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Type 219F.
DECADE CONDENSER

Every college and research laboratory has need of a variable con-
denser of large capacity and reasonable accuracy for temporary set-ups
where it is inexpedient to use the precision types. For maximum
utility this unit should have the same flexibility as the familiar dial
decade type of resistance box.

The knife blade switch and plug connector types of box do not
possess this flexibility.

In the Type 219 Decade Condenser this highly desirable feature is
obtained by means of a cam switch which makes a definite contact with
the successive units, determined by a ball and socket locking combina-
tion. 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 read directly opposite the end of the switch
ponter.  The complete unit is mounted in a walnut case with bakelite
panel.
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The condensers used in the 0.001 steps are the mica type.  Rolled,
paraffin impregnated paper condensers are used in the higher capacity
steps.  While this type ol condenser is inferior to that using mica dielec-
tric, a well built paper condenser is so sausfactory for a wide variety of
laboratory uses that the expense of the mica type in the larger capacities
is frequently unjustified. These units are supplied adjusted to 5 per-
cent in the 001 and 2 percent in the 0.01 MF and 0.1 MF steps, which
is a fair indication of their constancy under various conditions of tem-
perature and [requency.

The rolled paper condensers used in the type 219 unit 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 increases the dielectric slrengtll, 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.  This
method of assembly is much superior for laboratory and filter work to
that which makes vse of a connection at the ends of the plates only. A
condenser of the former type has a materially lower resistance than one
of the latter type. The side connection also avoids the increase of
phase angle with {requency which oceurs with the end connection.  The
phase angle of these condensers at 1000 cycles is approximately .25%.

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

The paper condensers are available in single units where a perma-
nent installation is to be made. 'The units are supplied in capacitances
of 0.1, 0.2, 0.3, 0.4, 0.5 MF.

USES. The type 219 decade condenser is extremely useful in
vacuum tube oscillators of vanable frequency. It provides the large
capacity required for low frequency, and provides convenient variation
over a capacity range of 100 1o 1. It is also useful in temporary filter
set-ups and in tuning circuits of low frequency.

The type 236 condenser is useful in more permanent set-ups in
constant capacity cirenits, such as filters and artificial net-works.

Type 219F Decade Condenser.. — Price $50.00
Ten 001 MF steps.
Ten 0.1 MF steps.
Dimenszions 914”x5”x534”. Weight 6%4 1lbs,
Code Word “COVER.”
Tvpe 219G Condenser ..., Price $75.00
Ten 0.001 MF steps.
Ten 0.01 MTF steps.
Ten 0.1 MTF steps.
Dimensions 1234” x 5” x 6", Weight 634 lbs,
Code Word “BRIAR.”
Type 236 Filter Condenser ... : i rice $E0D
Dimensions 4”x1 f{n"xl/ﬁ" Weu:lu 5 oz
Code Word “PECAN.”
('This Bulletin replaces Bulletin 108)
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 112 NOVEMBER 1926

Type 239
VARIABLE AIR CONDENSERS

Variable air condensers are generally used as secondary standards
for all laboratory purposes for capacitances up to several hundredths
micrafarad. 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 sufiering 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 dielectric 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 Tvpe 222 is designed for use as a
laboratory standard and in precision wavemeters. Where laboratory
work of less exacting character is planned, the Type 239 or the Type
246 will be found satisfactory. All three types are alike in general
electrical design.
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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 unvarying for different capacity settings. The rotor
turns in locked cone bearings and is counterweighted. A slow motion
gear is supplied when desired.

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 MMTF. setting.

USES. The Type 239 condenser may be used in tuned circuits,
in wavemeters and in bridge work.

