTio | No.oF | Power RATIO
T.U. [GAIN | Loss | T.U. |GaiN | Loss | T.U. |GAIN | LoSS
0.1 l.023 977 3.6 2.29 437 2.1 5.3 495
0.2 l.o47 | 955 3.7 2.34 427 7.2 5.25 .43
0.3 1,072 .933 38 2.40 417 7.3 5.37 .86
0.4 .09 912 2.9 245 407 7.4 .50 J82
0.5 1122 .89] 4.0 2.51 398 725 562 .78
0.6 1148 87 4.1 257 .389 7.6 5.75 174
0.7 | 1175 .851 4.2 2.63 .380 7.7 5.89 170
0.8 1.202 832 4.3 269 372 7.8 6.03 166
0.9 Lzzo | .83 4.4 275 .363 9 617 62

1.0__| 1.258 794 45 282 .355 8.0 6.3 158 |
[N} 1.288 776 4.6 2.88 347 8.1 6.45 155
1.2 1.318 . 759 4.7 295 339 a2 éel 151
1.3 1.349 741 4.8 3.02 331 8.3 6.76 .8
1.4 1.380 724 4.9 3.09 324 8.4 6.92 T
1.5 1.413 708 5.0 3.16 316 8.5 7.08 141
1.6 1.445 692 5.1 3.24 309 8.6 7.24 .138
1.7 1,479 676 52 3.3l .302 87 7.4 135
1.8 /.54 | 661 5.3 3.39 295 8.8 7.59 J32
1.9 1.549 615 5.4 3.47 .288 8.9 7.76 23
2.0 1,585 631 5.5 3.55 282 9.0 7.94 126G
_21 .22 &7 | 5e 363 275 3.1 8.13 23
Z.8 L‘GQ M’ 57 3,72 el 9.2 8.32 120
2.3 1.698 | 589 58 3.80 263 9.3 8.5 118
24 | )78 575 58 3.89 257 94 8.7 5
25 1.778 Se2 6.0 3.98 251 as 8.9 2
| 26 | 1820 550 6.1 4.07 245 26 9.12 o
2.7. | 1.862 537 62 447 240 3.7 9.33 107
28 | 1306 S25 | &3 | 427 234 28 9.55 105
2.9 1.950 | 513 64 4.37 229 2.9 9.77 102
3.0 1.895 50! 6.5 447 224 10.0 10.00 .100
3.1 2.04 490 €6 457 219 20.0 100 ]
3.2 |2.09 A7 [ 4.68 214 30.0 4000 001
33 2.14 468 68 4.79 .209 40.0 16000 .00o!
3.4 |29 A57 69 | 4.9 .204 500 | roo000 | .00001
3.5 | 224 . 447 7.0 5.0l .200 60.0  |(000,000 | 00000/
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The table on Page 25 gives the power ratios, gain or loss, correspond-
ing to the number N of transmission units (TU) of gain or attenuation.
The numerical value of N is equal to ten times the common logarithm
of the power ratio; thus,

P,
P.

Expressed in terms of the transmission unit, gains or losses in successive

N =10 log

stages are, therefore, additive.

When operating between a source and a sink of the same impedance,
the power ratio 1s equal to the square of the voltage or current ratio,
giving

N=201log - — 20 log

D I,
Under this condition of equal impedances, the table on Page 25 may be
used to obtain the voltage or current ratios by multiplying the values of
TU given in the table by the factor 2.
TYPE 164 AUDIBILITY METER

In the course of measurement work it is sometimes desirable to
reduce the current in a load without greatly changing the characteristic
impedance of the load viewed from the source. A properly designed at-

E, 1,
)

tenuation network will present a constant impedance to the source while
reducing the load current to any desired degree. Ior some purposes,
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however, such as comparing the intensities of two signals by means of
a listening test with telephones, a complex form of network is not re-
quired. For such approximate work at a single frequency it is entirely
satisfactory to add series resistance as the load is shunted.

The Type 164 Audibility Meter was designed for use with telephones
for signal comparisons. It consists of a resistance system and switches
so arranged as to add series resistance as the resistance across the tele-
phone terminals is reduced, presenting an approximately constant im-
pedance across the input terminals. The elementary connections are
shown in the diagram. R is the resistance used to shunt the telephone
and R. is the compensating resistance; as R decrcases R, increases.

The scale is marked with an arbitrary scale of “audibility” de-
pending on the relation:—

&7

S
where S is the resistance of the shunt section and T' the impedance
of the telephones. The scale was computed on the basis of a telephone
impedance of 8000 ohms.

K (audibility constant on scale) =

- 2

|

LETECTOR

I
é

TELEPITONES

The instrument is enclosed in a walnut case with bakelite panel.
Metal parts arve nickel plated. The switch arm is of laminated phosphor
bronze.

Type 164 Audibility Meter. . civcvscnsnn svmesvunws v Price $34.00
Dimensions 8” x 8" x 47, Weight 234 Ibs.
Code Word: AWAKL.

TYPE 229 GALVANOMETER SHUNT

A galvanometer shunt has two general uses, as a means of pro-
tecting the galvanometer from injury while adjustments are being made,
and to extend its range. IFor the latter use the so-called “Universal”
type of shunt is most convenient. "This type of shunt may be calibrated
directly in ratios, as the relative multiplying power is the same for all
galvanometers, regardless of the galvanometer resistance. This feature
is best understood by reference to the diagram. The tapped resistance
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ARIDEE

S,

LNIVERSAL GALVANOQMETER BHUNT
FYPE EFF  BERAL W :’

GENERIL RADIQ OO
CAMBNOGE WAL

R is connected directly across the galvanometer. The bridge connects
to one side of the galvanometer and to the tap switch. Solution of
the circuit gives the following equation:

R
=1, R TR o
R
Q00w
R
BRIDGE GALVY
Q0w

T 9w
|
A

N is the ratio of the total resistance, R, to the resistance between
the tap and A. This is, of course, independent of the galvanometer
resistance, and the shunt may be calibrated in terms of this ratio. It
is the constancy of this “relative” mulliplying power that gives the name
“Universal” to this type of shunt. The multiplying power of the shunt
with the tap switch on unity is R li Re It is therefore important that R
should be large compared to Rg for maximum sensitivity.

When used in connection with the ballistie galvanometer method of
comparing capacitance, the constant resistance across the galvanometer
terminals is a distinet advantage, since it insures constant damping for all
shunt settings.

The General Radio T'voe 229 Universal Galvanometer Shunt is of

[ 28]
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the Ayrton-Mather Universal type described above. The total resistance
is 1000 ohms. Taps are provided for ratios of 0.001—0.01—0.1—1.0.
A short-circuit point is also provided to give complete protection to the
galvanometer when so desired. The control is by means of a dial switch.

The shunt is mounted in a polished walnut box with engraved
bakelite panel. Secparate pairs of binding posts are provided for the
bridge and galvanometer connections.

Type 229 Universal Galvanometer Shunt.................... $15.00
Dimensions 5" x 816" x 83"15. Weight 1 Ib.
Code Word: GAVOT.

TYPE 340 RHEOSTAT

In using instruments of low impedance, such as the oscillograph
across a high voltage source, a rheostat of high current-carrying capacity
and high resistance is required. When the source is of alternating
potential, a step-down transformer would normally be used, but it is some
times desirable to be certain that there is no possible source of wave-form
distortion in the circuit.

The Type 340 Rheostat has a total resistance of 100,000 ohms tap-
ped at 30—100—300—1000—3000—10,000—30,000. The upper resis-
tances are of the “lavite” type while those below the 3000 ohms step are
of our non-reactive types. The current-carrving capacity of the steps
above 3,000 ohms. 1s 10 milliamperes; that of the 1,000 to 3,000-0hm
steps, 20 milliamperes; and that of the lower resistance portion, 50 milli-
amperes,

The resistanee units are mounted in a walnut cabinet.  All exposed
metal parts are nickel-plated.

R B0 RREORBAE. oo vicosmmisineresssiniio, b s 000 o B $20.00
Dimensions 434" x 314" x 314", Weight 1 Ib.
Code Word: SURLY.

- Q0

Resistances used as loads and for the regulation of voltage and cur-
rent do not require the constaney of standards. The principal requisite
of this class of resistors is a large radiating surface and a low tempera-
ture coecfficient. The General Radio Company manufactures a number
of such units in a wide range of resistances and ratings.

[29]
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Type 125-A Phantom Antenna Resistor. ..................... $18.00
Dimensions 734" x 6” x 414"”. Weight 314 lbs.
Code Word: RAVEN.
Type 125-G Phantom Antenna Resistor.........covovvvnn.n. $32.00
Dimensions 1034” x 794" x 514”. Weight 7 Ibs.
Code Word: REBEL.

- 00

Wire-wound units have proved most satisfactory for voltage regu-
lation where appreciable currvent must be carrvied.

Potentiometers and rheostats arve provided in three wattage ratings:
the T'ype 371 Rheostat rated at 25 watts; the T'vpe 214 Rheostat at 12
watts; and the Types 301 and 410 Rheostats rated at 6 watts. All types
are wound on non-absorbent strips backed with moulded bakelite forms.

TYPE 371 POTENTIOMETERS

The Type 371 Potentiometers are supplied for panel mounting in
the following resistances:

Itesistance Current Code Word
A Olins 21 Amperes RELAY
900 Ohms 150 Milliamperes REDAN
2300 Ohms 90 Milliamperes REFIT
4300 Ohms 65 Millinmperes ROTOR
000 Ohims 45 Milliamperes ROWDY
18000 Qhms 35 Milliamperes RULFER

Type BTl Potentbiomeber: v il saweriea 85.00
Dimensions 314" x 314", Weight 7 oz.
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The Type 371-T Tapered Potentiometer provides a variation in the
rate of change of resistance over the range of the instrument. The taper
is linear, The Type 371-T Tapered Potentiometer is supplied in a 9000
ohm range only, and has a current-carrying eapacity of 40 milliamperes.

Type 371-T Tapered Potentiometer......c.cvvvviiicariassnnens $6.00
Code Word: SULLY.

RHEOSTATS

TYPE 214 TYPE 301

TYPE 410 RHEOSTATS

The Type 410 Rheostat is of the single hole mounting type. The
resistance unit is tightly wound on a specially treated non-absorbent fiber
strip. Genuine moulded bakelite is used for the base. A moulded bakelite
knob is also provided. The shaft is 14" in diameter and the outside
diameter of the bushings is 84”. The length of the bushing is such that
the rheostat may be casily mounted on panels up to 24" in thickness.

Resistance Current Coile Word
0.5 Ohm 3.5 Amperes SAVOR
1.5 Ohms 2.0 Amperes SAXON

6 Ohms 1.0 Ampere SABOT
12 Ohms 0.75 Ampere SALON
25 Ohms 0.5 Ampere SALTY

The Type 410 Potentiometer is of similar construction, but is pro-
vided with a third connection,
200 Ohms 175 Milliamperes SATIN
Type 410 Rheostat or Potentiometer. . .......cocveivviarnnnans $1.00
[32]
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TYPE 301 RHEOSTATS
The Type 301 Rheostat and Potentiometer are siwilar in general ap-
pearance and construct’on to the Type 410 Rheostat except that they do
not possess the single hole mounting feature.
The T'vpe 301 Rheostats are designed for baseboard as well as back-
of-panel mounting.

Resistance Current Code Waord
6 Ohms 1.0 Ampere PALSY
12 Ohms 0.75 Ampere REMIT
25 Ohms 0.5 Ampere RENEW

The Type 301 Potentiometer is of similar construction, but is pro-
vided with a third terminal,

200 Ohms 175 MA. REBUS
Type 301 Rheostat or Potentiometer.......... ... ... ........ $1.00
Dimensions 27 x 134" x 214", Weight 4 oxz.

TYPE 214 RHEOSTATS
The Type 214 Rheostats are larger than the Type 301 Rheostats and
are capable of a more accurate and gradual resistance control. These
rheostats are made in two types, the Type 214-A Rheostat for back-of-
panel mounting and the Type 214-B Rheostat for table mounting.

Type Z14-A Type 214-1
Resistance Current Panel Mounting Table Mounting
0.75 Ohm 4.0 Amperes SHINY SILLY
2 Ohms 2.5 Amperes RUDDY RUMOR
7 Ohms 1.5 Amperes RURAL RUSTY
20 Ohms 0.75 Ampere RAZOR READY
50 Ohms 0.5 Ampere RAPID RAVEL

The Type 214 Potentiometer is of similar construction, but is pro-
vided with a third terminal.

400 Ohms 175 MA. ROSIN ROWEL
Type 214 Rheostats .......c0viveiiiinniiiiiinriiennens $1.50
Type 214 400-ohm Potentiometer..........ccoviiiiiiinaniann $1.75

Dimensions 3" dia. x 21", Weight 7 oz.

A rheostat of 2500 ohns is also supplied in this type for use as a
variable biasing resistor in AC.-operated power amplifiers. This unit is
capable of carrying 75 milliamperes.

Type 214-A 2500-ohm Rheostat. ... . coviinviiiivine duns e vass 82 25
Dimensions 3" dia. x 214"”. Weight 7 oz

Code Word: SYRUP,
[ 33]
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Type 214-B 2500-ohm Rheostat............oiiiiiiinin... $2.25
Dimensions 3" dia. x 214", Weight 7 oz.
Code Word: SYNOD.

TYPE 446 VOLTAGE DIVIDER

The Type 446 Voltage
Divider has been especially de-
signed for use as an output
potentiometer device for 300-
volt rectifying systems. It is
wound in two sections, one of
15,000 ohms for the plate sup-
ply, and a 1500-ohm section for
obtaining the bias voltage for a
power tube. It is equipped with four adjustable sliders, suitably engraved,
by means of which any combination of voltage may be obtained from the
plate supply unit. This unit will dissipate 60 watts. If intended for
use with a 500-volt rectifying system two voltage dividers should be
connected in series.

Type 446 Voltage Divider with four sliders...........ovvvnnn.. $2.75
Dimensions 716" x 4 5/16" x 114", Weight 5 oz.
Code Word: VISTA,

CENTER TAP
RESISTANCE UNITS

In using alternating cur-
rent, 2 means of obtaining the
mid-potential point of the
filament is required.

~ The Type 439 Center Tap
Resistance is designed to be

, mounted directlv across the fila-
Tyge 429 ment or heater termimals of any Type 437
tube socket by means of adjust-
able eontact prongs. This unit provides the center tap of the filament in
circuits requiring such a conneetion. It has a total direct-current re-
sistance of 60 ohms (1. e., 30 olims on cach side of the center tap) and is
capable of carrying 200 milliamperes without excessive heating.
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Type-480 Center Tep JROBISLRIITE . voow oomv vminis mimemem e s s $ .35
Dimensions 115" x 114" x 55", Weight 1 oz.
Code Word: PASTY,
Conditions often arise, due to unbalancing, when it is desirable to have
a tap slightly off center across the filament of tubes having their filaments
heated by alternating current. The Type 437 Adjustable Center Tap
Resistance is similar to the Type 439 Center Tap Resistance except that
the tap is made by means of an adjustable slider. This enables the tap

to be placed at a neutral point, thus reducing hum to a minimum.

Type 437 Adjustable Center Tap Resistance .................. $ .50
Dimensions 185" x 134" x 38", Weight 1 oz.
Code Word: PERII..



INDUCTANCES

A wide variety of fixed and variable inductances are vequired in
the communication laboratory. "These include inductance standards,
tuning and filter inductances, and chokes.

TYPE 106 STANDARDS OF INDUCTANCE

The Type 106 Inductance Standards are designed for bridge measure-
ments at commercial and andio frequencies, The requirements of such
standards include constancy of both resistance and inductance with fre-
quency. There should be insufficient external field to cause appreciable
coupling with the bridge cireuits, or with neighboring inductors.

The Type 106 Inductance Standards are wound with stranded wire,
having the separate strands insulated from each other, the resistance of
which is substantially constant over a wide frequeney range. In order to
elimmate the effect of external fields so far as possible the coils are wound
in two sections so connceted that their external ficlds oppose.

The coils are form-wound and firmly bound with tape. There is no
metal in the field of the coils and the small amount of metal necessarily
used in the assembly of the instrument is all non-magnetic.

The adjustment of the T'ype 106 Inductance Standards is accurate
to within 0.192. The current-carrving capacitics are as follows: 0.1
millihenry. 3.5 amperes: 1 millihenvy, T ampere: 10 millihenrys, 500 milli-
amperes ; 100 millihenrys, 250 milliamperes; 1 henry, 150 milliamperes.

The resistance of the standards is low and constant over a consider-
able frequency range. The resistance abt 1000 eveles is the same as
the direct-current resistance, within the accuracy of bridge measurements.
The divect-current vesistanee of each standard is entered on the bottom
of the cabinet., The standards are mounted in walnut eabinets with bake-
lite panels. All metal parts are nickel plated.
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Type Inttuetance Weight Coide Word Price
106-1. 0.10 Millihenry 23/ Ib. INNER $25.00
106-G 1.0 Millihenry 215 b, INERT 25.00
106-J 10.0  Millihenrys 23/ 1h, IRATE 25.00
106-K 100.0  Millihenrys 314 1b. ISLET 25.00
106-M 1.0 Henry 5 b ISSUL 36.00

Dimensions 106-L, G, J, K 578" x 575" x 314",

Dimensions 106-M 574" x B7R" x 55",

TYPE 107 VARIOMETERS

Where a fixed bridge ratio is used, an adjustable standard is required.
Such an arrangement is not recommended for great accuracy since it is
possible to obtain a more reliable ealibration on an adjustable resistor
than on an adjustable inductor. It possesses superior convenience, how-
ever, for many uses. A variable inductance is also of service in the tuning
of circuits.

The Type 107 Variometers are designed to cover the field of use-
fulness for such variable inductors. They consist of two coils, both
sections of cvlinders, so mounted that one may be rotated within the
other. Two terminals are brought out from cach coil, so that the coils
may be used separately, or connected in series or in parallel.

The coils are designed to have a low resistance. They are wound
with stranded wire having a small variation of resistance with frequency.
The field of the coils contains very little solid dicleetric and practically
no metal, This metal is non-magnetic. and so placed as to be in a very
weak field.
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Attached to the bottom of each case is a certificate giving the
maximum and minimum inductance when the coils are connected in series.
Mounted ealibration curves, accurate to within 19;, may also be supplied
for an additional charge of $5.00. The inductance is practically constant
with frequency up to 50 kiloeyeles,

Type 107-F Variometer. About 0.04 to 0.4 millihenry.......... $27.00
Carries 2 amperes continuously.
Code Word: HAPPY.
Type 107-G Variometer. About 0.4 to 4 millthenrys. ........... $27.00
Carres 0.5 ampere continuously.
Code Word: HARDY.
Type 107-H Variometer. About 1.4 to 18 millihenrys.......... $27.00
Carries 0.50 ampere continuously.
Code Word: HAVEN.
Dimensions 6" x 6” x 8”7, Weight 43/ Ibs,

TYPE 268 VARIOCOUPLER

In experimental set-ups, variable inductors and variable couplers of
small size are frequently required for the tuning of eircuits.

The stator inductance of the Type 268
Variocoupler 1s 380 micerohenrys; the rotor
inductance 1s 106 microhenrys. "This instru-
ment s especially compact and efficient
in circuits which require a high-grade coupler.
Type 268 Variocoupler.............$2.50

Dimensions 4” x 4” x 214”. Weight 6 oz.
Code Word: VALE'T.

TYPE 269 VARIOMETER

The Type 269 Variometer is much
smaller than the average variometer, which
gives it a deeided advantage when compact-
ness and portability of the set are consider-
ations. It is efficient electrically and has a
maximum-to-minimam inductance range of
820-80 mierohenrys.

Type 209 VEPIOMEber: s o e son e v e s i sam $3.50
Dimensions 434" x 3” x 134”. Weight 7 oz
Code Word: VALID.
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TYPE 277 INDUCTANCE AND COUPLING COILS

A series of inductances so relat-
ed as to cover a series of over-
lapping wavelength ranges is uscful
in the laboratory for setting up os-
cillator and tuning civenits. Plug-in
bases greatly inerease the uscfulness
of such coils.

The Type 277 Inductance Coils
are so shaped m ratio of diameter to
t{‘llgtil. the materials so chosen, and
the construction such that they have
very low losses. The forms are of
moulded bakelite,

Models A, B and C have single
windings and are wound in two see-

& b o tions so that the mid-point may be
=17r=B8 ‘ S obtained or coupling turns added at
277-D the center point. Models D, D15,

and D14 are coupling coils with a small primary winding.

Mounting holes are so arranged that Type 274-P Plugs may be in-
serted and the coils used interchangeably in the Type 274 Mounting Bases.
Wavelength with

Type 500 MMF. Condenser Inductance Code Word  Price
277-A 50 to 150 Meters 1+ Microhenrys VALOR S1.00
277-1b 100 to 300 Meters 55 Mierohenrys VAPID LOO
277-C 200 to 600 Meters 217 Microhenrys VENUS 109
277-> Coupling Coil, 200 to 600 Meters 217 Microhenrys VIGIL L.15
277-D Coupling Coil, 100 to 300 Meters 35 Microhenrys VIPER 1.15
277- I}l Coupling Coil, 50 to 150 Mcters 13 Microhenrys VILLA 1.15
277-U Unwound Coll Form VIGOR il
Dimensions 5,7 x i, v x 2140,
TYPE 379 RADIO-FREQUENCY CHOKES
Radio-frequency chokes are used to offer a high

impedance to radio-frequeney currents in circuits oper-
ating at audio frequencies or on direct curvent.

The T'ype 379 Chokes are designed to offer a high-
radio-frequency impedance in the amatenr and broad-
cast bands. The cffective eapacity does not exceed
MMF. at any wavelength between 20 and 640 meters. [
The ense is of moulded bakelite, The eleclrical charne-

teristics of the chokes arve given in the following table.
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Type Inductance Current Rating DC. Resistance
379-T 8 Millihenrys 200 Milliamperes 34 Ohms
379-R GO Millihenrys 90 Milliamperes 140 Ohms
Type 879-R Radio-Frequency Choke.............civivinnnns $1.25
Code Word: JEWLEL.
Type 8379-T Radio-PFrequency Choke..........c.covvinnveee.. . §1.25

Code Word: JIMMY.
Dimensions, both types, 2”7 x 134" x 134", Weight 6 oz

TYPE 366 FILTER CHOKE

Low-frequency filters, particularly those of the *brute foree type”
used in plate supply units, require a filter inductor of large inductance
and current-carrying capacity.

The T'ype 366 Filter Choke is such a
unit. It consists of two ‘_.’H--hvnl'}' chokes,
each brought out te separate connections.
The DC. resistance is 350 ohms per choke.
Type 366 Filter Choke.............$5.00

Dimensions 414" x 335" x 415",
Weight 43/ Ibs.
Code Word: TEPID.