Type 239F. 1000 MMF. Mounted, Without gear......cocon$15.50
Dimensions 6” x 6” x 7. Weight 4}% lbs.
Code Word “BABEL.”
Type 239E. 1000 MMF. Mounted. With gear.. e 19,00
Dimensions 6" x 6” x7”. Weight 4/; Tbs.
Code Word “BANDY.”
Type 239E. 1000 MMF. Mounted. With gear. Calibrated.... 20.50
Dimensions 6” x 6” x7”. Weight 414 Ibs.
Code Word “BANJO.”
Type 239H. 1000 MMF, Unmounted. Without gear......... 10.00
Dimensions 414" x 434”7 x 6”. Weight 2 lbs.
Code Word “BARON.”
Type 239G. 1000 MMF. Unmounted. With gear... —
Dimensions 974" x 434" x 6”. Weight 2 Ibs.
Code Word “BASAL.”
Type 239K. 2000 MMF. Mounted. Without gear............... 18.50
Dimensions 6” x 6" x9”. Weight 6 Ibs.
Code Word “BASIN.”
Type 239]. 2000 MMF. Mounted. With gear... s 28400
Dimensions 6” x 6” x9”. Weight 6 lbs.
Code Word “BATTY.”
Type 239]. 2000 MMTF. Mounted. With gear. Calibrated.... 23.50
Dimensions 6” x 6” x9”. Weight 6 lbs.
Code Word “BATON.”
Type 239M. 2000 MMT. Unmounted. Without gear........... 13.00
Dimensions 414” x 434” x6”. Weight 3 1bs.
Code Word “BAYAN.”
Type 239L. 2000 MMF. Unmounted. With gear... sz 16750
Dimensions 414”7 x 434” x 6”. Weight 3 Tbs.
Code Word “BEFIT.”
Calibrations can be supplied as follows:

10 calibration points 3 1.50
Mounted curve ... 3.50
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Type 246
VARIABLE AIR CONDENSERS

The Type 246 is similar in construction to the Type 239, but is
heavier and more rugged throughout. It is better adapted to use as a
secondary standard than the Type 239 and, in fact, is satisfactory for
many uses where the greater precision of setting of the Type 222 1s
not required.

There is no change in capacity with frequency. The temperature
co-efficient is practically zero. The dielectric is isolantite, whose di-
electric properties are superior to porcelain and which is, in addition,
non-absorbent. The dielectric is of small volume and placed in a weak
and practically constant field. As the field through the dielectric 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. This fact is very important when the condenser is used in
measuring dielectric losses in connection with our Type 216 Capacity
Bridge.

A reduction gearing is provided for ease in making accurate
capacity 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 condenser meets the wide demand in radio
and general laboratory work for a variable condenser of considerable
range, low power factor and constant capacity. It is useful as a labora-
tory standard of capacity in bridge measurements of condenser resist-
ance in tuned circuits and in radio frequency resistance measurements.
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LOSSES. The power factor of the Type 246 condensers at 1500
MMEF, is about .005%, and the resistance at 1000 cycles is about 12
chms, and at 300 kilocycles the resistance is approximately .018 chms,

CONSTRUCTION. The illustration shows the general construc-
tion. The plates are heavy aluminum, accurately spaced. The main
shaft is fitted berween cone bearings, so that there is pracucally no
end-play. These bearings are ground in before their final adjustment.
In the reduction gearing, mentioned above, a small fibroil 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.

CALIBRATION. The minimum and maximum capacity of each
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. Max.Cap.  Voltage (Peak)
246L 55 MMEF, 1500 MMF. 800
246M 70 MMF, 3000 MMTF, 800
246P 72 MMT, 5000 MMF. 550

If desired, a celluloid protected calibration curve, accuracy to
5%, is supplied at an extra charge of $4.00.

FINISH. The condenser is mounted in an attractive walnut case
with engraved hard rubber panel. A four-inch silvered dial, divided
into one hundred divisions, is securely fastened to the main shaft.
Type 246L. Condenser, 1500 MMF. capacity =5 £28.00

Dimensions 714”7 x 714" x814"”. Weight 9 lbs,

Code Word “CEDAR.”

Type 246\, Condenser, 3000 MMF. capacity £34.00
Dimensions 774" x 734" x 1134”.  Weight 12 lbs.

Code Word “CHAOS.”

Tvpe 246P, Condenser, 5000 MMF. capacity : $38.00
Dimensions 734” x 714" x 1134”. Weight 1214 lbs.

Code Word “CHARY.”

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

The products of the General Radio Company cover a complete
Iine of radio and electrical laboratory apparatus. Information and bul-
letins of special apparatus will be sent on request. Our line includes
the following: Variable Air Condensers, Standard Condensers, Decade
Condensers, Variometers, Standards of Inductance, Standards of Re-
sistance, Decade Resistance Boxes, Wavemeters, Decade Bridge, Ca-
pacity Bridge, Audibility Meter, Hot Wire Meters, Galvanometers,
Thermo-Couple, Miscellaneous Transformers, Vacuum Tube Oscillator,
Oscillograph, Piezo Oscillator, Miscellaneous Apparatus.