TYPE 369 IMPEDANCE

\ The Type 369 Impedance is suitable for

use in impedance-coupled amplifiers, in parallel

\ TYPE 368

plate-feed systems, and where an iron-cored in-
ductance is used to prevent low-frequency in-
teraction between eircuits.

The mductance without a DC, component
15 98 henrys: the DC. resistance is 1750 ohms;

and the permissible current is 10 milliamperes.

Type 369 Impedance .....ocvivieiiiiniiiiiiiniiiiiiieaen $2.50
Dimensions 314" x 314" x 215", Weight 114 lbs.
Code Word: TONIC.
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BRIDGES

GENERAL INFORMATION

The simplicity and accuracy of bridge methods of measurement have
led to their general adoption for the determination of resistance, in-
ductance, and capacitance. While there are a number of standard bridge
circuits, differing in detail, all depend on balancing the voltage drops
through the several arms of an impedance network so that no current
flows through a null indicator connected across the network.

DIRECT-CURRENT MEASUREMENTS

The simplest form of bridge civeuit, the Wheatstone, consists of
four resistances (Iig. 1). When no current flows through the null indicator
D, the voltages a-b and a-d are equal, as are b-¢ and d-e, i. e.:

aA — ‘lllﬁ
and iaC = D

C
or AD = BC

If three of the resistances

C are known, the fourth is read-
ily caleulated.

Bridge measurements di-

vide into two classes, depend-

D ing upon whether direct or

alternating current is used as

a source. Direet current is

used only in resistance meas-

|| | l urements. A storage battery
| | or other convenient source of
Fie, 1 direct eurrvent is required to

supply the bridge. The voltage of the source is determined by the resist-
ance in the circuit, and the safe wattage dissipation of the bridge arms.
The sensitivity of the bridge inercases with the applied voltage. A direct-
current galvanometer, protected by a suitable shunt, is used as a null
indicator.
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ALTERNATING-CURRENT MEASUREMENTS

A change in current is required for the measurement of inductance
and capacitance. Modern practice has abandoned various forms of in-
terrupters in favor of a steady source of alternating current which should
be practically sinusoidal. TFor this purpose a microphone hummer is
suitable if measurements are made at a single frequency, or a vacuum-
tube oscillator if measurements are to be made at a number of frequencies.
The following instruments, fully described clsewhere in this catalog, will
be found suitable for use as sources for bridge measurements:

Type 213 Audio Oscillator (microphone hummer)............$32.00
Type 413 Beat-Frequency Oscillator (15-9,000 eyeles)........ 210.00
Type 377 Low-Frequency Oscillator (65-70,000 cyeles)........ 350.00

The impedance network for alternating-current measurements is
subject to a variety of modifications of the simple bridge circuit, depend-
ing on the particular requirements of the problem. A number of such
bridges are described in the following pages.

If measurements are made at audio frequencies the most sensitive
form of null indicator is the telephone. The impedance of the telephone
should approximately equal the impedance of the bridge for maximum
sensitivity, Where telephones of the proper impedance arve not available,
an impedance-adjusting transformer may be used to adapt the bridge
impedance to that of the telephones. A wide variety of suitable trans-
formers for this work is listed in the transformer section of this catalog.
A suitable telephone headsct is listed below,

Western Electric Receiver T'ype 1002-C..........cccivviievans $12.00

The sensitivity of the bridge will also be increased by the use of an
amplifier between the bridge and the telephones. This is particularly re-
commended in factory testing where there is considerable noise present
and where speed is a factor. When using a source such as the General
Radio Type 213 Audio Oscillator, a filter between the bridge and the tele-
phones is also advisable.

If bridge measurements arve to be made at commercial frequencies
the telephone is not a satisfactory null indicator, owing to the comparative
insensitivity of both the telephone and the ear at such frequencies. For
this work a vibration galvanometer is recommended. At 60 cyeles the
General Radio Type 338-G Galvanometer is a satisfactory null detector
where very great sensitivity is not required.

Type 838-G Galvanometer .....cicveivveissssneroncnsnss 2160.00
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—
—N

M N When using telephones and an
—WWVWMIH————MMN‘—‘ audio-frequency source, trouble may
be encountered in balancing the

> bridge, due to a charging current

flowing in the telephones in conse-
quence of a difference in potential
between the observer and the tele-
phones. This trouble may readily
be overcome by the use of a trans-
' & former with a shield between the pri-
mary and secondary. Where a trans-
former is not available, the Wagner
1 G- Earth connection, illustrated in the

! diagram, may be used to bring the

telephones to ground potential.

!

The extra circuit consists of
two resistances M and N which may
be decade boxes of about the same
total resistance as the bridge arms,
N an additional telephone set and a
@ switch. The junction of M and N

is grounded. With the switch S
open the br ldgt. is balanced as closely as possible in the usual manner,
The switch is then closed and the secondary bridge A-B-M-N balanced,
using the telephones T2 as a null indicator. All adjustments are, of
course, made on M and N so as not to disturb the setting of the main
bridge. With the secondary bridge balanced, telephones T'1 are at earth
potential, and the final balance on the main bridge may be obtained
with the switch open.

Numerous modifications of the fundamental bridge circuit are re-
quired to meet specific requirements. The General Radio Company manu-
factures a line of bridges to meet the requirements of communication
work which are deseribed in the following pages.

TYPE 210 RATIO ARM BOX

The simplest type of bridge is made up from a set of ratio arms to-
gether with a suitable standard, the unknown forming the fourth arm of
the bridge. The use of ratio arms instead of a permanent bridge set-up
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provides for the greatest possible utility of equipment in the small labor-
wtory.,

The Type 210 Ratio Arm Box consists of two similar arms, each
having 1000 ohms total resistance, tapped at 1-3-10-30-100-300 ohms.
The resistances arc of the Ayrton-Perry type. This type of resistance,
deseribed in another section of this catalog, is practically free from in-
duetance and capacitance effects at andio frequency. The eurrent-carry-
ing capacity is 50 milliamperes and the adjustment accurate to within
0.1%. The dial switches are of the multi-leal type, assuring low and
constant resistance, The eabinet is of walnut with bakelite panel. All
metal parts are nickel plated.

Lype: 210 Ratio Arm BoXmw v viaies ssrensidaliemas s S528.00
Dimensions 716" x 5 x 4”. Weight 234 Ibs.
Code Word: RABID.

TYPE 193 DECADE BRIDGE

The Type 193 Decade Bridge is designed as a utility bridge. It is
adapted to general bridge measurements of resistance, inductance and ca-
pacitance outside the field of special purpose bridges. The bridge eireuit
shown on Page 46 consists of three resistanee arms, of the non-inductive
type.

RESISTANCE MEASUREMENTS. In making measurements of
resistances the null indicator is connected between points 1 and 2, and the
STD posts connected together. Re is used as the resistance standard. The
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unknown is conneeted at X and the bridge balanced. The solution of
the network gives the equation:—
Ry Re
u

This method is suitable for the measurement of cither divect or alter-
nating-current resistanee, a suitable source being conneeted at F. The
aceuracy of the bridge for resistance measurements is to within 0.29, if

Bx =

proper care 1s cxercised by the operalor.

INDUCTANCE MEASUREMENTS, In inductance and eapaci-
tance measurements, the bridge must be balanced for resistance as well as
for reactance. The third resistance arm Re is used to obtain a resistance
balance of the bridge. Since Re must be connected in the arm having the
lower resistance (standard or unknown) and this is not generally known in
advance, it is desirable to set the bridge up with a switch so arranged that
the null indicator may be readily transferrved from 1 to 3, placing Re in
either arm. The bridge is balanced, the condition of zero current in the
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Re
RIGHT J-1-|O-100 =

o E: o

BATTERY-OSCILLATOR

null indicator requiring simultaneous balance of both resistance and in-
ductance. The solution of the network gives the equation for the un-
known inductance

— RalLs
Ly = Re

The resistance balance gives the relation:—

— Ra (Rs + Re)
o He

if Re was connected in series with the standard or:—

Rx

if Re was connected in the unknown arm.

The accuracy of induectance measurement is to within 0.29 for air
core inductances. Owing to the change of inductance with saturation it is
impossible to obtain an exact balance with iron core inductances since
the degree of saturation changes with every adjustment. The error is
consequently greater in this type of measurement. The range for induct-
ance measurement is from about 20 microhenrys to several henrys.
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An inductance may be compared with a capacitance by connecting
the capacity ncross Ra. The unknown inductance is connected at the
STD posts, the null indicator to 2 and 3, and the X posts connected
together. The solution of this network gives the equation

Lx = Re Rec C

The Type 106 Inductance Standards deseribed on Page 36 are

satisfactory for use with this bridge.

CAPACITANCE MEASUREMENTS., The Type 193 Decade
Bridge is also suitable for the measurement of comparatively large capa-
citances, where extensive shielding is not required. For capacity measure-
ments the bridge is set up with a switch for transferring Rc from the
standard to the unknown arm as before. The unknown condenser is con-
nected at X and a standard capacitance at STD. When there is no cur-
rent flow through the null indicator the bridge is balanced for both capa-
citance and resistance. The capacity balance gives the equation:

Re Cs
Ra

Since the bridge is in balance for resistance as well as capacitance
the resistance equations follow as before.

‘Ra (Rs + Re)

Cx =

Rx = Rn
if Rec was in the standard arm, or
Ra Rs
Bx = Re Re

if Re was in the unknown arm.

The accuracy of the bridge for capacity measurement is to within
0.29. '"The range is from 0.01 microfarad to several microfarads.

GENERAL DESCRIPTION. The elements of the bridge cir-
cuit shown on Page 46 are mounted in a walnut cabinet with a hard rub-
ber panel. A dust cover is furnished to protect the bridge when not in use.
The resistance units ave of the Ayrton-Perry non-reactive type. The
current-carrying eapacity of the one-tenth ohm units is one ampere; that
of the one chm units, 250 milliamperes: that of the ten ohm units, 100
milliamperes; and that of the one hundred to one thousand ohm umts,
50 milliamperes. The cabinet is copper lined to provide shielding. All
exposed metal parts are nickel plated.

‘Lype 198 Decede Bridge: e ool e @ e i s i $115.00
Dimensions 177 x 1014" x 5. Weight 1314 lbs.
Code Word: BIGOT.
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TYPE 216 CAPACITY BRIDGE

For precise measurements of small eapacitances or accurate deter-
mination of diclectrie losses the ordinary type of bridge is unsatisfactory,
since the stray capacitances in the civeuit are of the sume order of mag-
nitude as the capacitance to be measured. A bridge for the measure-
ment of small eapacitances requires complete shielding of all its elements.

The Type 216 Capacity Bridge has been designed for this type of
measurement.  The clementary circuit is similar to that of the Type
193 Decade Bridge, consisting of three resistances, two ratio arms and a
power factor resistance. The cabinet containing the bridge is copper
lined and divided into several shielded compartments,

In order to isolate the bridge from stray capacitance effects trans-
formers with grounded shields between primary and secondary are used
both at the input to the bridge and at the null detector.

Since this bridge is designed for the measurement of small capaci-
tances where the substitution method is used with equal total capacitances
in the bridge arms, the ratio arms are equal resistances. The use of
equal arms without switches makes a very accurate adjustment of the
resistances possible,  Sinee the arms are identieal, any slight changes of
power factor with frequency will balance and produce no resultant errvor.
The third resistance arm may be connected in series with cither capaeity
arm as required to balance the bridge. A switch ¥ is provided for
convenience in making the change. This resistance is one of our stan-
dard non-reactive decade boxes, mounted in a shielded compartment.

It is very often desirable to calibrate a vernier condenser whose
total capacitance is of the order of 3 or 4 MMF. For this
work the bridge is first balanced, using capacitances of the order
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of 1000 MMF. If one of the vesistance ratio arms were to
be increased one part in one thousand, i. e, from 5000 to 5005 ohms,
the ratio of the capacitances would be changed accordingly, which is a
change of 1 MMF. In order that the ratio arms wmay be
changed in this manner, resistance units arve supplied with the bridge.
These units may be added to either ratio arm. Although the standard
cquipment of each bridge includes three of these resistance units so
as to give ratios of unbalancing of 0.001, 0.01 and 0.1, they can be fur-
nished to give any ratio desired.

Since the impedance of small capacitances at 1000 cyeles is high—
that of 1000 MMI. being 160,000 ohms—it is desirable that
a high impedance detector be used to denote the balance point of the
bridge. As the impedance at 1000 cycles of a pair of sensitive telephone
reccivers is only of the order of 20,000 ohms, it is evident that this is
too low. For this reason an impedance-adjusting transformer, designed
to work between an impedance of 200,000 ohms and an impedance of
20,000 ohms, is used. This arrangement provides the correet impedance in
both the bridge and the telephone circuits and makes it possible to detect
a very small difference in potential, such as that eaused by the unbalancing
of the condenser arms to the extent of one-hundredth of a micromicrofarad.

In order to prevent errors due to capacitance between the obscerver
and the telephones, a grounded shield is used between the primary and
secondary of this transformer. The junction of the two resistance arms
is also grounded.

The accurately calibrated decade resistance arm provided for power
factor measurements is valuable as a means of measuring dielectric losses.

OPERATION. A complete book of instructions, outlining the pro-
cedure for various types of measurement, is supplied with each instrument.

USES. The Type 216 Capacity Bridge is adapted to the measure-
ment of capacitances up to about 0.5 MT. with great accuracy. The bridge
is capable of indicating an unbalance of one-hundredth of a micromicro-
farad. The probable error of measurement using the Type 222 Pre-
cision Condenser is about 1T MMF. When greater accuracy is required
an accurately calibrated condenser of small capacity should be conneeted
across the Type 222 Precision Condenser. As most errors come from stray
fields and moving leads, a permanent and substantial set-up is necessary
for accurate work.

The bridge is also suited to the determination of the power factor of
diclectrics. The resistance adjustment may be made to one ohm (although
the impedances measured are often in the neighborhood of 200,000 ohms).
This single ohm, however, may be a considerable percentage of the change
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of resistance Re and for this reason from 5% to 109 is a conscrvative
fisure for the accuracy of resistance measurements.

The testing of small samples of cable or the study of temperature
changes in diclectrics is made easy because of the sensitivity of this
instrument. An example of this latter use is a test made on a sample
of hard rubber. The sample, which was three inches square and one-
half inch thick, was placed between two metal plates. At 54° T. this
sample had a eapacitance of 11 MMF. and a phase angle of 48", When
heated to 100° F. the capacitance had increased to 12 MMF. and the
phase angle to 1° 55,

For the usual run of capacitance and power factor measurements,
the T'ype 213 Audio Oscillator is suitable as a source. Where measure-
ments are to be made over a wide range of frequencies the Type 377
Low-Frequency Oscillator is available. This instrument offers a range ex-
tending from the upper commercial frequencies, through the audio and
carrier frequencies and into the radio frequencies.

The bridge circuit is mounted in a walnut cabinet and very tho-
roughly shielded. The resistance box is in a separate shielded compart-
ment. ‘I'he panel is of bakelite and all exposed metal parts are nickel

plated.

TyDe Z16 Copacity- BRg@e. . - cosrninbbnrornssdibnbsssests $175.00
Dimensions 15" x14” x 77, Weight 191/ lbs.
Code Word: CIVIC.
Type 213 -Audio Oseillator. . ..covsuwsmenvmmnmeseree vaenes $32.00
Dimensions 6” x 434" x 5”. Weight 414 Ibs,
Code Word: AUGER.
Type 222 Precision Condenser Max. Cap. 1500 MMF........... $90.00
Dimensions 9” x 815" x 10”.  Weight 15 Ibs.
Code Word: COPAL.
Type 246-I Balancing Condenser Max, Cap. 1500 MMF...... $38.00
Dimensions 714" x 716" x 814"”. Weight 9 lbs.
Code Word: CEDAR.

TYPE 383 CAPACITY BRIDGE

Certain classes of capacitance measurements where accurate deter-
mination of power factor is not important can be obtained with simpler
forms of bridge than the Type 216 Capaecity Bridge. In the design of
delicately adjusted receivers it is necessary to give considerable attention
to the inter-clectrode (grid-filament, plate-filament, and grid-plate) capa-
cities of vacuum tubes. Tor this reason, the measurement of these capa-
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cities is of particular interest both to tube and to receiver manufacturers.
The very small capacities involved, about 5 MMF., render the usual type
of bridge measurement not very satisfactory for this use. The Type
388 Portable Capacity Bridge is particularly designed for this type of
work.

A conventional type of bridge circuit, as shown below, is used, con-
sisting of two resistance and two capacity arms. It is actuated
by a self-contained microphone hummer supplied from a 4.5-volt dry
battery. The output from the hummer, of about 800 cycles frequency,
is fed through a transformer to the bridge circuit. The transformer has
a shield between its primary and secondary, and is in addition wound in
two scctions so as to reduce capacity effects. The phones are supplied
from another transformer, whose primary is connected across the bridge,
and whose secondary is brought out to the lower PHONE (O
terminals as shown in the photograph. Three adjust-
ments appear on the bridge panel, marked LOSS

ADJ., ZERO ADJ., and CAPACITY. These cor- W\
'

& - }
Logs | A @&
71_
YER.
- 7 (I
4 || ,
¥ |
| cap.
!!m 383 PORTABLE CAPACITY BRIDGE (;
Burera: "zavo GENERAL RADIO CO. H

CAMBERIDGE . MA33.

respond to the condensers labelled LOSS ADJ., VER., and CAP., respect-
ively in the diagram. The LOSS ADJ. condenser, shunted across the
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resistance arms of the bridge, compensates for the variation from zero
of the power factor of the unknown capacity. This adjustment is not
calibrated as it is not intended for use as a means of measuring power
factor. It is intended merely to compensate for loss current in the
condenser arm which might otherwise render a balance of the bridge im-
possible. It is generally necessary to make this adjustment only when
rather high loss is associated with the capacity under test. The ZERO
ADJ. condenser is included across the balancing condenser and the un-
known in order to balance out stray capacities of leads, sockets, ete.
Since the ratio arms and standard condenser are fixed, the total capacity
in the fourth arm of the bridge, which includes the unknown with its leads,
the zero-adjusting and the measuring condenser must be constant for
balance. In making measurements the leads, sockets, or other apparatus
associated are connected to the terminals and the capacity of the ZERO
ADJ. condenser reduced sufficiently to balance the bridge with the CAP.
condenser set at maximum eapacity. The dial on this condenser is set
to read 180 degrees out of phase with the capacity, i.e., the dial is set
at 0 for maximum capacity.

The unknown capacity is then connected and the condenser marked
CAP. rotated (reducing its capacity) until the bridge is again
balanced. The LLOSS ADJ. condenser is adjusted as required in each
case. The capacity of the unknown condenser is obtained by multiplying
the reading of the measuring condenser by a factor appearing on the dial.

A very convenient accessory in making measurements on the inter-
electrode capacities of vacuum tubes is the socket shown in the fore-
ground of the photograph. This socket is equipped with three plugs so
spaced as to fit the binding posts of the bridge, and connected to grid,
plate, and filament. In measuring the tube capacities, this socket is
plugged in and the bridge balanced for zero. The tube is then placed in
the socket and its eapacities measured directly.

Readings can be made to about one-half division on a one hundred
division scale with telephones, or somewhat more accurately if an ampli-
fier and vacuum-tube voltmeter are used.

The Type 383 Capneity Bridge 1s made in two models. One, with a
range extending to 30 MMF., is designed for the measurement of
small eapacities. Another, with a range extending to 600 MMF., is par-
ticularly useful in matching condenser units for use in single control set-
ups. The accuracy of the instrument makes it very useful for this pur-
pose, as it will show up differences of less than 1 MMF. between such
units. Its simplicity in comparison with the quartz-controlled oscillators

[52]



GENERAL RADIO COMPANY

and other expedients resorted to for condenser matching recommends
it strongly.

A very useful adjunct to the capacity bridge is a two-stage amplifier.
A vacuum-tube voltmeter such as the Type 426-A Thermionic Voltmeter
can then be used to detect balance and a somewhat greater aceuracy at-
tained than is possible with earphones. Another advantage of the volt-
meter is that it permits tolerance limits to be marked on the dial of the
voltmeter, a useful practice in factory inspection work.

The Type 383 Capacity Bridge is mounted in a copper-lined walnut
case with a metal panel. All exposed metal parts are nickel plated. A
4.5-volt battery is supplied with the bridge.

Type 383-A Portable Capacity Bridge (30 MME.).. . ......... $80.00
Code Word: BRUIN.
Type 383-B Portable Capacity Bridge (600 MMIY) .. .......... £80.00

Code Word: BUGLI.
Dimensions hoth types 18”7 x 615" x 614", Weight 1434 Ibs.

TYPE 210 CAPACITY METER

For test work a divect-veading bridge of fair aceuracy is of greal
convenience. The Tvpe 240 Capacity Meter is designed to fulfill this need.
It is especially adapted to general laboratory and commercial uses in ob-
taining capacitance measurcements ranging from 0.001 to 10 MI. with
an accuracy to within 0.5%. Its simplicity of operation and general
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dependability make it invaluable in factory inspection work in measur-
ing or comparing capacitance values.

The instrument consists of a capacity bridge with variable resist-
ances in the ratio arms and ecapacitances in the unknown and standard
arms. A schematic diagram of the whole assembly is shown below.
The input is from a specially designed microphone buzzer supplied from
a 4.5-volt dry battery contained in the ease. Provision is also made for
the use of an external battery.

The resistances M and N are wound on thin bakelite strips to reduce
distributed capacity and induetance. R is a rheostat of 120 ohms re-
sistance.

Fa O 0 . T L .

The standard condenser C is built up of copper plates inter-
spaced with mica dielectric, assembled under pressure and impregnated
with paraffin. It is firmly clamped in a heavy brass frame.

OPERATION. Before operating the meter it is necessary to put the
battery in place as follows: Remove the four screws at the corners and lift
the panel out. The battery is then slipped under the holder so that
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GENERAL RADIO COMPANY

such data it is necessary to apply an AC. potential to the grid of the
tube and to make use of certain balanced-bridge measurements.

The General Radio Type 361-B Bridge was developed to furnish
an instrument which would not only provide for the easy and rapid
measurement of filament emission and certain so-called “static character-
isties”, but would also act as a direct-reading bridge giving three funda-
mental “dynamic characteristics” of the tabe, namely: the Amplification
Constant, the Plate Resistance, and the Mutual Conductance. To measure
these dynamic constants the bridge must be supplied with current from
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an audio-frequency tone source, preferably sinuseidal in character, and
then be balanced for a null setting in the telephone headset in the man-
ner of the ordinary impedance bridge. The Type 213 Audio Oscillator
makes an excellent tone source for this purpose.