All prices in this bulletin are strictly net, subject to change without
notice. . O. B. Cambridge, Mass. Cash should accompany orders
from persons or firms with whom we have not already opened accounts,
Unless otherwise instructed, we shall use our own judgment regarding
method of shipment.

(This Bulletin replaces Bulletin 111)
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GENERAL RADIO COMPANY
MANUFAUTURERS OF

ELECTRICAL AND RADIO LABORATORY APPARATUS
CAMBRIDGE, NMASSACHUS

BULLETIN 211 NOVEMBER 1926

STANDARDS OF RESISTANCE

AND
DECADE RESISTANCE BOXES

Type 102F

DECADE RESISTANCE

- standards of all sorts 1s, of course, perma-

The first requisite
nence; they must be unaffected by time and te srature.

A satisfactory resistance for alternating current work must not only
maintain constant resistance with changes in temperature, but also with
changes in frequency.

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 [ollowing the stress incident
to winding with the wire necessarilv under tension. The observance
of these precautions insures a coil whose resistance is unchanging with

time,
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The temperature ecefficient 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 caleulate the correction
for more precise work.

In order to meet the thivd requirement, independence from fre-
quency changes, a special form of winding must be resorted to in order
to eliminatre inductance and cepacity efects.  In the General Radio
cotls, the Ayrton-Perry method. illustrated in the diagram, is used,
A thin bakelite form s used. A single wire is first wound on

with a space left between turns equal 1o 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 coil adjacent. Thus both inductance and capacity
effects are kept at a minimum.

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

The current carrying capacity of the one-tenth ohm units is one
ampere, 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 chms will
carry about 1 watt.

Type 102

DECADE RESISTANCE BOXES

For general laboratory use the most convenient resistance arrange-
ment is that of decade units. By such a methad it is possible to eet
nearly anv value of resistance desired. Such units are compact and
rugeed. With the use of multiple-leaf contact brushes with each leaf
making independent contact, and with the ends of these brushes so cut
that they are not tangent 1o the path of travel. thereby preventing the
cutting of grooves in the contact studs, the dial method of mounting
decade resistance units is fast replacing the older and less satisfactory
plug method of connecrion. This newer method eliminates the incon-
venience of the shifting of plues, and also their high contact resistance.

[ Page 238 ]
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The General Radio Type 102 decade units are mounted on bakelite
panels with engraved lettenng, and are enclosed in walnut boxes. The
exposed metal parts are finished in polished nickel.

Attention is called 1o the fact thar each decade dial has eleven
contact studs, a zero and ten steps.  This feature s especially important
when working at the upper or lower ends of a dial.

These decade boxes are made in three ceneral types. two, three
and four dials. These general tvpes. however, may cover different
TANZeS.

The accuracy of the 0.1 ohm units. including switch contact resist-
ance, is 162, that of the 1 1o 5 chm units .25%, and that of the larger
units 1% on direct current, At 1300000 cveles the accuracy is 3%.
The wire used has a practically nil temperature coefficient of resistance
and contains no iron,

Type Units Code Word Price

102D 10 one-tenth chm coils DECOY $£24.00
10 one ohm coils

102E 10 one ohm cuils DECRY 25.00
10 ten ohm coils

102H 10 ten ohm coils DIVAN 28.00
10 one hundred ohm coils

102F 10 one-tenth ohm coils DELTA 32.00

10 one ohm coils
10 ten ohm coils

102G 10 one ohm coils DIGIT 35.00
10 ten ohm coils
10 one hundred ohm coils

102K 10 one-tenth ohm coils DETER 47.00
10 one ohm coils
10 ten ohm coils
10 one hundred ohm coils

102] 10 one ohm coils DEBIT 53.00
10 ten ohm coils
10 one hundred ohm coils
10 one thousand ohm coils

102L 10 ten ohm coils DECAY 95.00
10 one hundred ohm coils
10 one thousand chm coils
10 ten thousand ohm coils

The above Decade Resistance Boses have the following weights
and dimensians:

Number of Dials Dimensions Weight
2 TIg" x 3 x 414" 214 |bs.
3 107 x 5" x 414" 4 Ibs.
4 1258 x 514" x 314" 5 lbs.