The bridge is designed to combine accuracy with great ease and
speed of manipulation. All changes in the bridge to obtain the different
circuits used are made by means of throw switches. The balancing ad-
justments are on a dial-decade scheme.

The tube to be measurcd is inserted in a detachable socket, mounted
externally on the panel of the bridge. A 10-volt Weston meter is provided
for measuring the voltage directly across the filament terminals and, by
means of a multiplier, the plate battery voltage. A Weston 5-milliampere
meter is used for measuring the plate current. This is equipped with a
shunt extending its range to 25 milliamperes. Provision is made for
inserting any desired grid battery in the grid circuit. "Thus, by varving
the filament voltage, plate voltage, and grid bias (all by means external
to the bridge), the data for the customary “static characteristic curves”
may be read conveniently on the bridge meters. Routine inspection tests
at defimte voltages arve, of course, quickly and easily performed.

The bridge is equipped with three telephone keys and two foar-dial
resistance arms, the proper manipulation of which enables the operator
to determine quickly the three dynamic characteristics mentioned above
for any particular specifications of filament voltage, plate voltage and
grid bias. T'hus, in a similar manner, the “dynamic characteristic curves”
of a particulur tube may be obtained easily and rapidly and research
or routine inspection work greatly facilitated.

The resistances are of the non-inductive, low distributed capacity
type, and the bridge is adequately shielded. The input transformer
has a shield between its two windings.

The units constituting the bridge may be arranged in any of the
accompanying circuits by manipulation of the key switches.

The Type 361-B Vacuum-Tube Bridge is designed to measure AC.
as well as DC, tubes.

The precision of results obtained from the bridge may be improved
by the substitution of a resistance of 100 ohms for the telephones, and
the use of an amplifier for balancing. This reduces the cffect of telephone
impedance and direct-current resistance drop through the telephones to
that of the 100-ohm resistance.

The cireuit of Fig. 1, obtained by throwing in the key marked
AMPLIFICATION CONSTANT, provides for the direct measurement
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GENERAL RADIO COMPANY

be made of plate resistances up to 100,000 ohms in 10-ohm steps.

For the measurement of mutual conductance, the bridge circuit is
transformed to that of Fig. 3 (the 1000-ohm plate resistance of Fig. 2
is reduced to 100 and the grid resistance becomes 1000). Balance is
obtained by adjusting Ra and the variometer.

At balance: Ra It=100 Ir=100pEg/(Rr-100)
Eg=1,000 Ir
Ra=100,000 }l.,r’RP (R is large compared to 100).
p=Ra Rr/100,000
Mutual eonductance=p/Rr=Ra/ 100,000
Since the A-arm is marked with 1/10 of its true resistance:
Mutual eonductance in mhos =reading of A-arm x 107%,
Values up to 0.01 mho may be read in steps of one micrombho.
It should be noted that some error is involved in the assumption that
Re s large, compared to 100. This error may become quite great when
measuring tubes of low plate resistance. The percentage error is100/Rr.
The bridge reading is less than the true value of mutual conductance.
Fig. 4 is the circuit for taking the static characteristics, The
voltmeter is normally connected across the filament. Depressing a switch
connects it across the plate battery, and throws in a multiplier. The
maximum reading is 200 volts. The ammeter is provided with a shunt,
reading cither 5 or 25 milliamperes maximum. A button type of switch
controls the shunt.
A pamphlet of instructions is supplied with the bridge.

Type 361-B Vacuum-Tube Bridge. . . .............oviinn... $220.00

Dimensions 16" x 14”7 x 87, Woeight 21 lbs.
Code Word: BIBLE.
The bridge price includes sockets for the UX and UY-base tubes.
UV-base adapter sockets may be obtained as follows:

Type 361-40 For use with large UV-base
Type 361-41 For use with small TUV-base

PRIR BHNOE BYPE (o o viivins i lenm e m o g wad 3 ko e > At £83.00

TYPE 1143 MUTUAL-CONDUCTANCE METER

Of the three fundamental dynamic constants of the three-clement
vacuum tube (plate impedance, amplifieation factor, and mutual conduct-
ance), the mutual conductance gives the most positive indication of the
tube behavior, since it involves the ratio of the other two constants.
While the mutual conductance is not a complete indication of the com-
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parative merit of tubes of differing types, it is a positive indication among
tubes of the same type. If a tube fails to meet the standard specifications
of its type, either through faulty filament emission or an incorrect spacing
of the elements, the mutual conductance always will be lowered. Since the

mutual conductance is very easily measured, this constant is the one most
suited for use as an acceptance standard for purchasers, and for use
in factory, store or laboratory for rapid checking of tubes against a
standard value. This device should not be confused with the Type
361-B Vacuum-Tube Bridge, which is a laboratory instrument designed
to give accurate measurement of all three constants.

The Type 443 Mutual-Conductance Meter is a null-point bridge in-
strument excited by a self-contained microphone hummer and battery.
A standard UX-type of socket is provided as well as a socket for the
five-prong scparate heater tubes, All tube batteries arve external. Any
desired plate voltage may be applied to the tube as well as any desired
grid biasing voltage. The instrument is equipped with a voltmeter for
indicating the voltage across the filament. By the use of one or the
other of the rheostats mounted on the panel it is possible to adjust the
filament voltage to the correct value for any standard tube. A pair
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of telephones is used as a null indicator. If the bridge is operated
in a noisy environment an external stage of amplification will be found
desirable.

Values of mutual conductance having a precision of within 5%
are quickly obtained by the manipulation of a single dial to give silence
in the phones. This dial is ealibrated to read mutual conductance directly
in micromhos from 0 to 2500 micromhos. The dial spacing is not uni-
form but is so graduated as to maintain an approximately equal per-
centage precision of reading over the entire scale.

Price does not include batterv. A 4.5-volt battery is required.

Type 443 Mutual-Conductance Meter. ... ... s T g P et $55.00
Dimensions 107 x 10”7 x 415”, Weight 614 lbs.

Code Word: MUCUS.
The following list of representative values of mutual conductance

for various types of standard tubes were obtained with the Type 443
Mutual-Conductance Meter.

Representative
Rheostat Used Mutunl
High Low  Filament Grid Plate  Conduclance
Current  Current Voltage Bias Voltage (Microlimos)
UX-11-UX-12 P, € 1.1 -4.5 90 390
UX-226 X 1.5 -9.0 135 70
UyY-227 b. ¢ 2.25 -4.5 90 1010
UX-199 X 3.3 -4.5 90 420
UX-120 X 3.3 -22.5 135 310
UX-200-A X 5 0 45 G40
UX-201
? UX-201-A % 5 -4.3 90 740
'X-201-B X 5 -4.5 90 T40
UX-240 X 3 -3 180 300
UX-112
{ UX-112-A X 5 -9 135 1760
UX-171
{ UX-171-A X 5 -41 180 1330
UX-210 X 7.5 =35 425 1450
UX-250 D. & 7.5 -84 450 1800
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FREQUENCY STANDARDS

TPor many vears the General Radio Company has been engaged in
the development of independent frequency standards. Methods of meas-
urement have been steadily and greatly improved, and the development
of more accurate standards has kept pace with the development of meas-
urement methods.

The frequency standards offered hy the General Radio Company
are of two classes: fundamental laboratory ealibration standards for
which piezo-clectrie oscillators are now used, and secondary standards of
the resonant-circuit type. The former have recently been supplemented
by magnetostriction oscillators for use at the upper audio and lower
radio frequencies.

PIEZO-ELECTRIC OSCILLATORS

Type 275 Piezo-Electrie Oscillator

The piezo-electric properties of erystalline quartz make it partieu-
larly well adapted for use as a frequeney standard. Plates of this ma-
terial, when properly prepared and placed in the cireuit shown on Page
64, will hold the frequeney within very narrow limits. The oscillating
frequency is nearly independent of the electrical constants of the cireuit.
The frequency is principally dependent on the physical dimensions of the
quartz plate which may be ground very closely to specifications.
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The General Radio Company, working in conjunction with Dr. W.
G. Cady and Dr. G. W. Pierce, has developed a commercial application
of this principle.

Licensed under Fiofents *rd&oid6 ond T472583
for Lxperimental wse only
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The oscillator circuit is shown above. A UX-199 tube is used as an
oscillator. The meter, mounted on the front of the panel, indicates when
the circuit is oscillating. The circuit between the plugs marked TEL
must be closed. The tuned circuit must be adjusted approximately to the
frequency of the quartz plate, or the system will not oscillate. The system
will oscillate only at the frequency determined by the plate, and not at the
frequency of the tuned circuit. When the plate has several frequencies of
oscillation, the tuning of the vacuum-tube circuit determines at which of
the frequencies the plate will oscillate. The coil is mounted externally and
is suitable for coupling to other apparatus.

Limits are imposed on the fundamental frequencies for which it is
possible to provide plates by physical conditions. The lower frequencies
require very large plates, while for the higher frequencies the plates
are very thin, difficult to handle, and fragile. The practical limits at
present are about 100 and 2000 kilocycles. Lower and higher frequencies
are readily obtained from these fundamentals, since the oscillator output
1s rich in harmonics. Reasonable care should be taken in handling the
plates, as they will fracture if subjected to too great a mechanical shock.

Where 1t 1s desired to use the weaker harmonies of the tube, one
or two oscillating vacuum-lube circuits may be coupled to the oscillator
output, and adjusted to zevo beats, If different harmonies are used for
each oscillator, harmonics as high as the 300th may be utilized. TLower
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frequencies than the fundamental may also be obtained by means of
the auxiliary tube., The auxiliary tube is adjusted to the lower fre-

i =
| ] oS
| &

quency by tuning it for zero beat between its harmonic of the desired
order and the quartz-controlled oscillator. By means of this device,
a single plate may be used to obtain a great number of frequencies.

TYPE 275 PIEZO-ELECTRIC OSCILLATOR

In the General Radio Tvype 275 Piezo-Electrie Oscillator the principle
of frequency control by the use of quartz erystals has been made available
for general experimental use. The Type 275 Piezo-Electrie Oscillator is
intended primarily for a frequency standard.  As such it offers numerous
advantages over the ordinary standard wavemeter as a primary standard.
The entire equipment is considerably less bulky than the wavemeter, and
the essential standard of frequency, the quartz plate, is of vest-pocket
dimensions. The frequency of the piezo-clectric oscillator is determined al-
most entirely by the constants of the quartz plate and holder and thercfore
is maintained practically constant, once the physical dimensions are fixed.

The instrument is entirely self-contained and consists of the com-
ponents shown in the wiring diagram, mounted in a suitable cabinet
which has space for all necessary batteries.  Since the plate is mounted
on the front of the panel with a plug-in arrangement, plates may be
readily exchanged in order to extend the frequency range.

Type 275 Piezo-Electric Oscillator ............c00ieiieien. £60.00
Dimensions 10”7 x 117 x 8”.  Weight 93 lbs.
Code Word: LABEL.

TYPE 375 STATION PIEZO-ELECTRIC OSCILLATOR

For broadeasting station use there has been developed the Type 375
Station Piezo-Electrie Oscillator, This instrument incorporates an oscil-
lator, similar to the U'vpe 275 Piezo-Electric Oscillator, and a two-stage
amplifier. The addition of the amplifier makes this unit suitable for
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monitoring in the operating room. When the Type 375 Station Piezo-
Electric Oscillator is placed in the operating room, and connected to a
loud-speaker, the beat note becomes plainly audible when the station fre-
quency differs from that of the standard.

Licensed under U. S, Patents Nos. 1,450,246 and 1,472,583 for ex-
perimental use only.

Type 375 Station Piezo-Electric Oscillator, including two-stage amplifier.

Piiee, without plabe: .ousammmune v s v wiamsis $100.00

Dimensions 1314"” x 13" x 8”. Weight 163 Ibs.
Code Word: LATIN.

Four classes of plates are provided. Where a wavemeter standard
is desired, and the exact points of calibration are immaterial, a plate can
be provided without special grinding. Plates of this class are provided
with the usual mounting, and the fundamental frequency, measured to
within 0.19, engraved on the cover. They can usually be supplied to
within 25% of any specified frequency within the above range. By
making use of harmonics, one plate may be used for a number of calibra-
tion points. Where a closer approximation to a specified frequency is
desired, plates may be provided to within 59, of the required frequency.
Where the requirements are still more rigid, plates may be ground to
within 0.19% of the specified frequency. The calibration on all plates is
to within 0.1%. This calibration is not guaranteed, however, if the plate
is used to control a greater power than a type 201-A tube with normal
plate voltage.

A fourth elass is intended particularly for broadeast stations, which
are required by Federal regulations to maintain their frequencies within
500 cycles of that assigned. These plates are furnished only with a
Type 275 or T'ype 375 Oscillator. They are guaranteed and certified
to be within 500 cyeles of the specified frequeney when used in the oscillator
with which they are supplied. These plates are intended for use only
as standards. Their high degree of accuracy will not be maintained if
they are used in power oscillators.

Type 376-B Quartz Plate, mounted, ground to == 2579 of specified
frequency.

PUACE s oo v s m s a6 o B e R R 5 S s e e A %25.00

Code Word: LAGER.
Type 376-C Quartz Plate, mounted, ground to = 5% of specified fre-
quency.

PRI s e S e S R R R S S e e %35.00

Code Word: LAPEL.
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Type 376-D Quartz Plate, mounted, ground to = 0.19% of specified fre-
quency.
B s R R R PR R SRR SRR TR AR $50.00
Code Word: LARVA.
Type 376-E Quartz Plate with certificate of aceuracy to 500 cycles.
IO i W B A e R SR S R R 8 S 8 B $£60.00
Code Word: LEGAL.

Quartz plates are also provided for amateur transmitters. “These
plates are not ground to specifications, but are supplied to have a fre-
quency somewhere in the band specified. They are unmounted, but are
calibrated to an accuracy of within 0.25%.

Type 276-A 160 Quartz Plate. Unmounted. For use in 160-meter band.
iy e oD Rt o S A £l B S el e S b e $15.00
Code Word: LABOR.

Type 276-A 80 Quartz Plate. Unmounted. For use in 80-meter band.

T o A T £ e e B T $25.00
Code Word: LAYER.

L'ype 356 Plate Holder for 276-A Quartz Plate only............ £1.50
Code Word: LASSO.

MAGNETOSTRICTION OSCILLATORS

Type 489 Pierce Magnetostriction Oscillator
Recent laboratory researches have made possible the develop-
ment of controlled oscillators for use at lower frequencies, analogous to
the piezo-electric oscillators which have been in use at radio frequencies for
some time. "These standards are the result of recent investigations of the
phenomena of magnectostriction by Dr. G. W. Pierce, of Harvard Uni-
versity.
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Just as properly prepared quartz crystals expand and contract
under the influence of a varyving clectrostatic ficld, due to their piczo-
electric properties, so also do rods of certain materials expand and con-
tract under the action of varying magnetie fields by virtue of their
magnetostrictive  properties.  Pure iron and steel, although they
are strongly magnetic, show only very fechble magnetostrictive effects.
On the other hand, pure nickel, which is only slightly magnetic, gives a
strong magnetostrictive response. Allovs of nickel and iron in certain
proportions are active, especially those having about 369 nickel and
649 iron, which is the approximate composition of invar and stoic metal.
Alloys of chromium, nickel and iron, exemplified by the metal nichrome,
and monel metal, which is an alloy of nickel and copper, are among
the most active materials which are easily obtained. Alloys of cobalt
and iron are also strongly magnetostrictive. All of these materials
are improved by annealing.

If a rod of some magnetostrictive material be surrounded by a coil
through which an alternating current is passing, at the peak of each
half eycle the rod is magnetized and is thereby made to expand along its
length, regardless of the polarity of the magnetization. "Thus, the rod
will expand and contract, that is, it will vibrate longitudinally, with a
frequency which is twice that of the alternating current in the coil,

If, on the other hand, the rod is at the same time subjected also
to a steady magnetizing force greater than the peaks of the alternating
force, then the net magnetization will rise and fall with the AC. wave
but will never reverse its polarity, As a vesult, the rod will now vibrate
with the same frequency as the altermating current. If this frequency
falls within the range of audition, these foreed vibrations of the rod im-
parted to the surrounding air will, of course, be audible.

Instead of forcing the rod to vibrate in step with any impressed
frequency, the rod can, by the use of the circuit shown in full lines in the
diagram, be made to control the oseillations of the hi-mu tube T, to
a single frequency (and harmonies thercof) cmmspun{lmg to the natural
frequency of wibration of the rod,
which is inversely proportional
to its length. 1In this manner
we have controlled or standardized
frequency closely analogous to the
control of a vacuum-tube oscillat-
or by means of a piezo-clectric
crystal.
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The two equal coils L, and L. are inserted in the plate and grid
circuits of the tube. C is a variable condenser whereby the total reactance
of these coils may be resonated to the natural frequency of the rod. The
coils surround but do not touch the rod, which is balanced or clamped at
its center point.  The direction of winding of the coils is such that filament
emission currents flowing in the plate and the grid circuits would magnetize
the rod with the same polarity. This is exactly the opposite of the condi-
tion existing in the familiar Hartley oscillator cireuit. That is to say,
the magnetostriction osecillator with the rod removed is degenerative rather
than regenerative in character.

A is a DC. milliammeter giving an indication of resonant tuning of
the circuit as C is varied. The dotted circuits show how, by virtue of a
second tube Ty, a stage of amplification may be added to the oscillator.
The coupling condenser C, is of the order of 0.1 MF. The choke and
2 MF. condenser C, in the plate circuit of the amplifying tube constitute
the familiar “speaker filter” for removing a DC. polarization from the
output terminals, The grid leak 1s of the order of 50,000 ohms.

When such a cireuit is tuned by means of C until resonance with the
natural frequency of the rod is approached, the reading of A rises sharply
to a maximum as the rod goes into strong vibration. When this optimum
point is reached the condenser may be increased or decreased by a consider-
able amount, while the frequency of the oscillator remains unchanged.
That is to say, the circuit is stabilized at the natural frequency of the rod.

Various. types of tubes may be used at T,, the plate voltage may
be changed from 67 to 133, or the filament voltage may vary from prac-
tically zero emission to destruction of the filament with a resultant change
of less than one part in 80,000 in the stabilizing frequency of the circuit.
A reasonable control of these variables gives, of course, a much more
precise standardization of the frequency,

The relation between the length and natural frequency of a rod is
given by the simple equation:

V=2 LF

where I is the frequency in cyecles per second, L the length of the rod,
and V the velocity of sound in the rod expressed in corresponding units.
For a given material, V is a constant essentially independent of L and F,
so a whole series of rods of definite frequencies is easily prepared. Dr.
Pierce has made such a series, having fundamental frequencies varying
over a wide range from a few hundred to 30,000 cycles per second.
Harmonics of these frequencies up to several millions are readily detected,
Since great difficulty is encountered in obtaining large enough piczo-clec-
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tric erystals to give fundamental frequencies below 25 kiloeycles, the lower
range of frequency standardization has been greatly increased by the in-
vention of the magnetostriction oscillator. Magnetostriction rods are cali-
brated with much greater ease than are piezo-electric erystals, since the
rods remain continually active and are not subject to the disappointing
vagaries of crystals.

As the length of the rod is decreased and its frequency increased,
greater stabilization is attained by occasionally reducing the inductance
of the two exciting coils. This is readily acecomplished by having three
or four different pairs of coils mounted on jack-plugs for easy substitution
in the oscillatory circuit.

Under the license to patents pending of Dr. Pierce, the General
Radio Company has developed magnetostrietion oscillators embodying
the eireuits shown in the diagram.

The Type 389 Pierce Magnetostriction Oscillator incorporates the
cirenit illustrated, which is supplied mounted in a eabinet without coils,
rods or vacuwn tubes, It includes the stage of amplification and has provi-
sion for extending the range of the condenser C, as well as other desirable
control features.

The Type 489 Pierce Twin Magnetostriction Osecillator is illustrated
on Page 67. Tt consists of two separate and complete oscillators and ampli-
fiers mounted in a single unit, with provision for varying the capacity
coupling between them. One oscillator may be controlled by a rod, while
the other takes the form of a variable Hartley oscillator to be used in
frequency ecalibration, or both oscillators may be controlled by rods, and
definite fixed beats between them obtained.

Suitable coils can be supplied for any frequency in the range for
which rods are furnished, or the coil unit in the T'ype 884 Radio-Frequency
Oscillator may be employed.

Standard rods will be available in the frequency range of 10,000 to
50,000 eycles. Two classes of rods will be provided: approximate rods
where no attempt is made to obtain a precise frequency, and rods prepared
to within 0.1% of a specified frequency. In each case the aetual frequency
of the rod will be accurately determined and specified to within 0.19%.

The magnetostriction equipment is new, and the manufacturers
will welcome any suggestions for changes or improvements based on the
users’ experience.

The oscillators are licensed under patent applications of Dr. G. W.
Pierce, and under Patent No. 1,113,149 for experimental use only.
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Type 389 Pierce Magnetostriction Oscillator................$195.00
Dimensions 1234” x 123" x 8”. Weight 18 lbs.
Code Word: MAGNETOCA'T.
Type 489 Twin Pierce Magnetostriction Osallator. ... ........ $275.00
Dimensions 19346"” x 1114” x 8", Weight 30 lbs.
Code Word: MAGNETODOG.

Oscillators are furnished without coils, rods, tubes or batterics.

Coils and Mounting for ¥od .« iammwwisme vevmsasssee v $30.00
Rods—approximate ............c.ciiiiennn... ceeeeee.. 32500
Rods ground to specified frequency .........cooovviiiiiinn. $40.00

TYPE 224 PRECISION WAVEMETER

The Type 224 Precision Wavemeter has long been known as a pre-
cision standard. While newer standards have a greater precision than
wavemeters of the resonance type, the precision of the Type 224 Precision
Wavemeter is sufficient for many uses as a laboratory standard. An in-
strument of the wavemeter type is also necessary in conjunction with pri-
mary standards of the piezo-clectric type as a secondary standard and
transfer instrument of continuous range, sinee the piezo-clectrie oscillator
provides fixed calibration points only.

This wavemeter is designed to provide an accurate instrument for
laboratory scrvice, yet is sufficiently portable for general measurement
work where precision is essential.

Since the condenser is the Type 222 Precision Condenser deseribed on
Page 8, it is not necessary to describe it in detail here. The coil mounting
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The I'ype 224-1 Precision Wavemeter is similar in general construc-
tion to the Type 224 Precision Wavemeter, with such modifications as
proved necessary for short-wave work.

Type 224-L Precision Wavemeter 15—600 meters, .o.oo.ovunn. $200.00
Dimensions 1814” x 1214” x 13", Weight 2314 1bs.
Code Word: UNDER.

TYPE 174 DIRECT-READING WAVEMETER

The Type 174 Diveet-Reading Wavemeter is designed for general use
in commercial and experimental radio stations. Its equipment is such that
it is adapted for use with receiving or transmitting sets, l;-mp]n}'ing either
damped or undamped waves. Its self-contained, direct-reading features
make this instrument particularly valuable for commercial work.

A hot-wire galvanometer is used for indicating resonance of trans-
mitted signals of average intensity, while for weak signals a crystal de-
tector and binding posts for telephones are provided. For producing
damped oscillations of known wavelengths, the wavemeter is equipped
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with a high-frequency buzzer operating from a battery mounted within the
wavemeter case. The oscillating circuit consists of three coils with a
sclector switch and a variable air condenser. The inductance coils are
bank-wound in order to keep the distributed capacity at a minimum.
The condenser is the low-loss T'ype 239 Variable Air Condenser, equipped
with slow-motion gear.

Particular care has been given to the mechanical construction and
to the appearance of this instrument. All of the equipment is mounted
on a hard rubber panel and enclosed in a polished walnut carrying case
fitted with lock and key. The metal parts are finished in polished nickel.

Two wavelength ranges are provided: the T'ype 174-C Direet-Reading
Wavemeter covering amateur, broadcast and usual ship operation
ranges ; and the Type 174-D Direct-Reading Wavemeter covering broad-
cast, ship, and the special telephone ranges.

OPERATION. The dial, on which are drawn the three wavelength
scales corresponding to the three inductance coils, is mounted directly
above the variable condenser and is fastened to the rotor plate shaft. The
scales are indicated by the numbers 1, 2 and 3 engraved on the panel.
Above the galvanometer is a switch engraved RANGE, with points num-
bered 1, 2 and 3. These three points correspond respectively to the three
wavelength scales. In addition to the three wavelength scales, a scale di-
vided into one hundred equal divisions is provided. This seale is provided
for reference and is convenient in making certain measurements.

TRANSMITTING SETS, In determining the wavelength of a
transmitling set, the range switch should be set on the point covering the
wavelength seale within which the transmitted wavelength should fall. The
wavemeter should then be brought near the tuning inductance, the antenna
or ground lead of the transmitter. By turning the knurled knob marked
INCREASE WAVELIENGTH, the variable condenser will be rotated,
varying the wavelength of the wavemeter. At resonance—that is, the point
where the wavelength of the wavemeter is the same as that of the transmit-
ter—the maximum amount of energy will be transferred from the transmit-
ting set to the wavemeter. This point is indicated by a maximum deflection
of the hot-wire galvanometer. Care, however, should be taken that the
wavemeter is not too near a powerful transmitter, because an excess
amount of energy may be transferved to the wavemeter, causing the galva-
nometer to burn out. It will be found with a sharply tuned transmitter,
particularly when using vacuum tubes, that the resonance point is very
sharp. The condenser must be rotated slowly, as the galvanometer needle
will swing from zero to nearly full scale and back again over a very small
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range of wavelengths. If the condenser is rotated too rapidly, the resonance
point will be passed through without being noted. In the case of a buzzer
or transmitter of small output, sufficient cnergy may not be radiated
to operate the galvanometer. In this case, a pair of telephones should
be connected to the binding posts marked TEL. Resonance will then
be indicated by maximum intensity of signal in the telephones. This
method is less accurate than that using the galvanometer as a resonance
indicator, and should be avoided where possible.

RECEIVING SETS. Two methods of determining the wavelength
of a receiving set may be employed. The first, the reaction method, is ap-
plicable only to a vacuum-tube receiving set, and then only when the set is
oscillating. The wavemeter should be brought near the tuning inductance
of the receiving set. By tuning the condenser of the wavemeter a sharp
click will be heard in the headphones of the receiving set at the point where
the condenser passes through the resonance point. The wavelength can
then be read on the proper scale. It is usually necessary to have the wave-
meter quite close to the receiving set. Since the axis of the coils in the
wavemeter is parallel to the panel, and extends from front to rear of the
case directly beneath the galvanometer, best results are usually obtained
by placing the right-hand edge of the wavemeter parallel to the tuning
coil of the receiving set.

GENERAL. Because of the sensitive type of buzzer used, it may be
found that on turning the buzzer switeh no sound can be heard. The buz-
zer-adjusting serew should be turned to the right or left until the buzzer
starts to operate. If the buzzer will not operate, make certain that the bat-
tery is in good condition. When a wavemeter is shipped, no battery is
placed in the wavemeter, but one is shipped separately. This method is used
to prevent damage to the wavemeter in case it should remain unused for a
long time. Dry cells kept for a long time in an mverted or horizontal
position will deteriorate and leak; the wavemeter should, accordingly,
always be stored so that the cover is on top, thus keeping the battery
in an upright position,

The diagram mounted in the cover should be studied carefully in
order to understand the wavemeter cireuits. The four panel thumbscrews
should be removed and the panel lifted from the case. The inside of the
wavemeter should be examined in order to become familiar with its mechan-
ical construction, but under no circumstances should adjustments be at-
tempted, as they will affect the calibration. The buzzer battery should be
put in place before replacing the panel. It will be noted that provision has
been made on the panel for an external coil. This arrangement is to enable
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an additional coil to be used for special work. Under normal conditions
the short-cireuit bar between the two binding posts marked EXT. COIL
should not be removed. “This is true even when the telephone receivers are
connected to the telephone binding posts.  This bar is removed only when
an external coil is used. Price includes battery.

Type 174-C Direct-Reading Wavemeter. . ... ..ooooiiiiniia.a. $68.00
Range 75-1,500 meters.
Code Word: WEARY.

Type 174-D Direct-Reading Wavemeter, . ..ooovvvovnnian, .o R68.00
Range 200-4,000 meters.
Code Word: WINDY.
Dimensions, both types, 9" x 7 x 6”. Weight 93§ lbs.

TYPE 532 STATION FREQUENCY METER

Where a transmitter, such as a broadcasting station, is operating
on a fixed frequeney, or over a narrow band of frequencies, a special type
of meter may be used which possesses a high degree of accuracy over a
narrow scale.

In the Type 532 Station Frequency Meter, advantage is taken of a
somewhat unusual method of reading in order to get a close setting on
the scale. The meter may be set to approximately 20 cycles at any
point in the broadeast-frequency band. This does not imply that the ab-
solute accuracy of the meter is 20 cycles.

A certificate of accuracy is furnished guarantecing the aceuracy
of the scale division representing the station frequeney to 500 eyeles for a
temperature variation of 5° Fahrenheit from the temperature specified
on the certificate. “T'he time limit on the guarantee is six months, At the
end of this period the instrument should be returned to the factory for
recalibration for which a fee of $10.00 will be charged.

The Type 532 Station Frequency Meter consists of the usual reso-
nant eirenit type of wavemeter with some additional features, A large fixed
condenser is shunted across the variable, so that the entive senle of the
meter covers only 0.3% of the station frequency, with the station fre-
quency in the center. “There are ten scale divisions per kilocycle. In
addition to the spread scale, another feature contributes to the accuracy
of setting of the T'vpe 532 Station Frequency Meter. A small auxiliary
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condenser may be conmected across the main condenser by depressing a
push button. The capacity of this condenser is sufficient to shift the reso-
nant frequency of the meter from one side of the transmitter peak to the
other. The frequency meter is adjusted until the galvanometer

reaching 15 unchanged when the button is depressed.  This method of
locating the center or peak of the resonance curve is mueh more accurate
than attempting to set to the top of the eurve by observing maximum
galvanometer deflection,

The Type 532 Station Frequeney Meter supplements rather than dis-
places the piczo-clectric oscillator. While the frequency meter permits a
setting of the transmitter to within the Federal requirements, the stability
of the meter is not as great as that of the piezo-clectric osaillator, which
should be maintained as a standard for checking the frequency meter. The
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piezo-clectrie oscillator, on the other hand, does not indicate how far off
frequency the transmitter is, or in which direction, as the frequency
meter does.
Type 532 Station Frequency Meter.........covvvninvnnnn.. $130.00
Dimensions 814" x 815" x 1034"”. Weight 1434 1bs.
Code Word: SIREN.

00 .
EXPERIMENTER’S WAVEMETERS

Supplementing the laboratory type wavemeters, the General Radio
Company also manufactures a line of low-priced wavemeters for the trans-
mitting amateur.  Although low in price, these meters are so built as to
maintain a calibration over considerable periods, and are accurately eali-
brated when leaving the factory, with the exception of the Type 247-W
Wavemeter.

TYPE 358 WAVEMETER

The General Radio Type 3538 Wavemeter is designed particularly
for experimenter use. It covers a wavelength range of approximately 14 to
220 meters, covering the short-wave bands in common use, The wave-
meter consists of a mechanically rugged coil of low-loss construction,
mounting divectly on the binding posts of a shielded condenser. The con-
denser capacity is 125 MMF. Mounted on the condenser panel and con-
neeted in series between the condenser and coil is a resonance indicator in
the form of a small lamp.  The lamp socket is so arranged that it is short-
circuited when the lamp is removed.
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The wavelength range is covered by means of four coils. Each wave-
meter is individually calibrated with an accuracy of within 195. A calibra-
tion curve is plotted for each coil and the curve sheet mounted on a sub-
stantial metal backing. The coil ranges, providing adequate overlaps,
are as follows:

D TR ot i it ST S R R 14 to 28 Meters
- B | P Ty (UC RS (g, 26 to 56 Meters
Bl £ v snnsinsres e 54 to 114 Meters
Coll D oovvvervvenrinenncanensnns 105 to 220 Meters

The condenser, coils and chart are contained in & wooden box, which
provides proper protection for the instrument when not in use.

Type 358 Wavemeter complete .......ciieenitinenisnnsinnea $15.00
Dimensions 113" x 714" x 514", Woeight 414 lbs.
Code Word: UPPER.

TYPE 558 AMATEUR-BAND FREQUENCY METER

The increased congestion and deerease in width of the amateur
bands make necessary the use of a more accurate frequency meter than has
heretofore been available to amateurs at a low price. To meet this need
the General Radio Company has developed a band-type frequency meter
which employs a system used in broadeast station frequency meters in
order to secure great precision over a limited band.
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In the Type 558 Amateur-Band Frequency Meter a fixed air con-
denser is conneeted in parallel with the variable condenser. "T'his arrange-
ment spreads a narrow band of frequencies over the entire frequency meter
scale which greatly inereases the aceuracy of reading. Five coils are used,
covering the following amateur bands:

T S R SR 56,000 to 64,000 Kilocyeles
Coll' B vvvu worsismvasianans 28,000 to 32,000 Kiloeyeles
BT 5L 5 S, 14,000 to 16,000 Kilocyeles
COHL L) -5 e v s s e it 7,000 to 8,000 Kilocyeles
(37,11 28 R S e 3500 to 4,000 Kilocyeles

A neon tube, mounted inside the condenser case and viewed through
a hole in the panel, indicates resonance. The accuracy of calibration is
to within 0.25%. When it is considered that this is the same precision
as is guaranteed for the Type 224 Precision Wavemeter, the low price of
this instrument is particularly striking.

A wooden case with a mounting rack for the coils and for the con-
denser is supplied with each frequency meter. A calibration chart is
supplied with each instrument.

Type 558 Amateur-Band Frequeney Meter.................. £20.00
Dimensions 1134” x 714" x 514", Weight 414 Ibs.
Code Word: UNION.

TYPE 458 5-METER WAVEMETER

The recent developments in transmission at 5 meters (60,000 kiloey-
cles) have made it desirable to have an aceurate wavemeter eovering that
a
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wavelength, The Type 458 5-Meter Wavemeter is supplied unmounted,
having only brackets to support the condenser in an upright position. The
condenser is of the usual soldered plate, metal end-plate type, having a
maximum capacitance of 50 MMF. The importance of soldered plates at
this high frequeney can hardly be over-emphasized. The coil consists of a
single turn of 14" copper tubing, and is connected to the condenser by
means of the convenient General Radio plugs. The coil is silver plated.
A 4”7 dinl and indicator completes the wavemeter. It is found that
the metal end plates so completely shield the condenser that hand capa-
city is not troublesome. Like other General Radio wavemeters, each has
its individual calibration chart and is calibrated against a precision
standard.

Type 458 5-Meter Wavemeter .. ... S R A e A 1 $8.00
Dimensions 9 x 514" x 334", Weight 114 Ibs.
Code Word: UMBER.

TYPE 247.W WAVEMETER AND FILTER

The range of the Type 247-W Wavemeter and Filter is 200 to 600
meters.  Wavelengths are determined by direct readings from the eon-
denser dial, which 1s calibrated with an accuracy of within 29,

The filter coil may be connected
either in series or parallel with the re-
ceiving set.  When used in the series
connection a single interfering broad-
casting station may be eliminated. The
parallel filter is used to eliminate sev-
eral interfering stations simultancously
and accept only one station within the
filter range.

A full set of instruetions accompanies cach mstrument.

Type Deseription Dimensions  Weight Code Word  Price
247-W  Wavemeter and Filter G x 4o x 8 214 0hs. WAGON $7.00
247-W2  Extension Coil (400-1200 meters) 47 x 47 x87 6ox VOCAL 2.75
247 Wi, Extension Coil (100-300 meters) 47x 47 x37 6oz VIZOR 2,75
247-W1, Extension Coil { 50-150 meters) 47 x 47 x37 6oy VIVID 295
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OSCILLATORS

Oscillators are vequired in the communication laboratory for bridge
and other measurements at fixed frequency and for observation of charac-
teristics and behavior of apparatus over a range of frequencics. IFor
fixed frequencies and for bridge measurements, a simple form of tuning-fork
microphone hummer s satisfactory.  Variable-frequency oscillators are
generally of the vacuum-tube type. A number of such oscillators for
specific purposes and ranges are deseribed in the following section. Fixed
frequency oseillators for frequeney standards are listed in the section on

frequency standards.

TYPE 213 AUDIO OSCILLATOR

A multitude of bridge measurements require a dependable source of
alternating current of low power. The frequency must remain constant.
The supply source should also be simple in its operation, rugged and
reliable. Tt was to meet these requirements that the T'ype 213 Audio
Oscillator was designed.

The output of this oscillator is about 0.06 watt at 1000 cycles.
External binding posts are so arranged that three output voltages may
be obtained. The outputs obtainable with these three different con-

nections arve as follows:
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Point Voltage Current
Low 0.5 Volt 100 Milliamperes
Medium 1.5 Volts 40 Milliamperes
High 5.0 Volts 12 Milliamperes

For some capacitance measurements it is desirable to use a high
voltage. This increased voltage may be cbtained by connecting an in-
ductance and capacitance in series across the high-voltage output term-
inals of the oscillator, By adjusting this circuit to resonance, voltages
as high as 50 or 100 may be obtained by connecting output leads across
the condenser. This instrument will operate satisfactorily on from 4
to 8 volts. The input current is approximately 0.13 ampere. When
running, the oscillator may be heard for a distance of approximately
twenty-five feet, or may be made silent by enclosing in a sound-proof box.
When the oscillator is used in close proximity to the bridge or to other
apparatus it will be found advisable to shicld the oscillator to prevent
pick-up in other ecirecuits.
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The circuits of this oscillator are shown in the diagram. The
closing of the switch places the field-magnetizing coil directly across the
battery. Also aeross the battery is the primary of the input
transformer in series with the microphone button. The re-
sonant circuit consists of the secondary of the input transformer, the
primary of the output transformer, the armature coil and the condenser.
The output-transformer secondary has three taps to permit the obtaining
of three different output voltages.
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Each transformer core has a small air gap to prevent distortion of the
wave-form. Since the oscillator is self-starting, it may be located at a point
distant from the bridge and operated by a switch placed at the bridge. The
tuning fork maintains the frequency within the narrow limits determined
by temperature variations, Due to the loading of the fork the mean fre-
quency is about 990 eyveles rather than 1000 eycles.

By using the field-magnetizing coil on one tine of the vibrating
fork, instead of relying on its permanent magnetism, the polarity and
intensity of the magnetization of the fork with respect to the armature
are permanently maintained.

Success or failure in the operation of a hummer, or audio oscillator,
lies very largely in the microphone button. If the button heats so that
the oscillator cannot be run indefinitely, if the adjustment of the button
is not permanent, or if slight mechanical shocks change its operating
characteristics, the oscillator has little commercial value. A distortion
of as small an amount as onc five-hundredth of an inch from normal
position of the miea will destroy the perfect operation of the button. In
order that the button may be insensitive to mechanical shocks and vet
operate properly at 1000 cyeles, use is made of its high inertia effect at
the latter frequency. One side of the button is attached to the tuning
fork by means of a short, flat spring. The other side, which has a pro-
Jecting mounting post, is held in position by a specially designed self-
centering spring. This combination of springs enables the button to
withstand severe shocks, vet it has sufficient inertia so that perfect
operation is obtained. The adjustment of the button is permanent and
needs no further attention after leaving our laboratory. This type of
mounting, together with the fact that the electrical constants of the cir-
euits have been adjusted to their optimum values, insures the continuous
operation of the oscillator without heating.

It should, of course, be understood that this oscillator is not in-
tended to displace the larger types of oscillators used where several walts
of output are required. It is intended rather for general laboratory
use where power of good wave-form is desired for a single bridge. Since
the purity of wave-form is dependent on the load on the oscillator, when-
ever a pure wave-form is essential the oscillator should not be over-
loaded.  This oscillator is adapted for the usual alternating-current
measurements of inductance and capacitance.

The oscillator is mounted in a polished walnut box with bakelite panel.
The .exposed metal parts are nickel plated. The control switch is casily
accessible and is of the convenient lock-button design.
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Type 218 Audio: Oseillabor = oiiui saviiiis e v samsead o $32.00
Dimensions 6” x 434" x 5”. Woeight 414 1bs.
Code Word: AUGER.

TYPE 377 LOW-FREQUENCY OSCILLATOR

Many forms of eleetrieal and physical research problems require a
source of alternating current of good wave-form, variable over a wide
range of frequencies. The properties of the oscillating vacuum tube
make it inherently adapted for use as such a source.

By means of a licensing agreement with the Radio Corporation
of America, the General Radio Company is able to supply such an
oscillator for laboratory use.

The T'ype 377 Low-Frequency Oscillator has a frequency range of
from 65 eveles to 75,000 cyeles, extending through the audio and carrier
frequency ranges into the lower radio frequencies. The simplified cireuit
of the oscillator is shown in Fig. 1. The frequency of the oscillating
tube (left) is controlled by tuning the plate circuit.  The output of the

oscillating tube is fed through a coupling potentiometer to the amplifier
tube (right). The plate of the amplifier tube is eonnected direct to the
output terminals.  The parvallel-feed svstem of plate supply is used on
both tubes.

The front panel assembly of the oscillator is shown above. The
meters are so equipped with switching arrangements that filament
or plate voltage and oscillator or amplifier plate current may be read.
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The two switches directly under the meters are the transfer switches. A
grid-current meter is mounted above the filament and plate meters to

indicate overload.
The output of the oscillator is adjustable and may be held constant

over the frequency range by means of the potentiometer ¢oupling to the
amplifier tube. The resistance marked FEEDBACK is in the plate of the
oscillator tube, and controls oscillation. Ior most satisfactory wave-
form the feedback control should be set at the point at which the tube
just begins to oscillate.

FEEDBACK

wawww—i|

AN

oac. AMP T

i ]

Fig.l ScremaTic Circuir
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The frequency is continuously variable by means of the seven con-
trols on the lower part of the panel. There are three coils, so tapped as
to give six switch positions, and a decade capacity system extending from
0.001 MT. to 1.0 MF. An air condenser with maximum of 0.0011 MI.
makes the capacity system continuously variable.

An approximate calibration, good to within 59, giving the settings
of the controls at frequency intervals of about 109 for the entire fre-
quency range, is provided with each instrument. This calibration is
accurate only when the instrument does not take excessive grid current.
The oscillator should be adjusted so as to keep the reading of the grid-
current meter as low as possible, and in no case should it exceed one-half
milliampere.

The oseillator is intended to be used with either UX-201A, UX-112A
or UX-210 tubes. For average use the UX-112A type will be found
satisfactory.

The wave-form of the oscillator output is very nearly sinusoidal,
provided the tube is not overloaded, as indicated by the grid-current meter.
The largest single harmonic component in the voltage wave is of the
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order of 29.. Where particularly good wave-form is required, it is
advisable to use tubes of the UX-210 type. Load does not affect wave-
form unless the amplifier tube is overloaded. The load will not affect the
frequency, since it is not applied directly to the oscillating tube. Fre-
quency does mot vary more than 19 with ordinary variations in tube
conditions.

The power output of the instrument will vary with the plate voltage
and the type of tube. With a UX-210 tube, the output is about 0.2 watt
with 120 volts on the plate and about 0.5 watt with 220 volts on the plate.

The entire oscillator is mounted in a sturdy oak cabinet with sub-
stantial brass carrying handles and clasp. The panel swings outward,
giving casy access to the instruments, all of which are mounted on the
back of the panel.

Battery and output connections are carried through holes in the
cabinet and made to the back of the panel. The ¢abinet is strong

enough so that the oscillator may be hung from a wall by means of bolts
through the back of the cabinet.

Space sufficient for five blocks of plate batteries of the 314" x 234"
x 535" size is provided in the cabinet, thus providing 112.5 volts.

USES. The low-frequency oscillator will be found of great use in all
measurement work at audio, earrvier and low radio frequencies. Among its
uses are bridge measurements of all kinds, studies of the response curves
of transformers and loudspeakers, the study of filter characteristies, and
the study of cable and other diclectrie behavior. Price does not include
tubes or batteries.
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Licensed under Patent No. 1,113,149 for radio laboratory experi-
mental use only where no business features are involved.

Type 377 Low-Frequeney Oseillator. ............ PR . .$350.00

Dimensions 1914” x 18" x 1015". Weight 57 Ibs.

Code Word: OMIEGA.

TYPE 413 BEAT-FREQUENCY OSCILLATOR
In measuring loud-speakers and audio-frequency systems, it is often
desirable to move through the entire frequency range quickly., The con-
ventional tvpe of vacuum-tube oscillator, although it may be so designed
as to be continuously variable, requires the adjustment of a number
of controls in varving the frequency through the entive audio range.
Since the change in frequency involved is large, about five hundred to one,
it cannot be obtained by the rotation of a single instrument of prac-

ticable construction. If, however, the measuring frequency is obtained
by beating two oscillators together, a small percentage change in fre-
quency of one of the oscillators will cause a relatively large change in
the beat frequency.

Supplementing its oscillators of conventional type, the General Radio
Company is manufacturing a beat-frequeney oscillator with a range of
approximately 20 to 9000 cyeles. The Type 413 Beat-Frequency Os-
cillator consists of two oscillator tubes, a detector, and an amplifier tube.
The frequency of one of the oseillators is fixed at about 60 kiloeyeles,
while that of the other is variable from approximately 50 kilocyeles to
60 kilocyeles.  Both oscillators are coupled to the grid circuit of the
detector tube. 'The oscillators are so constructed and shiclded as to
maintain a constant frequency over long periods without adjustment.
The system of coupling the oscillators to the deteetor, supplying it with
a low voltage from cach oscillator, is such that tendency of the two oseil-
lators to pull into synchronism as zero beat is approached is eliminated.
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The detector output is fed to an amplifier through a Type 373 Double-
Impedance Coupler, giving ncarly constant amplification over the wide
range of frequencies used. The output of the oscillator is taken off across
a 10,000-0hm resistor, used as a voltage divider, permitting the adjustment
of the output voltage without Fhil]lgi.‘!'i. in the oscillator cireuit proper that
might affect wave-form or frequency.

Three variable capacities will be seen in the following diagram. One
of these is a small compensating condenser mounted inside the instrument,
The purpose of this condenser is to correct any slight inaccuracy in
the fixed condenser in this circuit. Slight changes in frequency of either
oscillator due to changes in circuit conditions may be compensated for
by means of this condenser, which is adjusted so as to bring the two
oscillators to zero beat. The frequency is changed by means of two
other variable condensers, the main tuning unit of 500 MMF. maximum
capacity, and a micro-condenser shunted across it for fine adjustment.

e

o

The Type 413 Beat-Frequency Oscillator is designed for use with
either WX-12 or UX-199 tubes, space being provided in the cabinet for
three 1.5-volt dry eclls and three 22.5-volt plate batteries. UX-201A tubes
may be used with an external battery if desived. A 5-volt Weston meter
on the panel and a rheostat inside the cabinet permit the adjustment of
the filament voltage to the rated value. The Type 413 Beat-Frequency
Oscillator has an output of about 1.5 volts. The wave-form is satis-
factory for most purposes, the total of the voltage harmonics being at
a maximum but 4% of the wave,

The Type 413 Beat-I'requency Oscillator is useful in the measure-
ment of all devices intended for operation in the audio-frequency range.
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It is particularly helpful in the study of loud-speaker response curves,
since the complete frequency vange is available by one-half revolution
of the main dial. Peaks or hollows in the loud-speaker response are im-
mediately evident, and any tendeney to blast at particular frequencies
is quickly revealed.

The Type 413 Beat-Frequency Oscillator may also be used to mod-
ulate the output of the Type 384 Radio-Frequency Oscillator. The
modulated radio-frequency output thus obtained may be used in testing
receiving scts for both radio and audio-frequency response. The audio
modulating frequency ean be compared quickly with that of the audio-
frequency output of the receiver by using an oscillograph such as the
Type 338 String Oscillograph.

This instrument 1s licensed under Patent No. 1,113,149 by the Radio
Corporation of America and associated companies for experimental lab-
oratory use only where no commercial features are involved. Price does
not include batteries or tubes.

Type 413 Beat-Frequency Oscillator. .. ....... .. ... .. ... ... 2210.00
Dimensions 12" x 8” x20”, Weight, 2514 Ibs.

Code Word: ORGAN.

TYPE 381 RADIO-FREQUENCY OSCILLATOR

A small radio-frequency oseillator has a wide range of usefulness
in the laboratory. For maximum utility such an instrument must have
a wide frequeney range and be readily portable. The Type 384 Radio-
Frequeney Oscillator has been designed to meet these requirements.
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This osecillator is of the plug-in coil type. The range may be ex-
tended from 15 to 30,000 meters by means of nine coils. A single UX-
199 tube is used, which permits an entirely self-contained instrument. A
plate milliammeter is provided to indicate oscillation.

The Type 384 Radio-Frequency Oscillator may be used as a power
source in high-frequency measurements of coils and condensers. Input
terminals are provided so that a beat-frequency oscillator may be used
as a modulator.

The Type 384 Radio-Frequency Oscillator is also readily adapted
for use as the auxiliary oscillator required in conjunction with the Type
275 Piezo-Electrie Oscillator when using harmonices of the plate frequency
for the calibration of frequency standards. Price does not include tubes
or batteries.

Type 384 Radio-Frequency Oscillator, without coils. ........... $90.00
Dimensions 18" x 914" x 914", Weight 13 lbs.
Code Word: ODIUM.

The following coils are available for use with the Type 384 Radio-
Frequency Oscillator:

T'ype Range Code Word Price
384-A 15-30 Meters HAZEL $3.00
384-B 30-80 Meters HEAVY 3.00
384-C 70-200 Meters HELOT 3.00
384-D 190-575 Meters HERON 3.00
384-1% 565-1,700  Meters IILLY 4.00
384-F 1.700-4,400 DMeters HINNY 4.00
384-(x 4,400-12,000 Mecters HOARY 5.00
384-H 12,000-30,000 Melers HOLLY 8.50
384-D 8 200-600 Meters HOBBY 4.50

The D8 Coil is a figure-8 coil, designed to have minimum external
ficld.
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TYPE 403 STANDARD-SIGNAL GENERATOR

A generator of known radio-frequency voltage has a number of
applications in the testing of recewvers and in the measurement of field
strength by comparison methods. The generator should be variable
in voltage over a wide range, and so thoroughly shielded that no external
ficld is set up. The Type 403 Standard-Signal Generator has a range of
1 to 200,000 microvolts, which is sufficient for measurement of the most
sensitive type of receiver now available.

The Type 403 Standard-Signal Generator consists of a radio-fre-
quency oscillator with fixed frequeney modulation by means of a self-
contained audio oscillator, and a calibrated attenuator.

In addition to the tests of receiver-gain measurements, the signal
generator may be used for field-strength measurement by ecomparison
methods, for gain measurements on radio-frequency amplifiers, or for
measurement of detector characteristics and of the combined character-
isties of detector and audio amplifier.

The Type 403 Standard-Signal Generator is designed for use with
external unshielded batteries, and external modulation where variable fre-
quency modulation is desived for fidelity tests, To this end the leads to the
battery terminals and to the external modulation terminals are equipped
with filters which confine the radio frequency entively within the instru-
ment. The leads to the meters on the panel are also filtered, climinating
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the necessity for sereening the fronts of meters. The oscillator covers a
frequency range of 500 to 1500 kilocycles. The radio-frequency output is
passed through an attenuator to the output terminals at the upper right
(see photograph). The attenuator is controlled by two knobs. The first
of these, controlling the multiplier, changes the output in decade steps
for a given radio-frequency current. The second knob, controlling the
output scale, provides a continuous variation of the output voltage,
proportional to the scale divisions at any value of radio-frequency
current for any given point of the multiplier seale. The radio-frequency
current input to the attenuator is indicated by a thermal instrument,
the direct-current galvanometer of which is mounted on the front panel
and marked RADIO CURRENT. A current ealibration is provided for
this instrument. The oscillator and attenuator are thoroughly shiclded.
The maximum error of voltage ratio in the attenuator is 4.
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The signal generator is provided with an internal audio escillator
which modulates the radio-frequency signal at 400 eyeles. The modulating
voltage is impressed across a transformer winding in series with the total
plate battery and the plate cireuit of the vadio-frequency oscillator. The
root-mean-square value of this voltage is indicated by a thermal voltmeter,
the direct-current galvanometer of which, calibrated in root-mean-square
volts, is mounted in the front pancl. This voltmeter indicates the audio-
frequency voltage impressed on the oscillator with either internal or
external modulation, which may be varied by means of the knob marked
MODULATION.

The Type 403 Standard-Signal Generator 1s applied to the measure-
ment of over-all characteristies of radio receivers in accordance with the
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conventional assumption that the effects of a wave field upon an exposed
antenna or loop of known constants may be simulated in all respects by
the introduction into the receiver of a known locally-generated radio
voltage, through a local (“dummy”) antenna or coil aerial having the same
constants at the operating frequency. This signal generator is par-
ticularly adapted for use with antenna-operated receivers, in which
the factor for conversion of the loeal signal in microvolts to an equivalent
field strength is simply a length or “effective height.” However, by use
of a suitable coil-conversion factor, the generator may be used to measure
scts operated with a coil aerial. For the conventional measurements of
sensitivity, sclectivity and fidelity, two picces of cquipment are
vequired in addition to the signal generator: (1) local aerial eiveuit:
(2) receiver-output meter, comprising a resistance load of a magnitude ap-
propriate to the output tube of the receiver under test, together with a
thermal meter for measuring the audio current in the load, or a vacuum-
tube voltmeter for measuring the voltage across the load. Both of these
instruments can be easily assembled from standard laboratory equipment.
It is recommended that the results of receiver measurements all be ex-
pressed in terms of mierovolts input to the local antenna circuii to yield
“Normal Signal™ output from the receiver at different audio and radio
frequencies, on and oft resonance. The conventional value for “Normal
Signal™ is 50 milliwatts in a load of from 2000 to 6000 ohms. The re-
vised “Report of Subcommittee on Receiving Sets™ of the Institute of
Radio Engincers, a copy of which may be obtained from the Secretary
of the Institute, contains details of a suitable technique for making these
measurements by means of a signal generator.

The entirve instrument is thoroughly shielded, and external leads are
fitted with filters. The shielding is sufficiently complete so that the Type
403 Standard-Signal Generator may be used for tests of unshielded re-
ceivers.

A complete set of operating instructions accompanies the generator,

Licensed under Patent No. 1,113,149 for laboratory use only where
no business features are involved.

Type 403 Standard-Signal Generator................c..... £600.00
Dimensions 1814” x 1214” x 8”. Weight 40 1bs.
Code Word: SCALY.
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METERS

A specialized type of meter is required for use in the communications
laboratory. Such meters must operate without great error over wide
frequency ranges, Certain requirements demand a voltmeter with an
infinite input resistance.

TYPE 426-A THERMIONIC VOLTMETER

The vacuum tube lends itself particularly well for use as a voltmeter
where no current may be taken by the mstrument. This is because the
grid-filament impedance of a tube 1s practically infinite until very high
frequencies are reached, as long as the grid is maintained negative. A
number of voltmeters have been developed making use of the vacuum tube,
but few are commercially available.

The Type 426-A Thermionic Voltmeter posscsses several features not
usual in such instruments. All external cirenits have been eliminated.
The single battery required is contained in a compartment with the instru-
ment case. The only zero adjustment required is made with a rheostat
mounted in the case. This single rheostat adjustment controls the filament
current, grid bias and plate voltage simultancously, and is made by setting
the meter pointer to zero. The mstrument is then direct reading. The
voltmeter terminals must be closed through a direct-current path, such as
a measuring coil or a grid leak, when this sctting is made,

In the Type 426-A Thermionic Voltmeter, the plate-filament resist-
ance of a three-clement tube is used as one arm of the bridge circuit shown
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below. The value of this resistance i1s greatly changed as a result of
changes in the grid potential caused by the measured voltage, which is im-
pressed between grid and filament. The current flow through the micro-
ammeter, which results from the unbalance of the bridge, is a measure of
the voltage impressed. A single battery supplies all voltage requirements

Y
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of the vacuum tube, suitable resistors dividing the total voltage drop be-
tween grid, filament and plate. It will be observed that the plate voltage
is impressed across the bridge and corresponds to the exciting voltage of
the usual Wheatstone bridge. All the resistances except the rheostat arve
permanently adjusted at the time the meter is calibrated. The resistances
are so related that the tube is worked near the lower bend of the grid-
voltage-plate-current characteristie.

When an alternating voltage is impressed across the terminals of the
meter, the negative loops are suppressed, the meter giving an indication
proportional to a value between the average and effective values of the
wave. The calibration is made against root-mean-square values of a
sinusoidal wave,

The Type 426-A Thermionie Voltmeter uses a tube of low filament
consumption and requires only 22.5 volts. Space is provided in the instru-
ment ease to accommodate two 22.5-volt batteries cormected in parallel,
Provision is also made for connecting an external battery.

Under usual conditions the calibration will be maintained to within
0.5% up to about 1000 hours, at which time the instrument should be ve-
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turned to the factory for a new tube and reealibration. The wave-form
error is slight, A 209 third harmonic in the wave produces an error of
but 0.4% in the meter reading. The meter is extremely resistant to over-
voltage. 50 volts may be momentarily impressed on the 3-volt meter
without damage.

The voltage calibration is reliable over the entire audio-frequency
range. The frequency error is less than 29 of full seale at 20 kilocycles
and less than 3% at 300 kiloeycles. The calibration is not reliable at
broadcast and higher radio frequencies although the meter is useful
at such frequencies as a resonance indicator or for voltage comparisons.

The meter 1s contained in a walnut case with battery compartment.
The tube is soldered in place, and attempts to remove it will break these
connections. The price includes tube but not the battery.

Type 426-A Thermionic Voltmeter, Range 0-3 volts. ........... $160.00
Dimensions 9” x 714" x 1014”. Weight 11 Ibs.
Code Word: SERUM.

TYPE 189 POINTER GALVANOMETER

Most laboratories require a rugged, sensitive, portable instrument
for the measurement of currents of the order of 10 to 1000 microamperes.
The Type 189 Pointer Galvanometer is adapted for just such service.

This instrument is of the D’Arsonval type, using the strained suspen-
sion, which permits of greater sensitivity than the pivot type and
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requires no leveling. The coil is wound on a damping form and adjusted
to bring the coil under critical damping. The construction is such as to
allow a safe clearafice between the coil and the shoes of the magnet poles,
thus preventing interference from chance lint or dust particles.

The suspension is of phosphor bronze rolled into a thin strip. The
spring support for the suspension is such as to take up all ordinary
shocks without danger of straining or snapping the suspension. This
type of construction, together with the natural properties of the phos-
phor bronze strip, insure a reasonably stable zero. The galvanometer
pointer is fitted with a zero adjustment, and a clamp,

Its combination of portability and sensitivity make this instrument
available for a wide variety of uses, ranging from indicating a bridge
balance to the measurement of radio signal strength when used with a
suitable rectifier. The clearly drawn three-inch scale makes the reading
of the instrument very easy.

The case 1s of polished walnut and the metal parts are nickel plated.
A convenient leather earrying strap is provided.

Approximate

Approximate Microamperes
Type Zero IResistance full scale Code Word
189-1% Left 10 Ohms 150 GABLE
189-F Centre 10 Ohms 75 GAILY
189-11 Left 100 Ohms 50 GALOP
189-J Centre 100 Ohms 25 GAMIN
189-1, Left 2000 Ohms 10 GAZEL
Type 189 Pomnter Galvanometer ......ccciviviiieiivaiaani $36.00

Size 5" x 5”7 x 314”. Weight 214 lbs.

TYPE 127 AND TYPE 170 HOT-WIRE METERS

An instrument for the measurement of currents at high frequencies
must have its inductance and capacitance kept as small as possible.
High impedance would cause the readings to vary with frequency. For
many radio-frequency measurements a suitably designed hot-wire am-
meter has the necessary characteristics which particularly adapt it to
this work. It should, however, be recognized that a hot-wire ammeter
1s inherently less accurate than an ammeter of the moving-coil type,
which, of course, is unsuitable for measuring current at high frequencies.
In the Types 127 and 170 Hot-Wire Meters careful design and good work-
manship have produced instruments which are electrically and mechanie-
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ally good, rugged and reliable. These meters, partienlarly the galvanome-
ter type, which has a 270-milliampere range (uncalibrated), are used very
extensively in wavemeters and similar oscillatory circuits for determining
the resonance point. The Type 127 Hot-Wire Melers arc used extensively
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Type 170 Hot-Wire Meter

for measuring the radiation, filament and plate currents in experimental
continuous-wave transmitting stations. The Type 170 Hot-Wire Meters
have found a wide use oulside of the radio field. They are used as trans-
fer instruments in generator testing and similar work.

The expanding strip in these meters is of thin platinum, in order to
prevent oxidation. Tt is so proportioned that it works at a low temper-
ature and is of low resistance. These arve two highly desirable features,
since the former permits reasonable overloading without burning out,
and the latter minimizes the losses.

The type of multiplying action is such that a more uniform scale
is obtained than with many hot-wire meters. These meters have been
corrected for temperature so that there is very little shift of zero. Any
necessary correction may be made by adjusting a knurled serew. This
tvpe of instrument is equally accurate on direct or alternating current
of any frequency.

These instruments are made in two general sizes. The Type 127
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Hot-Wire Meter is the smaller, or three-inch size, and is made in three
types, portable, front-of-board mounting and flush mounting. The Type
170 ITot-Wire Meter is the large size and is made only in the portable

type.
ing strap.

The Type 170 Meters are made in the sizes listed below,

100
250
500
1

2

3

5
10
20

Range
Milliamperes
Millianmperes
Milliamperes
Ampere
Amperes
Amperes
Amperes
Amperes
Amperes

Galvanometer

Dimensions 434" x 5”7 x 3147,

Resistance
31.0 Ohms
6.8 Ohms
3.4 Olms
1.2 Ohlms
0.55 Ohms
0.3 Ohms
0.16 Ohms
0.08 Ohms
0.04 Ohms
4 Ohms

Code Word
SXULT

EVOKE
EXACT
EXCEL
EXERT
EXILE
EXIST
EXPEL
EXTRA
ETHER

Price
$20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00

Weight 16 oz.

It is mounted in a polished walnut case and fitted with a earry-

TYPE 127-A

TYPE 127-B

TYPE 127-C

"The case of the Type 127-A Meter is die-cast with black japan finish.
The cases of the Types 127-B and 127-C Meters are of moulded bakelite,

Range

100 Miﬂinminrrru
250 Milliampercs
500 Milliamperes

1 Ampere
1.5 Amperes
25 Amperes

5 Amperes
10 Amperes

Galvanometer

Type 127-A
Flush Mounting Front-of-Board

Type 127-B

Code Word Code Word
MEDAL MAYOR
MERCY MADAM
MERIT MAJOR
MERRY MANOR
MINITS MISTY
MINOR MAPLFE
MINIM MATIN
MINNY MAXIM
MITER MAGIC

Either Type

Price

86.00
.00
6.00
6.00
G040
6.00
.00
6.00
8.95

Type 127-C
Portable
Code Waord

MUGGY
MOCHA
MOGUL
MOLAR

MOTOIT
MUMMY
MUSTY
MOTTO

Types 127-A and 127-B Dimensions 3 x 3~ x 13 &, Weight 914 oz

Type 127.C Dimensions 3 x §3» x 1147,
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Weight 8
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Price

£6.50
.50
.50
6.50
6.50
650
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TYPE 287 DIRECT-READING OHMMETER

There are many occasions in laboratories, service stations, and fac-
tories where an approximate measurement of resistance is required. The
Type 287 Direet-Reading Ohmmeter is designed for the quick determina-
tion of resistance where an approximate value is sufficient.

The Type 287 Direct-Reading Ohmmeter consists of a battery and
meter in series with a resistance, which protects the meter from damage
at short circuit, and a rheostat shunted across the meter to provide a
zero adjustment. The dial is calibrated directly in ohms. Clip leads are
provided for convenience in connecting the instrument to the device to
be measured.

One of the greatest uses of this ochmmeter is for the checking of ap-
paratus and tracing of circuits. Its indication of the actual resistance of
the circuit makes the ohmmeter useful when the battery and telephone
method of tracing cireuits is of little use. This feature makes it possible
to deteet not only open and short cireuits, but also wrong connections.

Before using the ohmmeter, the zero should be checked by connect-
ing the terminals together. The knob should then be adjusted until the
meter needle registers zero resistance (short circuit). The short-circuiting
connection is then removed and the meter is ready for use. If the meter is
to be shipped or stored for a considerable length of time the battery
should be removed to prevent possible spilling with resultant injury to the
cabinet. Price includes battery.,

Type 287-A Direct-Reading Ohmmeter. Range 0 to 10,000 ohms. . $30.00
Code Word: ONION,
Type 287-B Direct-Reading Ohmmeter. Range 0 to 2000 ohms. . . .$30.00
Code Word: ORBI'T,
Dimensions 634" x 534" x 415"  Weight 214 Ibs,
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TYPE 330 FILTER SECTIONS

Electrical filters are used extensively in studying the characteristics
of communication equipment and in the transmission of clectrical impulses
of multiple frequency, such as speech or music. Such filters consist of
capacitance and inductance networks so designed that they allow eertain
frequencies to pass through them readily while at the same time other
frequencies are highly attenuated. By the use of filters, for instance,
a composite sound may be divided into several parts or a fault in tele-
phone apparatus may be remedied by attenuating or placing emphasis on
certain ranges of the frequency spectrum.

Filters may be divided into four general classes as follows:

(1) Low-pass filters, which cut off all frequencies above a definite
predetermined value.

(2) High-pass filters, which eut off all frequencies below a pre-
determined value.

{:5:} Band-climination filters, which cut out all frequencics between
two predetermined values.

(4) Band-pass filters, which cut out all frequencies below the lower
and above the upper of two predetermined values.

These four classes of filters can be formed in a variety of networks,
some simple and others more complicated in their structure. For a
theoretical discussion of such filter networks the reader is referred to two
texts, namely, *I'ransmission Circuits for Telephone Communication™ by
K. 8. Johnson, and “Electric Oscillations and Electric Waves™ by G.
W. Pierce.
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An eleetrical filter may consist of a single network or section, or it
may be rendered more effective by containing several recurrent sections
Joined n series.

As an aid to the experimenter who desires to study the characteristics
of such filters or to use them in communication circuits, the General Radio
Company has developed a series of simple high-pass and low-pass filter
sections mounted in individual eases. The high-pass filters take the form
known as a T-type section, while the low-pass fllers are constructed in
the form of a = section.

In order to determine the clectrical constants of the elements of such
a filter it is necessary to know two things: first, the desired cut-off fre-
quency I3 and second, what is known as the iterative impedance 7 of the
circuit in whigh the filter is to be placed. The values of capacitance and
inductance for the high-pass filter section may then be computed from the
equations:

Co— 0.07958 o

-1 V7 arads
0.079587

La=— - ¥ — Henrys

where If is the frequency in eyeles per second, and Z the iterative imped-
ance in ohms.
For the low-pass filter we have, in a similar manner:

G IO o 5
2 7 Farads
0.3183%

In= — I Henrys

Below is given a list of high-pass and low-pass sections having impe-
dances standardized at 600 or 6000 ohms and eut-off frequencies specified
as 500, 1000, or 2000 cyeles. These individual sections are built into
shiclding metallic cans and each comprises a suitably designed laminated
iron-core inductance unit together with two calibrated wax paper con-
densers.  Any number of similar or different sections may, of course, be
Joined in series to produce s multi-section filter.

The types listed vepresent arbitrarily chosen values of impedance
and cut-off frequency which find rather extensive use in practice. The
General Radio Company specializes in equipment of this sort, and similar
sections having any desived clectrical constants may be obtained on special
order.
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Iterative Cut-off
Type Number Form Tmpedance Frequency Code Worl
330-A Low-T"ass GO0 Ohins SO0 Cyeles FILTERGOAT
TS High-T*ass GO0 Olins 00 Cyeles FILTERGIRL
330-C Low-Tass GOOO Ohims 500 Cyeles FILTERSIHOE
330-D High-Pass G000 Ohims a0 Cyeles FILTERSEAT
330-F Low-Pass GO0 Clhins 1000 Cyeles FILTERTOAD
Fa0-17 High-I'ass GO0 Ohims 1000 Cyeles FILTERMUSH
F30-G Low-Pass GOOD Oluns 1000 Cyveles FILTERSIGN
330-11 High-Pass GOC0 luns 1000 Cyeles FILTERPIPE
- Low-Pass GO0 Clans 2000 Cyeles FILTERHEAD
A0-K High-I*ass GO0 Ohims 2000 Cyeles FILTERFOOT
B30-1, Low-Pass GOOO Ohing 2000 Cyeles FILTERBELL
A30-0 High-I*ass G000 Olims 2000 Cyeles FILTERWALK
RHDE BBO FRIEER o rveimisvmins wrem i wimsses saim s R R oo S $12.00

TYPE 355 AMPLIFIER TEST SET

The widespread interest in audio-amplifier characteristies makes
the development of a standard and reliable method of taking them
highly desirable. The test method should reproduce as nearly as possible
the working conditions of the amplifier. Tt should neither omit any factor
tending to affect the characteristic, nor introduce any effects not present
in the amplifier.

The coupling device of the audio amplifier is always used in the
plate circuit of a vacuum tube whose impedance affects the action of the
amplifier very greatly. It is, therefore, necessary that the test instrument
erther be so arranged that the coupling device is connected in the plate
cirenit of a vacuum tube, or that the effect of the plate impedance be
reproduced in some manner. It is also important that no current be
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allowed to flow in the transformer secondary, since even a very slight sec-
ondary currvent will entively alter the characteristic.

In the Type 355 Amplifier Test Sct all the necessary clements of a
reliable test set are assembled in a compact unit. All changes in connec-
tions are made with quick throw switches. The cabinet also contains the
vacuum-tube voltmeter and its plate and grid batteries. The whole unit
is assembled in a walnut case with bakelite panel.

The circuit used in the Type 355 Amplifier Test Set was chosen after
an examination of the test methods used in a number of leading labora-
tories. A resistance Re is wused to simulate the impedance in
series with the transformer primary. This resistance is variable in 5000-
ohm steps and covers the usual range of tube impedances. A vacuum-tube
voltmeter is used as a measuring device. The constants of the voltmeter
are so adjusted that the grid of the voltmeter tube cannot take current
while the galvanometer is on scale.

O+

Fig. 1

The input voltage to the transformer under test is taken off across
a portion of the high resistance across which the oscillator output is
impressed. The remainder of this resistance is used for checking the
secondary voltage of the transformer. "The voltmeter is used only as a
transfer instrument.

In order that the effect of winding capacitances may be reproduced
correctly, it is desivable that the B plus and I" minus terminals be connected
together. so that both will be at ground AC. potential, as under working
conditions.

As the vacuum-tube voltmeter is also used to check input voltage, a
transfer switch is provided.

The method of test is as follows: The input voltage is adjusted to
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the desired value by adjusting the oscillator output. The voltmeter
is -transferred to the transformer secondary, and the deflection of the
galvanometer observed. If the transformer-secondary voltage is high
enough to send the galvanomeler off scale, an additional adjustable
bias is switched in and the meter needle brought on seale. The voltmeter
is again switched to the oscillator output, and the potentiometer adjusted
until the reading is repeated. The voltage amplification of the trans-
former is then indicated on the scale attached to the potentiometer.

When impedances, or other coupling devices whose ratios are less than
unity, arc being checked, a multiplier resistance is connected in cireuit.

Amplification factors as high as 1:10 are measurable with this
inslrument.

OPERATING INSTRUCTIONS. When the test set is received,
the panel should be lifted out by removing the eight thumb nuts and lift-
ing straight up. A UX-199 tube should be placed in the socket and the
two 22.5-volt dry batteries connected. The dry cells should be Eveready
No. 763 or like size. The red wires are connected to the plus battery
terminals. The batteries are not connected together. The batteries are
held in place by spring clips.

In making amplification measurements with this test set, the following
procedure should be followed:

The transformer to be measured is connected to the proper terminals,
and connections made to the battery supplving the vacuum-tube volt-
meter. The oscillator is connected and placed in operation.

Re is set at a value corresponding to the plate impedance of the tube
which would normally be used with the transformer.

In adjusting the input voltage the position of the switches should
be as follows: MULT SCALE—X1; BIAS—OUT; FIL—ON; AMP—
AMP. and INPUT VOLTAGE.

The galvanometer is set to zero deflection by adjusting FIL RHEO-
STAT while the oscillator is disconnected or inoperative, and the input
voltage adjusted as follows: The AMPLIFICATION dial is set to the
reciprocal of the desired voltage (0.5 for 2 volts, 1 for 1 volt, 2 for .5
volts, 10 for 0.1 volts, ete.). The oscillator output is adjusted until the
voltmeter registers 1 volt. The voltmeter is uncalibrated, but the 1-volt
point is marked.

The voltmeter is switched to the transformer by throwing back the
fourth switch from the left. If the meter reads off scale, the bias should
be thrown in and adjusted to bring the meter on seale. Observe the
meter reading and throw the meter transfer switch forward. Adjust the
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AMPLIFICATION dial until the meter reading is the same as with the
transformer. The figure appearing under the indicator on the AMPLIFI-
CATION scale is the amplification of the transformer.

The process outlined above is repeated for each point on the curve.
The input voltage should be checked at each point.

When measuring impedances or other units of which the amplifica-
tion is less than unity, the X.1 secale multiplier is used. The pro-
cedure in measurement is the same as with transformers, except that the
reading of the AMPLIFICATION scale in measuring amplification is
multiplied by 0.1.

In sctting the input voltage the AMPLIFICATION dial should read
as follows: For 1 volt read 10, for 2 volts 35, for 5 volts 2, ete.

Impedance coupling units are connected as shown in Ifig. 2.

B+ P F- G
Fig. 2

O O

If it is desired to measure the effect of direct-current saturation
in the transformer primary, a battery and meter may be connected
externally, in series with the transformer. If this is done, the battery
should be disconnected when checking the input voltage.
Type 355 Amplifier Test Set....c.cviinivivainnnas, e $180.00

Dimensions 914" x 334" x 16”. Weight 1614 Ibs.
Code Word: ABOVLE.

TYPE 338 STRING OSCILLOGRAPH

In many lines of work and experimentation with alternating currents
the need is frequently felt for a simple, sensitive, portable, and inexpensive
oscillograph, with which one may view with case either sustained wave
forms or transient currents and voltages existing at any point in an elec-
trical ecireuit or network. Mo meet this requirement the General Radio
Company has designed a compact and moderately priced instrument (the
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Type 338 String Oscillograph) which may be used for the following
two distinet purposes:

1.  As a string oscillograph, which operates with much less power
than is usually required by such instruments, but which affords a satis-
factory means for the visual examination of wave-forms over a wide range
of frequencies. The wave of either current or voltage is traced by the
shadow image of a very fine vibrating wire rather than by a spot of light
reflected from a mirror attached to a moving system. The vibrating
element ean, accordingly. be made much lighter, resulting in an increased

sensitivity of the instrument. The uses for such an instrument are mani-
fold, as, for example, the observation of large or small alternating cur-
rents in the laboratory, power house, or class room; the visual examination
of telephonic currents in simple or complicated circuits; and, when com-
bined with some form of microphone or magnetophone, the study of
mechanical vibration occurring in moving machinery or in bridges or other
structures subject to imtermittent stresses. For many such lines of
work the portable nature of the equipment is of especial value. If the
oscillograph is connected in series with the loud-speaker of a radio re-
ceiving set, an instructive and entertaining result will be obtained.

2. As a reliable vibration galvanometer, the string of which may be
tuned to give a good degree of sensitivity at any desirved frequency over a
considerable range. In this respect the instrument is especially useful as
a null-point detector in AC. bridge measurements when using low fre-
quencies at which the telephone recciver becomes insensitive and otherwise
unsatisfactory. Since the galvanometer has no coil in the magnetic field, its
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reactance is practically nil when the string is not vibrating, a feature
which is desirable for certain applications.

An idea of the sensitivity of the instrument may be obtained from the
following data. Using a string of 0.0004-inch tungsten wire, undamped,
and tuned to the fundamental of the applied AC. frequency, the follow-
ing potentials are required to produce a wave-form having an amplitude of
one millimeter on the screen:

At 80 Cycles.isavvivi 0.2 Millivolt
AL 880 Eyclek...coniavaena 1.0 Millivolt
At 500 Cycles.......0000- 2.4 Millivolts
At 1000 Cyeles. ..o 8.5 Millivolts

The DC. sensitivity of the same string when tuned to various fre-
quencies is seen from the following data, which gives the DC. potentials
required to give a deflection of one millimeter on the sereen:

At 00 Cyeles. ..o 0.0047 Volt
At 250 Cyeles...c..conues 0.065 Volt
At 500 Cydes. ...aviiniiia 0.30 Volt
AL 00O Crolos. o xonie saomns 1.31  Volts

The resistance of the instrument strung with the 0.0004-inch tung-
sten wire is of the order of 45 ohms.

The complete equipment of the string oscillograph comprises the
following items:

1. A galvanometer, I'ype 338-20,

2. A rotating mirror box, Type 338-21.

3.  An oscillograph base cabinet, Type 338-22.

4. A carrying-case, T'yvpe 338-12, for storing or transporting the
instrument readily.

5. A convenient piece of auxiliary apparatus consists of an adjust-
able rheostat, Tvpe 340, having a total resistance of 100,000 ohms.
This rheostat, placed in series with the oscillograph, enables the oscillo-
graph to be used with voltages up to 500. This rheostat, which will be
found deseribed on Page 29, and the price of which is $20.00, is not
included in the price of either the complete oscillograph or galvanometer.

6. Another useful piece of auxiliary equipment consists of a step-
down transformer, Type 285-N, to adapt the oscillograph so as to obtain
efficient operation in high-impedance circuits. This transformer, deseribed
on Page 125, is also not included in the complete oscillograph or galvan-
ometer prices. Its price is $8.00.

The appearance of the instrument may be seen from the photo-
graph. A walnut base cabinet serves to support and to align the
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several elements. In the left portion of this is a drawer for holding
spure string mounting and other equipment.

The galvanometer is mounted upon the right-hand end of the cabinet.
It is sensitized by two permanent magnets, thus eliminating the need of a
source of direct current for producing the necessary magnetic field. "T'wo
specially shaped pole picces afford a long, narrow, vertical gap in which
the string vibrates, and at the same time serve to support the optical
system, which consists of a large and a small condenser lens, together with
a microscope objective. The large lens and the standard automobile head-
light bulb used are located in the lamp chamber seen on the extreme right,
while the two small lenses are loeated within a tube passing through the
pole picces. All three lenses are adjustable along the optical axis, while
the lamp is adjustable in three dimensions. This makes it easy to focus
the system to give a uniform field of illumination. A thumbscrew, located
on the left end of the lamp chamber, slides the optical system as a whole
with reference to the string and thereby focuses the shadow image of the
same upon the observing screen.

The string is mounted upon a metal rocker arm, which, in turn, is
attached to the rear of a vertical bakelite strip as shown in the photo-
graph. Two adjustment screws will be seen protruding through the front
of this strip. One of these varies the tension on the string, while the other
serves to move the string across the light beam in order to center the
image on the sereen. Provision is made for damping the vibration of the
string, if desired, by means of a drop of oil. The whole string
assembly is readily removed, electrical contact being made through two
springs on the galvanometer base. T'wo string mountings are provided
with the equipment, each strung with a fine tungsten wire of about 0.0004-
inch diameter.  These strings, which ave 3 inches in length, may be
overloaded considerably without damage. As they earry no mirror, their
replacement is a comparatively simple operation.

On the left of the galvanometer base is mounted an enclosed potenti-
ometer for adjusting the potential applied to the string, thercby con-
trolling the amplitude of vibration.

On the left of the cabinet is mounted the mirror box, which is like-
wise made of walnut. It contains a rotating octagonal metallic mirror
which affords the necessary time clement of linear motion perpendicular
to the vibration. The mirror is mounted on the shaft of a small induction
motor nnd is provided with jewelled bearings. This motor is of simple
construction, consisting of a circular dise, the periphery of which passes
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through a gap in a rectangular, laminated corve. The core is encrgized
by a high-impedance coil carrying a 60-cycle current, and around one-
half of the cross section of each pole is a copper ring acting as a
“shading coil.” The unsymmetrical distortion of the resulting ficld
affords the driving torque. This motor is not inherently synchronous, as
its speed may be controlled over a wide range merely by varying the voltage
impressed on the energizing coil. This is done by means of a potentiom-
cter, the knob of which is seen in the center of the cabinet. A very con-
stant speed of any desired value may be maintained in this manner,
making it easy to synchronize the motor to any frequency impressed on
the string, producing thereby a stationary wave pattern. For observing
transient phenomena of some duration, it is desirable to have the mirror
run quite slowly, whereas the maximum speed of the motor is necessary to
separate the individual wave-forms at the higher frequencies. The 60-
eycle wavelength at maximum speed is from 215 to 3 inches, giving a
wavclength of about 1/16 inch at 3000 cycles.

A screen bent on the arc of a circle is seen by looking down into the
mirror box, which is provided with an adjustable metallic cover that serves
as a hood for shielding the screen when desired. The observer may stand at
some distance from the sereen and still watch the wave-form while mani-
pulating other apparatus, This is a convenient feature. A eylindrical
lens is mounted in the mirror box for concentrating the light beam
into a narrow line. This sharpens and intensifies the image considerably.
The front vertical wall of the mirror box is easily removable for inspection
and adjustment of the enclosed parts.

"Terminal posts, together with a cord and plug, are provided for
attaching the equipment to a source of 60-cycle, 110-volt current which
may be turned on or off conveniently by a small toggle switch mounted
on the center portion of the cabinet. This is the only source of power
required, since the lamp is lighted through a step-down transformer mount-
ed in the cabinet. The whole instrument takes about 40 watts,

The eabinet contains a 3 MI. paper condenser which is frequently
useful for eliminating a DC. component from the string.

Type 338-L Oscillograph, with Carrying Case................
Dimensions 30” x 117 x 17", Weight 61 Ibs.
Code Word: OFFER.

When the instrument is desived for use only as a vibration galva-
nometer, it may be procured without the mirror box, but with a tube hav-
ing a small translucent sereen for observing the image of the vibrating
strirg. In front of this is a small evlindrieal lens for concenlrating the
light beam and intensifving the image. A metallic support is provided
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for the outer end of this tube.
Type 338-G Vibration Galvanometer, with Carrying Case. ..... £160.00
Dimensions, 30" x 11" x 17". Weight, 53 lbs.
Code Word: OFTEN.

TYPE 338-D DOUBLE STRING HOLDER

The Type 338-D Double String IHolder provides two strings, permit-
ting the comparison of two wave-forms. This holder may be substituted
for the standard holder, the terminals of one string making contact with

the springs on the galvanometer base. The terminals of the other string
are brought out Lo binding posls.

Type 338-D Double String Holder. ......covcvvivveinrenennns £35.00
Code Word: OLIVE.

TYPE 411-A SYNCHRONOUS MOTOR

In checking a source of constant-frequency current, great accuracy
may be attained by using the source to drive a synchronous motor, and
counting the motor revolutions over a long period. Synchronous motors
may be built which will operate properly at audio frequencies. Higher
frequencies may be checked by stepping down the frequency by
means of a series of oscillators, with harmonics of the lower frequency
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oscillators adjusted to synchronism with the fundamentals of those of
higher frequencies.

The Lype 411-A Synchronous Motor is designed for use in calibrating
frequency standards by this method. The motor drives a clock movement
and when supplied with two-tenths of a volt-ampere at 1000 cycles will
keep correct time. The motor will run from any source of 500 to 1800
cycles providing two-tenths of a volt-ampere,

The motor is not self-starting, but must be brought up to correct
speed gradually. This is easily done by spinning the knurled portion
of the shaft with the finger. The motor will not synchronize if it is run
too fast and then is permitted to slow down by its own friction, as the
pole pieces do not have a sufficiently strong magnetic effect to overcome
the drag thus produced. A neon tube, operated through a transformer
from the source, is placed benecath the periphery of the rotor. Looking
through the rotor teeth at the neon tube, the teeth will appear to be
stationary when the motor is in synchronism. The two grooves in the
rotor should be about half filled with mercury to prevent hunting, which
is otherwise likely to occur with this type of motor.

The poles are not magnetized and it is, therefore, necessary to have
about 10 or 15 milliamperes direct current also flowing through
the winding. A satisfactory arrangement is to modulate a UX-171 tube
from the source it is desired to measure, then to connect the tube output
directly to the motor, without the use of a speaker filter or transformer.
The normal plate current of about 12 milliamperes will then magnetize the
poles satisfactorily.

In case the motor should get out of adjustment, the location of the
four pole pieces should be checked to see that they are opposite their
respective rotor projections. The upper and lower bearings in which the
steel pivots run are of sapphire, and should be given a drop of clock
oil about once in six months. The worm gears and other bearings should
also be oiled at the same time. The rotor should run quite freely but
without appreciable play in the bearings. This adjustment may be
changed readily by loosening the locknut at the top and turning the
serew in or out.  Itach jewel is mounted on a small plunger backed by a
spring to prevent damage.

Type 411-A Synchronovs Motor i vviismmnus e e viniias $130.00

Dimensions 8” x 7 x 5”. Weight 7 lbs.
Code Word: SEPOY.
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TYPE 321 ARTIFICIAL-CABLE BOXES

When studying the transmission characteristics of various types of
cables it is not always convenient to have an actual cable upon which
to experiment. This difficulty may be overcome by employing artificial
cable built up of series resistance elements and shunt capacitance clements
forming a symmetrical “H-type™ section as indieated in the figure.

The loop resistance 4 R and the shunt capacitance C of the section
are made the same ratio as the loop resistance and shunt capacitance of
any given length, say a mile, of the tvpe of cable in question,

R R

IN D ouT

Lo

Such a single section may, of course, be made to represent any
desired length of cable. An artificial cable will, however, reproduce a real
cable in its clectrical behavior more perfectly as it is subdivided into
a greater number of uniform sections. This fact will be obvious if we
consider that the actual cable is composed, electrically, of an infinite
number of sections, each having its minute loop resistance and shunt
capacitance. That is to say, the electrical constants are distributed
uniformly along its length. In practice, however, a limit to this sub-
division, as indicated below, is reached at which the artificial cable re-
presents, with a sufficient approximation, the genuine cable.

The amount of inductance present in a cable is so small in compari-
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son with the capacitance that its effect at voice frequencies becomes entirely
negligible in ordinary methods of testing.

The General Radio Company has developed a series of artificial
cable boxes, designated as T'ype 521 Artificial-Cable Boxces, each contain-
ing the electrical equivalent of thirty-two miles of standard paper cable
of a gauge frequently used in practice.

This cable is divided into seven units of 16-8-4-2-1-14-14 mile lengths
respectively. By means of seven telephone-key switches any combination
of these units may be thrown in or out of the circuit at will. Thus, any
desired length of cable up to thirty-two miles may be obtained, in half-
mile steps.

In order to represent more nccurately an actual eable, the 16, 8
and 4-mile units are bmlt up of the proper number of 2-mile sections;
the 2-mile unit is built up of two 1-mile sections and the 1-mile unit of
two 14-mile sections. The resistance elements of the cable are wound
non-inductively and calibrated to within 0.259, while the capacitance ele-
ments, which are high-grade rolled wax paper condensers, have a precision
of within 19. The cable will withstand DC. or peak potentials up
to 300 volts.

The terminals of the cable are brought out to mput and output
binding posts, and the whole assembly is mounted on an aluminum panel
and enclosed in a shielded walnut cabinet.

Three different cable boxes have been designed representing side-cir-
cuit types of 16, 19 and 22 gauge non-loaded paper eable. The elee-
trical constants at 796 cycles are as follows:

Gauge Resistance Per Loop Mile Cap. Per Mile

16 B & 8 42.2 Ohms 0.062 M.
19 B &S 83.2 Ohms 0.062 MF.
22 B & S 171 Ohms 0.073 MF.

For the convenience of those desiring to experiment with longer
lengths of cable, the Type 321-D Artificial Cable Box has been designed.
This unit contains thirty-two miles of any one of the standard gauges
listed above, built as a single unit, with a switch for throwing it in or out
of cireuit. This unit is a complete assembly of sixteen 2-mile sections.
Type 821-C Artificial-Cable Box ..........covvvininn.n. ... $180.00

Dimensions 15" x 87 x 514",
Code Word: ACTOR.
Type 321-D Artificial-Cable Box .......ccv0vinerivinesess $150.00
Code Word: ACUTE.
Either type will be built to order.
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TRANSFORMERS

A wide variety of transformers of low power rating are used in
communication laboratories, and in experimental amplifier construction.
These include not only the conventional type of audio frequency coupling
transformer for tube coupling, but also line amplifier transformers, im-
pedance-adjusting transformers and low-power transformers.

AUDIO-FREQUENCY TRANSFORMERS

Annealed silicon steel cores are used in all these transformers. The
use of adequate quantities of material results in high input impedance at
low frequencies without the use of nickel alloys as core material. Precau-
tions against overload are, therefore, not necessary, since no permanent
damage will result from saturation of the core. In many of these trans-
formers the windings are split into several sections, the coil being built
up of alternate layers of primary and secondary. This type of construe-
tion reduces both coil capacity and leakage reactance, preventing undue
attenuation of the upper frequencies.

The cases of these transformers are of steel with black japan fimish,
and with cores and coils sealed in wax.

TYI'E 385 AMPLIFIER TRANSFORMERS
The Type 585 Amplifier Transformers are high-quality interstage
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transformers for use with tubes of plate impedance not exceeding ap-
proximately 10,000 ohms.

The T'vpe 583-1) Amplifier Transformer has a flat characteristic
from 80 to 7000 cycles. At 30 cycles, the amplification is 85% of the
maximum value. In the Type 585-H Amplifiecr Transformer the band of
uniform amplification 1s somewhat narrower, but a higher umli]iﬁt'ntinn
ratio (1:3.5) is obtained.

Specifications

Type 585-D Type 585-H
Primary Inductance 80 Henrvs 70 Henrys
Primary DC. Resistance 2000 Ohms 2000 Ohms
Secondary Inductance 320 Henrys 830 Henrvs
Secondary DC. Resistance 9300 Ohms 11,000 Ohms
Amplification Ratio 1:2 1:35
Permissible Primary Current 5 MA. 5 MA.
Code Word: TIMIID TIPSY
Typé 685 Amplifier Transformer. .. .ovovievawsavieimrsavass $7.00

Dimensions, both types, 414” x 314" x 234", Weight 214 Ibs.

TYPE 285 AMPLIFIER TRANSFORMERS

These transformers, while having a nar-
rower uniform amplification band, require less
space in a radio set and are lower in price than
the Type 585 Amplifier Transformers. These
transformers have enjoyed a very wide popular-

ity in experimental radio sets,

Specifications

Type 285-1 Type 285-D
Turns Ratio 1:6 127
Primary Inductance 15 Henvvs 40 Henrvs
Primary IDC. Resistance 1200 Ohms 2200 Ohms
Secondary Inductance 325 Henrys 300 Henrys
Secondary DC. Resistance 13.000 Ohms 9000 l.‘)hmsp
Code Word: TOKEN TOTEM
Type 285 Amplifier Transformer ......oennnne . $4.00

Dimensions, both types, 814" x 314" x 214", Weight 114 1bs.
| 1]7_]
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TYPE 373 DOUBLE-IMPEDANCE COUPLER

While not a transformer, the use to which the Type 373 Double-
Impedance Coupler is put places it in this classification. This umt
consists of two chokes with a condenser, assembled in a unit, the chokes
forming plate and grid renctances and the condenser being used for
coupling. The condenser is designed to give resonance at aboul 60 cveles,
thus raising the lower end of the frequency characteristic. The impedance
in the grid circuit has the advantage of reducing the tendency toward

grid blocking.

This coupler is manufactured under U. 5. Patent 1,589,692,

Each choke has an inductance of 55 henrys
and a direct-current resistance of 4500 ohms.
The capacity of the coupling condenser is
0.1 MF.

Type 373 Double-Impedance Coupler. . . .$4.50
Dimensions 414" x 314" x 234",
Weight 214 Ibs.

Code Word: JELLY.

PUSH-PULL TRANSFORMERS

When a greater output than is available from a single tube is
required, the push-pull form of amplifier is recommended. The push-pull
connection permits cach tube to be worked over a greater portion of its
characteristic for a given degree of distortion than does the usual connee-
tion. The resultant power is not limited to twice that for a single
tube. A further advantage of the push-pull method is that hum voltages
tend to cancel in installations where unrectified alternating current is used
on the filaments of the amplifier tubes.

The voltage amplification of the push-pull stage is substantially
the same as for a stage of conventional transformer design. The push-
pull amplifier 1s recommended where a substantial signal voltage is avail-
able and large power output without distortion is required. A push-pull
amplifier i1s not a high-gain stage and does not of itself create great
volume.

The General Radio push-pull nm]nlilivr:«' are licensed by the Radio
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Corporation of America and associated companies for radio amateur,
experimental and broadeast reception only.

TYPE 441 PUSH-PULL AMPLIFIER

The Type 441 Push-Pull Amplifier is designed for use with the tubes
of smaller power output, such as the Types 112, 226, 171 and 210. It
is a completely assembled and wired unit, including baseboard, sockets and
rheostat, ready for installation. In order to obtain the full output of
the tube, a signal voltage of 15 is required for 171 tubes, while for 112
or 226 tubes the input signal voltage should be about 6.

The inductance of the input transformer primary is 20 henrys. Its
turns ratio is 1:2.25 for each side. The DC. resistance of the primary of
this transformer is 1600 ohms.

The impedance ratio for the output transformer is 10:1 (whole
primary to secondary). The DC. resistance of the primary of the output
transformer is 850 ohms.

Type 341 Push-FPull AGPHALr .. .o.vmmmvsesssesvieesemnsss $15.00
Dimensions 9” x 514" x 5”. Weight 514 Ibs.
Code Word: ASIDE.

Type UX-226 or CX-326 Amplifier Tube....................$2.25
Type UX-171 or CX-871 Amplifier Tube.........cociiiiiii 2.75
Type UX-210 or CX-310 Amplifier Tube.......co0veenernn.n 9.00

TYPE 541 PUSH-PULL AMPLIFIER TRANSFORMERS

When power tubes having plate eurrents considerably in excess of
25 milliamperes, such as the Type CX-350 or Type UX-250, are be-
ing used, the Type 441 Push-Pull T'ransformers are not suitable. These
tubes require transformers of special design, and the Type 541 Push-Pull
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Amplifier Transformers arve sup-
plicd for this purpose, It should
be noted that the use of the Type
541 Push-Pull Amplifier Trans-
formers is not limited to the 250
tubes, but that they may be used
also with other power tubes having
transFoRMER (@& plate impedances of 2000 to 6000

= 3 o
GEMERAL RADIO G
O mawipoe. mash. 1 olims.

B+

The design of a push-pull in-
put transformer offers consider-
able difficulty, due to the fact that

each half of the double sccondary

must have equal coupling to the primary. In the Type 541-A Input Trans-
former, the windings have been split into several sections and a sandwich
type of coil used, which rvesults in an unusually good characteristic.
The curve is flat from 100 to 10,000 cycles, dropping to about 75% of
the maximum at 30 cycles.

The inereasing use of
low-impedance  speakers  of
the so-called dynamic type.
particularly with the larger
power tubes, has made nec-
essary the development of a

special  output  transformer

for these speakers. The Type
541 Push-Pull Amplifier Transformers are, thevefore, obtainable in two
combinations, cach package containing an input and an output trans-
former, i. c.. a Type 5341-A and a Type 541-B Transformer for use where
the speaker impedance is of the order of 2000 to 3000 ohms, or a Type
541-A and a Type 541-C Transformer for use where the speaker im-
pedance is of the order of 5 to 10 ohms.
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Specifications

Type 541-A Type 541-B
Primary Inductance 65 Henrys 35 Henrys
Permissible Primary Current 6 MA. 60 MA. each side
Turns Ratio 1:3 1.2:1

(primary to whole secondary)

Primary DC. Resistance 1750 Ohms 750 Ohms (whole)
Dimensions 414" x 315" x 3”7 414" x 335" x 414"
Weight 21/ Ihs. 3 lbs.

The eleetrical specifications for the Type 541-C Output L'ranstormer
arc the same as for the Type 541-B Output Transformer, except for the
turns ratio, which is 35:1 (whole primary to secondary). The case dimen-
sions are the same as for the Type 541-A Input Transformer.

Type 541-A and Type 541-B Push-Pull Amplifier Transtormers
(for: Standard Speaker) ... . .o cevsesrossansiaee £25.00
Code Word: TALLYTORSO.
Type 541-A and Type 541-C Push-Pull Amplifier Transformers
(for Dymamie Speaker) .. covaissmorasnssi i wios $25.00
Code Word: TALLYTAPER.
OUTPUT DEVICES

Output coupling devices are required for two purposes, to adjust
the load to the optimum apparent impedance, and to prevent damage to
the load due to the flow of a large plate current. Devices of the first
class must be transformers, while devices of the second class may be either
transformers or condenser-choke filters. Transformers for impedance
adjusting should have an input impedance which is high as compared to
the reflected load impedance. The following listings contain output
devices of both classes.

TYPE 585-0 OUTPUT TRANSFORMER

The Type 5853-0 Output Transformer is intended for use between
the plate cireuits of power tubes of 2000 to 5000 ohms impedance, and
dynamie speakers having an impedance of 5 to 10 ohms, This transformer
will operate without impairment of andio quality with a direct current
of 55 milliamperes in the primary and is, therefore, adapted for use with
the Type UX-250 tube. This transformer is identical in size and
appearance with the Type 541-A Push-Pull Amplifier Transformer. It has
a primary DC. resistance of 464 ohms and a secondary DC. resistance of
1.87 ohms. Its impedance ratio is 625:1.

Type 585-0 Output Transformer . ... .. .. .. .. oL, $7.00
Dimensions 414" x 314" x 234", Weight 21/ lbs.
Code Word: TITLE.
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Type 5387-B SPEAKER FILTER

The Type 587-B Speaker Filter is intended for use in the output
of such power tubes as the CX-350 or UX-250 where the plate current
is large, but the tube impedance is so low that no adjustment of impedance
is needed. The Type 587-B
Speaker Filter is suitable for use
following impedances of 2000 to
10,000 ohms. Where a dynamie
speaker is used as a load, a Type
5835-0 Output Transformer would
be required.

The Type 587-B Speaker Fil-
TVPE SeTiE B ter contains a choke coil of 30

SPEAKER FILTER : : g
GENERAL RADIO co, (CF henrys inductance and 550 ohms

CAMBRIOOE, Mg

NPT DC. resistance. The direct eur-

rent through the coil should not
exceed 100 milliamperes. A 4-MF.

condenser is  connected in each

speaker lead.
Type 587-B Speaker Filter . . ...t iiiinniann. £9.00
Dimensions 414" x 354" x 414", Weight 4 lbs.
Code Word: FATAL.
TYPE 387-A SPEAKER FILTER
In installations where the plate currents do not exceed 20 to 30
milliamperes, as when a type 112, 171 or 210 tube is used, a
speaker filter of lower current capacity may be used. The Type 387-A
Speaker Filter fills the requirements of such installations. It contains
a choke coil of 30 henrys induetance and 350 ohms DC. resistance. The
direct current through the coil should not exceed 30 milliamperes. A
2-MT. condenser inside the case is connected in one speaker lead.
'Lype O8T-A peaker by . uiiivvivmiinmas siies s e smmymsi $4.50
Dimensions 414" x 315" x 3”. Weight 214 lbs.
Code Word: TOWEL.
TYPE 367 OUTPUT TRANSFORMER
Where a slight change in the apparent load impedance is desirable,
m addition to keeping dircet current out of the speaker windings, the
Type 867 Output Transformer is satisfactorv. It 1s intended for use in

the plate circuit of 6000 to 10,000-ohin tubes, and its impedance ratio
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of 1.5:1 is suitable for feeding 4000 to 5000-ohm speakers from such a
tube. This transformer has a primary inductance of 12 henrys and a
primary DC. resistance of 825 ohms. It has a secondary inductance of
10 henrys and a secondary DC. resistance of 375 ohms. The direct
current through the primary should not exceed 10 milliamperes.
Tope 86T Dntpiuk Tranlomier . voommce vmommims snwece s v $3.50
Dimensions 314" x 314" x 214", Weight 114 lbs.
Code Word: TESTY.

MICROPHONE AND LINE-AMPLIFIER
TRANSFORMERS

Mierophone and line-amplifier transformers, for microphone coupling
and for use in telephone lines respectively, are also available. These
transformers are similar in general design and appearance to the am-
plifier transformers previously described.

TYPE 585-M

SINGLE-BUTTON MICROPHONE-TO-GRID TRANSFORMER

A high-quality transformer of the proper impedance ratio is
required to adjust the low impedance of 100-ohm single-button microphones
to the grid impedance of the first-stage amplifier tube. The Type 585-M
Single-Button Microphone-to-Grid Transformer is designed to fill these
requirements. This transformer has a primary inductance of 0.95 henrys
and a primary DC. resistance of 20 ohms. The turns ratio is 1:27. A
resistance of 100,000 ohms 1s shunted across the secondary within the case.
Type 585-M Single-Button Microphone-to-Grid Transformer. .. .$12.00

Dimensions 415" x 314" x 234", Weight 274 Ibs.
Code Word: TARDY.
TYPE 585-M2
DOUBLE-BUTTON MICROPHONE-TO-GRID TRANSFORMER

Whenever a double-button mierophone is used, a split winding is
required on the primary of the transformer. The Type 585-M2 Double-
Button Microphone-to-Grid Transformer is similar in its general char-
acteristics to the Type 585-M Transformer, except that proper provision
has been made for the use of a double-button microphone. Each wind-
ing of this transformer has a primary inductance of 0.95 henrys and a
primary DC. resistance of 32 ohms.

Type 585-M2 Double-Button Mierophone-to-Grid Transformer. .$12.00
Dimensions 414" x 314" x 23/”. Weight 274 lbs.
Code Word: TARRY.
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TYPE 284 LINE-AMPLIFIER TRANSFORMERS

The Type 284 Line-Amplifier I'ransformers are designed for use with
line amplifiers, as the coupling unit between the plate of an amplifier
tube and the line, and between the line and the grid of an amplifier tube.
They are designed for a 500 to 600-ohm line impedance,

Tvpe 284-D Plate-to-Line Coupling I'ransformer............. .$12.00

Turns ratio 3.6:1

Code Word: PETTY.
Type 284-E Telephone Line-to-Grid Coupling Transformer. . . ... $12.00

Turns ratio 1:7.5

Code Word: PIGMY.
Dimensions 414" x 814" x 234", Weight 21/ Ibs.

IMPEDANCE-ADJUSTING TRANSFORMERS FOR MEASURING AND
BRIDGE CIRCUITS

The sensitivity of bridge measurements can be inereased greatly by
means of an impedance-adjusting transformer, if the bridge cirvcuit dif-
fers greatly in impedance from the measuring instrument. In coupling
other cirenits, an adjustment in impedance is also required in order to get
maximum power from a source to a load. A number of variable-ratio
impedance-adjusting transformers have been developed, as well as a few
fixed-ratio transformers for speeific needs.

TYPE 359 VARIABLE-RATIO TRANSFORMERS

These transformers are supplied in bwo groups, to work out of rel-
atively high impedances, 5000 to 20,000 ohms, or to work out of 500 to
600-ohm circuits. Efficiency is maintained down to 60 cyeles in each case.
Both auto transformers and two-winding transformers are available, All
types are provided with jack-top binding posts to fit the Type 274 Plugs,
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a convenient feature which facilitates circuit changes. The ratio is changed
by means of a tap switch on which is engraved the secondary-to-primary
turns ratio. "The transformers are furnished in the following ratios:

To Work Out of 5000 to 20,000 Ohms Impedance

Type 859-A Transformer
Turns ratio 0.25, 0.85, 0.5, 0.7, 1.0, 1.4.
Code Word: PILOT.
Type 359-B Transformer
Turns ratio 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.
Code Word: PIOUS.

Type 359-C Auto Transformer
Turns ratio 0.25, 0.35, 0.5, 0.7, 1.0, 1.4,
Code Word: PIVO'T.
Type 359-D Auto Transformer
Turns ratio 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.
Code Word: PLAZA.

To Work Out of 500 to 600 Ohms Impedance
Type 359-E Transformer
Tarns ratio 0.25, 0.35, 0.5, 0.7, 1.0, 1.4.
Code Word: POKER.
Type 359-F Transformer
Tuarns ratio 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.
Code Word: POLAR.
Type 359-G Auto Transformer
Turns ratio 0.25, 0.35, 0.5, 0.7, 1.4.
Code Word: POLKA.
Type 359-IT Auto Transformer
Turns ratio 0.06, 0,09, 0,13, 0.18, (.25, 0.35.
Code Word: POPPY.
Type 859 Variable-Ratio Transformers ..........cco0vvnnn.. $20.00
Dimensions 854" x 415" x 414", Weight 314 Ibs.
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TYPE 166 TELEPHONE TRANSFORMERS

£ am00

TYPE 166

GENERAL RADIO CO.
CAMBRIDGE MASS,

TELEPHONE
TRANSFORMER "J '

FFor many purpeses in a laboratory a small iron core transformer
of high and adjustable impedunce is extremely useful. It may be used
to advantage in impedance bridges employing a telephone receiver to
detect the balance point.  With this transformer it is possible to adjust
the impedance of the telephone circuit to the most satisfactory value
for the bridge circuil, independent of the telephone recciver impedance.

The winding is all on one leg of the core, but is in two separate
parts so as to be used as a primary and secondary. These windings,
however, may be connected in series should it be desired to use an auto
transformer connection. Taps are brought out on both the primary
and secondary windings so that it is possible to vary the impedance
and the ratio of transformation. A small air gap is left in the iron core
to prevent any possible distortion of wave-form due to saturation of the
iron. The panel is of bakelite with engraved lettering. Nickel-plated
binding posts are used as terminals for the taps. The following table
shows the number of turns between each set of binding posts:

PRIMARY SECONDARY
| e i Y 150 Turns | 2 | FE e 1200 Turns
e T E 300 Turns [ RN 2000 Turns
Bt onnninneas 000 Turns T8 iiersrnnas 1800 Turns

Type 166 Telephone Transformer. . ........00.0000,
Dimensions 23" x 215" x 214", Weight 2 1bs.
Code Word: TOPIC,
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TYPE 285-N TRANSFORMER
This transformer is designed to adjust the impedance of the T'vpe
338 Oscillograph string ecircuit, which is approximately 45 ohms, to
a high-impedance measuring circuit.  The impedance ratio is 325:1, and
the transformer is designed to work into a load of 30 to 60 ohms.
Type 285 Translormer ucicaiisnasearsdvivanse s =8.00
Dimensions 314" x 314" x 214", Weight 114 |bs.
Code Word: OBIESIE.
POWER TRANSFORMERS
Small power transformers are required for vacuum-tube excitation,
both for plate supply, through a rectifier and filter, and for filament
supply. A variety of transformers of both types is available. All these
transformers are scaled with wax to eliminate hum from lamination vibra-
I'i“l'!_ IIT"l are l‘.'ﬂ"t”ilu‘(l ill I]I:l{'k .i:l]:l:lnlll‘(! ]!I'{"‘Eﬂ("!"{—ﬁtﬂ{"] CIREs,

TYPE 565 TRANSFORMERS

The Type 565 Transformers are intended for use in high-voltage
power equipment for supplying such tubes as the Type UX-210 (CX-
310) and UX-250 (CX-350), and for use in amateur transmitters. These
transformers have a 200-watt rating. They are designed for operation
from 105 to 125-volt, 50 to 60-cyele lines, and are available with the
following secondary voltages based on 115 volts primary input.

Type 565-A Half-Wave Transformer .............. conw sy STBE0
H:"{'llﬂ!!.‘ﬂ‘}‘ \‘n[l‘.u;:v_\. 60 Volls 7.5 Volis 7.5 Volls 2.25 Valts
Maximum current 200 MA. 2.5 Amperes 235 Amperes 4 Amperes

Code Word: TABOO.

Type 565-B Full-Wave Transformer ................ e —— $13.50
Secondary vollages 1200 Volts (with center tap) 7.5 Volts 7.5 Volts
Maximum current 200 MA 25 Amp 25 Amp

Code Word: TACIT.
Dimensions, both types, 33,” x 514" x 514”. Weight 1414 lbs.
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TYPE 365 PLATE-SUPPLY TRANSFORMER

For low-voltage plate supplies, intended
for service with amphfiers using UX-171 (CX-
371) or similar power tubes, a power trans-
former of lower voltage and power rating than
the Type 565 Transformer is required. The
Type 365 Plate-Supply Transformer is
designed for use as a power-supply transformer
in such cquipment. It is intended for use on
105 to 125-volt, 50 to 60-cycle lines. The

- power rating is 70 watts. Seccondary voltages
are }41'“ (100 millinperes, maximum) with a center tap, and 7.5 (2.5
amperes, maximum).

Type 365 Plate-Supply Transformer .........ccoviiiiiaian. $6.00
Dimensions 415” x 334" x 4146”7, Weight 414 lbs.
Code Word: TENOR.

TYPE 410-A LOW-VOLTAGE TRANSFORMER

The Type #40-A Low-Voltage Transformer is primarily intended
for filament supply of alternating-current tubes. Like the other power
transformers, it is designed for use on 105 to 125-volt, 50 to 60-cycle lines.
The power rating is 70 watts. The following voltages are available:
2—3.5-—5—7.5. All windings are separate.

Type 440-A Low-Voltage Transformer ...................... $7.00
Dimensions 414" x 354" x 4157, Weight 415 1bs.
Code Word: T I{r].!{.

TYPE 445 PLATE-SUPPLY AND GRID-BIAS UNIT

The increasing usc of high plate voltages on vacuum tubes makes the
use of a plate-supply unit advisable in the laboratory, The economy of
such a umit is particularly marked where the use of the plate supply
is infrequent, involving delerioration of batteries when not in use.

The Type 445 Plate-Supply nnd Grid-Bias Unit has been designed to
meel the demand for a thoroughly dependable light socket B power unit
that is rveadily adaptable to the requirements of standard tubes. Any
combination of veltages from 0 to 180 may be taken from the four positive
“B” terminals.  An adjustable grid-bias voltage from 0 to 50 is also
available for use on the power tube of an amplifier.
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Type 445 Plate-Supply and Grid-Bias Unit

Voltages are varied by moving adjustable elamps with thumbscrews
along a wire-wound resistance.  When the elamps are set for the proper
operating voltages of the tubes, the thumbscrews are tightened, but may

casily be readjusted to meet new requirements.

To make the unit absolutely safe even in the hands of persons not
familiar with electrical devices, an automatic cut-out switch is provided
which breaks the 110-volt AC. cirenit when the cover is removed for
adjusting voltages or connecting wires to binding posts. The Type 445
Plate-Supply and Grid-Bias Unit is designed for use on 105 to 125-voll,
50 to 60-cyele lines, and uses a Type UX-280 (CX-380) Rectifier Tube.
The cireuits of the unit are connected to the case through a condenser,
rather than directly, in order to obviate the possibility of short-cireuiting
the filament battery. The case is of pressed steel, finished in brown

crackle lacquer.
Type 445 Plate-Supply and Grid-Bias Unit . ............... 235.00
Dimensions 1514” x 77 x 7”. Weight 16 lbs.
Code Word: APPLL.
Type UX-280 or CX-580 Rectifier Tube.............cvvuen. .. $4.25

This unit is licensed by the Itadio Corporation of America and associated companies
for radio amateur, experimental, and broadeast receplion only.
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TYPE 527-A RECTIFIER FILTER

The Type 527-A Rectifier
Filter is a complete filter for
heavy-duty plate-supply units, in-
corporating two chokes and a con-
denser  assembly of 4-2-4 M.
Fach choke has an inductance of
approximately 15 henrys, and a
current-carrying capacity of 100
milliamperes. The DC. resistance
is 175 ohms for each choke. The
condensers are rated at 1000 volts
continnous service. The filter is
similar in appearance to the Type
565 Transformers. Connections are in the form of wire leads. It is
mounted in a pressed-steel case with black japan finish.

$17.50

Type BAT-A Reclifier Filter: .. ivic vl sidaniinesioy & -
Dimensions 534" x 514" x 514", Weight 91/ lbs.
Code Word: FATTY.
00 ——

In assembling equipment for the laboratory, small parts, such as sock-
ets, binding posts, knobs, dials, cte., are required. For the convenience
of laboratories assembling instruments for their own use we are listing
the various standard parts used in our own equipment.

TYPES 260 AND 280 PORCELAIN INSULATORS

For antenna insulation, unl'rwlly designed
poreelain strain insulators are to be preferred
to other commercial types. The Type 280
Strain Insulator, illustrated, will be found
particularly satisfactory. It is made of care-
fully glazed brown porcelain and will withstand
severe weather conditions. e

Type 260  Type 280
Type 280 Strain’ IRSUIBIOYT .« o v o s ovniisse smmms wmme s wonew e nee $ .12

Dimensions 415" x 114" x 1”7, Weight 4 oz,
Code Word: CRULLER.
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Another convenient insulator is the Tvpe 260 Wall Insulator. It
may be used inside to support wiring or instruments, or may be used out-
side for supporting lead-ins or ground wires, Two of these insulators
with a threaded rod connecting them make an exeellent lead-in combina-
tion. Since they are also construeted of glazed brown poreelain, they
may be used either indoors or out,

Each insulator 1s equipped with nuts and washers assembled, as

illustrated.
Type 260 Wall Insulator & 20

Dimensions 215" x 214" x 2", Weight 4 oz.
Code Word: CONIC.
DIALS

The General Radio dials are of brass, finished fo resemble frosted
silver, with graduated scale in black. The Type 302 and 303 Dials
are provided with a specially designed vernier attachment, consisting of
a fiber pinion mounted below the dial, and engaging with a gear behind
the dial. The pinion is mounted
on & floating arm, and is held in
close contact with the gear by
means of a spring. The pinion 1s
mounted on the front of the panel,
and but one mounting hole s
required for the entire vernier
attachment.

The Type 310 and 317 Dials
are similar to the Type 302 and
303 Dials, but do not have the
vernier attachment.

Each dial is packed with cellu-
loid indicator, and a template is

provided for mounting. All dials are designed for a 1/ inch shaft.

Type 802-234" Geared Dial ............ o T co... $BL25
Dimensions 314" x 34", Weight 6 oz.
Code Word: DAISY.
Type 303-4" Geared Dial ..... i e R R el suiiay DeEOD
Dimensions 434" x 34”. Weight 10 oz.
Code Word: DALLY.,
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Type JI0-D00 T PHAY i i wivin i s et T S R S 2 $ .50
Dimensions 234" x 35", Weight 314 oz
Code Word: DANDY.
TIPe BLTA "D v voiivitn i v a e e SR e i e 0l $1.00
Dimensions 4” x 34”. Weight 614 oz.
Code Word: DEBUT.

SOCKETS

56 Type 438 Type 299

Type 319

-
—
K

In the design of all General Radio sockets, ecare has been taken in
cach case to make the sockets meet specifically the requirements of the
tubes with which they are to be used. Moulded parts are of bakelite and
metal parts are nickel plated, with the exception of soldering terminals,
which are nickel silver, for easier soldering.

TYPE 156 SOCKET
This socket is designed for tubes having the large UV or UX-base.
The phosphor-bronze contact springs are so arranged as to make positive
contact on the sides of the tube prongs.
Type 156 BoCket +vovvnmonmun smvmenvoyessesmrms ww s W e
Dimensions 214" x 214" x 134”. Weight 4 oz.
Code Word: SOBER.
TYPE 299 SOCKET

The Type 299 Socket is designed for the UV-199 tube. A multiple
spring makes contact to the bottom of the tube prongs.

Type B0 Socket oisiveniiinvirimivevisis i ees PO $ .35
Dimensions 238" x 138" x 1”. Weight 2 oz.
Code Word: STORY.
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TYPE 349 SOCKET.
This socket is designed for the UX-type of tubes. Positive contacts
are made with double gripping springs to the sides of the tube prongs.

Lyt B0 DOCREE oo e e R e $ .35
Dimensions 214" x 214" x 34"”. Weight 2 oz.
Code Word: SEDAN,
TYPE 438 SOCKET
The Type 438 Socket is designed for use with a tube having a five-
prong base. In construction it is similar to the Type 349 Socket.
Type 488 Socket for UY-base tubes ........ovoivviinren... $ .85
Dimensions 214" x 214" x 34", Weight 2 oz.

Code Word: STUDY.

Type 309 Type 346
TYPE 346 ADAPTER
The Type 346 Adapter enables the UX-199 and UX-120 tubes to
be used in navy standard tube sockets (Type 156). The adapter is of
moulded bakelite. A setscrew is provided for securing the tube firmly in
the adapter.
oy SR RAGPIEY ocommamns s e s
Dimensions 144" x 114" x 74”. Weight 1 oz.
Code Word: AMASS.
TYPE 309 SOCKET CUSHION
Many of the undesirable noises heard in a radio set are due to the
microphonic action of the tubes. This condition may be somewhat reduced
by the use of the Type 309 Socket Cushion under the Types 156, 299,
349 and 438 Sockets. This cushion is of sponge rubber.
Lype 309 Socket Cushion: iicvvivivi s siida v i svidivas $ .25
Dimensions 214" x 214" x 34", Weight 1 oz

Code Word: SABER.
[ 133 ]
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138-Y
(r-z-—-li
\

138-Z |

T“"‘;H;E'I |
138W |

&Kwu:@’

wiZh=

'*x 138-T

138-U

MISCELLANEOUS PARTS

All metal parts are nickel plated. IKnobs and other moulded parts
are of bakelite.
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Type
1538-T
138-U

Type

139-A
171-F
202-A
202-13

'11.'\}](:
137-D
137-1»
137-H
137-J
137-J
137-K
410

TYPE 337 SWITCHES

The experimenter will find the
Type 337 Switches convenient for ex-
perimental work. The construction
is such that a quick change-over may
be effected.

GENERAL RADIO COMPANY

BINDING POSTS

Type Description  Diameter Height Screw Size Price
138-A Bakelite 3/4m a9 /80 10-32 .18
135-W N. P. Brass 77164 1p2n G-32 08
138-Y N. P. Brass 1,/8n 34 10-532 a4
158-7 N. P. Brass /8 5/81 G-32 07

BINDING-POST TOPS

Description Price
Juck-Top Binding Post, for use with Type 274 Plug........ ... .00 .16
Jack-Top Binding PPost, for use with Type 274 Plug............ .00 10

SWITCH CONTACTS AND STOPS

Type Deseription Price
1358-13 1/4 Contact for Type 171-F Switch............ 5 .04
138-C 4,16 Contact for Type 138-A or 202 Switch...... 04
1358-13 37167 Conlact for Type 171-F Switch............ .03
138-Q9 Switeh Stop, with Rk, .. covevein s baessn vo 0
SWITCHES
Description Price
Multiple-Leaf Switch 1367 Radius.....oiciiviiaiimiiiniiiivnsiieneas $ .50
Single-Leaf Switch 77 Radius....covvieavviiviviioiiss v osossmans 30
Low Contact Resistance Switch 134 Radius, for panels up to 147, .75
Low Contact Resistanee Switch 1347 Radius, for panels up to 347, ..., il
KNOBS
Deseription Price
Moulded Knob, with pointer.. . ..iiiiiiiiiiinivivassinisssasss B .80

Moulded Knob, without pointer, (same as used on Type 139-A Switch).. .25

- Moulded Knob, (same as used on Type 317 Dial)....ovvirinnnnnnnnnnas 50

Moulded Kneb, with pointer, (same as used on T'ype 301 Rheostat).... .20
Moulded Knob, without pointer...........ocviiieiiiiinn.., P — 15

Moulded Knob, (same as used on Type 247 Vernier, tap 10-32 hole).... .15
Moulded Knob, with pointer, (same as used on T'ype 410 Rheostat).... .20

Type 337-A PPDT Switeh vl APt NI e e ey U ey i 2 3.00
Type 337-13 APIFT BwWibeh: & s i R e 7.00
Type 337-C B B T | T 10.00



GENERAL RADIO COMPANY

274-p |
274-E
b i =
274-J .
274-D
= 274~C

274-G
: 274-B

The experimenter will find the various items listed under the Type
274 group convenient for experimental work. This group consists of
multi-connector plugs, jacks, plugs, transformer mounting bases and coil
mounting bases. The various parts of this group will be found handy in
comparing different methods of coupling either at radio or audio fre-
quencies, and for interconnecting apparatus.

Type Deseription Price
274-A FJack Base ....ccovun R A R = 60
2715 d-Jack Base ......... . Rarriul st S 453
274-C 2-Jack Base ,..oo.iviviiienas A A A0
274-13 Single Insulated Plug ......... A P P 25
274-F Single PIE o.ovenives vmrmmdisivaieis e e i 22
254-F +-Plug Mounting Base .......covivienrinnnns 75
274G Open -Donhle Plup ..ovvaaiisssiosvasnsssasss Al
2740 oK o e S R A%
294-M Insulated Double Plug .......... T A0
291 (T et T e S A6
271t +=Gang Plug ............... e e i 50
275 Short-Cirewit Jack ........cccciiveiaians viwa 0
274-T Double Adjustable Jack .....coioiiiieaiiann, S0
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INDEX

TYPE

INSTRUMENT NUMBER PAGE
Amateur-Band Condenser ........ R R R R e e 857 16
Amateur-Band Frequeney Meter ....o.oioiiiiivinens SRS DD 7
Amateur Wavemeter ........ R o R R e R P | 111 8
Amplifier Test Set ......... A AR 3 I A Bt e 3535 104
Amplifier Transformers ......coe... s s s B s v i e e R 285 117
Amplifier Transformers ......ooocivveranrssrirssarsnrronsrreirsons 583 116
Artificial-Cable Boxes . ... ... ... .. cioiiaaas TR e e e e e e e 321 114
Abbemuation NebwoTks .. ..vsoaenvieavsssssssiis s insessassanss 2140 21
Attenuation Networks ... .. e TR W A e 329 21
Andibility Meter ...ooniviiririirini e s i T oo 164 20
Audio Oseillator oo ooiiiannn. A R B PpAA  ige i warm e S 213 B2
Beat-Frequeney  Oscillator ...... R e i Y T e T F13 bl
Binding Posts ...... O It e R e P e R A T ‘ 1345
Bridges ..... S A m R S A e e Ry S SRR +1-62
Capacity Dridge ........ e T R L 216 48
Capacity Dridge .......... A N e e e 383 30
Capaeity Meter ...ooovvveinna, e e 240 a3
Decade Bridge ............. e R P P A e B e e e 193 b
Mutual-Conductince Metar ... ociiiiiiivinriiisessasines cias 443 (]
Vacuum-Tube DBridge ......cocvvinnnns A R el |11 1L 5t
Broadeast Wavemeter and Filter ....vveieiiiiiininserfoameanananses 247-W 51
Capacity BYUIEE ivvnivamemen vn s wanss se s e Gom smess s i sy 216 48
Capacity Bridge ............... e = SO 053 50
Capacity Meter .............. SRR R R AL SRR e R A S A 240 A3
Center Tap Resistance Unit ..., R v ae T T venes 39 34
Center Tap Resistance Unit (. \l]l'ltbtﬂl‘}lL) O S e NP R, - | 3
Cuoils ...... R R SRR e e R P, i | 30
ConAenSers  .uu s vsersssnsassen B A 5-146
Amatenr-Band Condenser ... iiiiiiiiiiiiiriiiiriscnieneeea. 957 16
Decade, Condensers . ....... i S A S e B B T .. 219 5
Laboratory Condensers ............ccoiiiiiaans, Faeeaaieeis e &30 12
Micro-Condensers ........ S R B R AT R R R AT B 16
Precision Condenser ..... R R R e TR cen 222 T
Tuning CONACNEETE ... covevsvon sienesomsinbo nomsn s ey s s 247 14
Tuning Condensers ...... T — s N — e B 5 £ ) 15
Taiing Condensers oo veinmesun i fomssiassssiesssessaedssias ars 15
Variable Alr Condensers .. ivivi o ionivesisivasssessiassnins 246 10
Coupling and Tuning Coils .....covviiiivneinan, R oy T R 277 39
Coupling IMPedRnit .. .oocvvivimmnarmnsassssreisivinass sasiriis ven 69 M
Decade DBridge ........ A A AR N S 13 44
Decade Condensers ...ee e rveessansssnosenansnessnns . cee 219 5
Decide ResiStinCeS o ouvirisivasssssssssssnsrassssnsrmas e sl A 102 15
Dl s s e s e R R P R S R TR R 131
Double-Tmpedance Coupler ...... S P e 373 1158
Double String Holder . ...ccvovvviivviiansnamessmseins A R cevs  338-D 112
Filter Choke ... oivevimismnpiens R R kN B e R .. 366 M)
Filter Sections .. .oveevenrnnnas L — - ——— . 330 102
Five-Meter Wavemeter .. .....cccvcrrnnrmmcnnnarannns erarnasasenases 438 50
Frequency Standards . ....oiniiiineisieiiiiniaianianrsersasssasss G3-81
Amateur-Bamnd Freguency Meter ...l 558 79
Amateur Wavemeter ........ e R T . 358 8
Broadeast Wavemeter and I"lltl'r i R e . 2T-W 81
Direct-Reading Wavemeter ... ... ... ... A N T 174 7

Five-Meter Wavemeter .....oovvriiivninnennan, O 1 1 B0



INDEX

TYPE
INSTRUMENT NUMBER PAGE
Frequeney Standard—continued
Magnetostriction Osecillator (Single) ........vviiiiiviii.... 380 67
Magnetostriction Oscillator (Twin) ...... D v -ea. 489 67
Piezo-Electric Oscillator ...... B A R Y T - 05
Piego-Electric Oscillator (Station) ......ccvevvvrrrmrrrnirrmnnes 3705 (i3]
Preeision W er o i e i S i e s s e e e e 224 7l
Quartz Plates ....... T R R L S e 276 67
Quarts Platcs . occvivivmnsivsss R R T T oy 376 iifi
Station Frequency Meler .....cccesssssssrasrsssirinrsessrrrrss DOS TG
Galvanometer, Pointer ... ..., e B R e 188 07
Galvanometer Shunt .............. A R I B e e caas 289 27
FLOR WO BEbBE | o ssio s s iosi i 5 0 0 S W B i B R 8 R 127 98
FIOE=Wire  MEbEY ooancmsmnevpm s e m s TN NVUN LR NPE PSP PRRR PR 1 | | ]
INCTOCEANOEE o s ve a5 80 hms s ngd FA6 5om 5 AT 8% 058 BB 8 R F b x5 8 b Bii=10
Coupling - Impedange. co ool iiiins RS G e e e R 369 40
Filler Choke ......... T T A R ERRE BG6G 40
Inductance Standards ............. A B AT 106 B
Radio-Frequeney Chokes ...... a A ey e PRIPRCR P DR v | 39
Tuning and Coupling Coils .............. R e e e e SR L 30
NarhoeOUPler oo v isses i o b aa e s R e S e 2468 38
Variometer (Laboratory) ...... o Tt TV A TSP | | | a7
Variometer ............ N AR M A e o P vaves 209 48
Inductance Standards ..., D TN e R P 106 36
Insulator {BERaliY wumammnanans s rams R S e R S 250 1230
Instlator (WallY . ..ccmeessemmome s mmsmmens sy amsses we onapssms vens 260 131
T P S S 274 135
Linboratory Conglensems . . ool sl e i e de i v Tl e e 2134 12
Line-Amplifier Transformers .. ..o ciiiiimitisniineisins faiaees DSk 124
Low-Trequeney Oscillalor .. .....ccivmminciicimnmessnsimnnsias cpweis TTT 85
Low-Voltage Transformer ........ e p il SRS, 5 R = | | 5. | 125
Magnetostriction  Oscillator {‘ungle} A e A R P R 38y LT
Magnetostriction Oscillator (Twin) ........000000ne. e R +84 67
MEberE . copimimnonins L o R R B N L A B . 95-101
P TLTTTTE b £ o s N 164 26
Direet-Iteading CURMERRE /0 i oo s e e e 287 101
Hot-Wire Meber ooy s SRRty THEE a8
Hot-Wire Meter ...... T, A KRR s e TT0 08
Pointer Galvanomeler ... e irrirssssstnsierviasianssssansn 159 87
Thermionic Voltmeter ... ...... TR BT F e AR S e e T venves 426-A 05
Micro-Gongbieer koo s s R s PR T T 16
Mierophone-to-Grid ‘Transformer [Hingle Buttun} s s ey DS 123
Microphone-to-Grid Transformer (Double llultun) g R 585-M2 123
Miscellancous Parts ......c.veuunnnnas B AL RN S b b i TS 134-136
Mutual-Conductance Meter ....... R R A A A s ceins B 1]
Ohmmeter, Direct-Reading ......cvvvvivnnnns A R R 257 101
BT LTS ) T R R R e H2-04
(See also Frequency Htumian!'i)
Andio Qseillator .. .ioiioaiioonaiisii, SRR Pt e APt 213 52
Beat-Frequeney Oscillator ..., e SRR 1 88
Low-Frequency OsCIllator ....coesimisniverviiriineasirssaaris 377 53
Piezo-Electric Oscillator ..., .. o R e — o e PP | 65
Piezo-Electric Oscillator (Station) ............c.ccooiaa.. sies DI0 5
Radio-Frequency Oseillator .........., e A O e B 90
Standard-Signal Generator .. ............ R i e e 43 92
Oscillograph, String ........... . iien BB 107
Output Transformer .. ......cc...ceoecners iy S e e T PPN | 1 122
Output Transformer .........., P R e O e R verarsssiares  BBB-0 121

Phanlom Antenna Resisbors . .evnrierereneerssrsnes i aGr ey TR 30



INSTRUMENT

Piexo-Eleetric

Piezo-Electrie Oscillator (Station)
Plate-Supply and Grid-Bias Unit ...

Oscillator

Plate-Supply Transformer
Plate-Supply Transformer

Plugs

Pointer Galvanomeler

Potentiometer
Potentiometer
Potentiometer
Potentiometer
Precision Cond

Precision Wavemeter
Push-Pull Amplificr
Push-Pull  Amplifier Transformers

GQuartz  Plates
Quartz Plates

Radio-Frequency Chokes

R R R

CNBET ......

INDEX

CR I BEEEEEA SR E AR R R -
............... S T S e

------ . I T R A R I I SR
FE b s E e FE N R E R R B R B R R R ek R e owe R
R R SRR R T I R AAE R "
BE S E s B M N R R WA NN R R EESEE A EEaa W EE REEET

Radio-Frequency Oseillator .......
Ratlo Arm Box ...vvvininns

Rectifier Filter

Resistance Devices
Audibility Meter ..
Attenuation Networks .

Attenuation Networks ...

Decade Resistances

Center Tap Resistance Unit .......o....000 .
Center Tap Resistance Unit (Adjustable) ......... e E e S

Phantom Antenna Resistor . ...

Potentiometer
Potentimneter
Potentiometer

Potentiometer ...

se s s @ e e e

Resistanee
Rheostats
Rheostats

Bhoostat .ovsivavis i T T i

Rheostats

Standards

R I *

S e me

R

Voltage Divider ...

Resistance Standards ...

Rheostats . ...
Rheostats
Rheostat
Rheostats ...
Sockets ...,

Adapter .

Socket ...

Socket
Socket
Socket

Socket Cushion

Speaker Filler
Speaker Filter
Standard-Signa

rEr s

R

e

| Generator

Station Frequency Meter

String Holder,

String Oscillograph
= T .

Double

TYPE
NUMBER PAGE
275 G5
375 65
N 1 128
S65 128
565 127
274 1535
159 a7
371 31
F10 a2
31 83
214 3
232 T
224 71
1 119
Gl 119
276 67
376 G
379 39
351 a0
210 43
527-A 130
17-35
164 26
249 21
329 21
430 34
437 34
102 18
229 27
125 30
371 31
410 32
J01 as
214 33
133 20
214 33
301 33
10 29
+10 a2
G 3
133 20
214 33
301 33
$10 29
410 a2
132-134
316 133
156 132
200 132
349 133
138 133
309 134
B587-A 122
587-1 122
ME3 92
532 76
Wias-1D 112
38 107
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INSTRUMENT NUMBER
Synchronous Motor ...... Ca e b e e e e e e vevs #11=A
Telephone Transformers ......cociiiiiiiiiansriirrresssrssccaanan coe 1GG
Thermionic Voltmeter ........ccoivoviiiesansisnsans saneesaareseers BN
gy i T S GRS RPRP e
Amplifier Transformers ...... rasanses e s i P 285
Amplifier Transformers . ......ooiiiiiiiin i ce. DE5 )
Impedance-Adjusting Transformer ...ooviiiiiiiiiiiccaiiiain, 2R5-N
Line-Amplifier Transformers ........ P R PPEOP PP 2581
Low-Vaoltoge Tronsformer .......iccoavissnvssacsscasosscansss A=A
Microphone-to-Grid Transformer (Single Dutton) ..... iarasaves D8G-M
Microphone-to-Grid Transformer (Double Dutton) ....... vesss DBE5-M2Z
Output Pransformer ....o0viene R T coe HGT
Output Transformer .......... e e R P L e 585-0
Plate-Supply Transformer ..... i L e e e A P e
Plate-Supply Transformers ........o0000000 wr e aE ma E A
Push-Pull Amplifier Transformers ......co0i0iiiiiennanes 1
Telephone TransformMers ......cccovevrrcviiivssvinitinmmsaravans 166
Variable-Ratio Transformers . .........ccccivcciiinncacarasanen 450
Tuning ContdenBers ........cccecciresrrrsnssnssnsnssssnnsssnsis aaes 24T
Tuning ContlenSers ....c.orsrsssrnssrssssssssssansisssassnsanns e 34
Toning COnQenseErs .....sccreesnsasosssissnmanssnrrnssstassyonssnsi 474
Tuning and Coupling Cofls ...vviinaeivinnnnsinessssscseasioacasis 2717
Wt =TuDE TEXTERE i v boeaca i wila s ain v &6 i Wiacionwy winsd Fmcw i ni g e BGL-13
Yarialle Alr Condensers ............ R AR e e SR o 244
Variable-Ratio ‘I'ransformers .............. T L ek .0 359
Yariocoupler ..vvuvecassessacrannnns sieia ek AR s ST
N BTROENEIET & i e i m e o o T o o e I I cissaass 20D
Variometer (Laboratory) ........ T M A R o o ees 1OF
Voltage Divider ......cccvvvememiiinaiiiinan oy — L]
Voltmeler, Thermionle ....oceccessassinisassesbaesianananssionsanss 126-A
WEBYRIIMDETE o s oia v a6 60 rn bb A B B AL AR AT B A a RN S
(See also Fregqueney Standards)
Amateur-Band Wavemeter ......cciiiicininnnes P I o ko) .o B58
Amateur Wavemeter .....o.ocoiiieiae e vl A e A e s A DD
Broadeast Wavemeter and Filter ........... .0 ccciiiiin, v 2T-W
Dircct-Reading Wavemeter ...cociiviiissssnsssrnssseivinsnsss 174
Five-Mcter Wavemtter ... .ovvnvinrinsrnsnssrrases — . L
Precigion Wavemeter ....cccscivavisivas T T T T T sssras BB
Station Frequeney Meter .....oiviiiiiiiiniiainninns Rt b2
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