Dimensions 3347 x 2147, Weight 12 oz
)

[ Page 239 ]
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STANDARD
RESISTANGE "
+« TYPEI3Z3K
BEMAL N BAT f
j cENERLL SACKS O%

Type 133

STANDARDS OF RESISTANCE
Resistance Standards, wound by the method previously described,
are available in the sizes listed belaw.

is 0.19; for all values.

The case is of moulded bakelite.

Type Resistance
133A 1 Ohm
133B 5 Ohm
133C 10 Ohm
133D 50 Ohm
133E 100 Ohm
133F 500 Ohim
133G 1000 Ohm
133H 10,000 Ohm
133K 25000 Ohm

Current
250NIA
100NMA
100NA

SOMNIA
SONIA
SONTA
15MNTA
15MNA

The accuracy of adjustment

Code Word

RECUR
REFER
REGAL
RELAX
RELIC
REPAY
REPLEL
PASTY
PASHA

Price
$7.00
7.00
7.00
7.00
7.00
8.00
#.00
12.000
25.00

The type 133K tapped resistance will be found particularly useful
i amplification measurements, as it covers the range of usual tube

impedances,

The total resistance is 25,000 ohms, tapped at 5,000 ochm steps.
The following resistances mayv be obtained by suitable series and

parallel connections:

1000) 2500
1250 3333
1444 3750
1677 4000
2000 4167
2143 5000

Dimensions 334" x

5833
6750
6677
7000
7500
8333
214",

8750
10000
11667
12500
13333
13750
Weight 12 oz

(This Bulletin replaces Bulletin 208)
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 212 NOVEMBER 1926

Type 210
RADIO ARM BOX

For the small laboratory where there is infrequent occasion for
bridge measurements the expense of a permanent bridge set up is often
unjustified. Where no bridge 1s available, one may be quickly
assembled by combining the ratio arm box with suitable elements for
the other arm. A Wheatstone bridge may be put together, using the
ratio arm and a standard resistance, or a decade box. An inductance
or capacity bridge may be similarly assembled.

The type 210 Ratio Arm Box consists of two similar arms, each
with 1000 ohms total resistance, and with intermediate taps at 1-3-10-
30-100-300 ohms, The resistances are the Avrton-Perry type, described
in our Bulletin 211. They are non-inductive and have very low dis-
tributed capacitance. The current carrving capacity is five-hundredths
of an ampere. The accuracy of adjustment is 0.19. These resistance
units are mounted in a polished walnut box fitted with an engraved
bakelite panel. The dial switches are our standard bridge type and
have a low and constant resistance.

Type 210 Ratio Arm Box.... . U O e $36.00
Dimensions 714”x5”x4". Weight 24 Ibs,
Code Word “RABI.”
[ Page 2411]
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UNIVERSAL GALVANOME TER SHUNT
TYPL 209 BENIAL MPIO4
GENERAL RADIO 0O '
nw NAST

Type 229
GALVANOMETER SHUNT

A palvanometer shunt has two general uses, as o means of pro-
tecting the galvanometer from injury while adjustments are being made,
and to extend its range, For the latter use the so-called “Universal”
type of shunt is useful. This type of shunt may be calibrated directly
in ratios, as the relative multiplying power is the same for all galvan-
ometers, regardless of the galvanometer resistance. This feature is best
understood by reference to the diagram. The tapped resistance (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 fallowing equation:

(Re+R)
lg=l¢——eu—=N
90C w

R
R
BRIDGE GALV
90w

9
i %
A

N is the ratio of the total resistance R 1o the resistance, between
the tap and A. This is, of course, independent of the galvanometer
resistance, and the shunt may be calibrated in turns of this ravo. It
is the constancy of this “relative” multiplyving power that gives the name
“Uriversal™ to this type of shunt.  The multplying power of the shunt

Re+R.

with the tap switch on unity is R

It is therefore important that R
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n connection with the | ‘ter method of

1tles, the constant resistance acrass the galvanomerner

wils 15w distinet advantage, as it imsures constant dampmng for all
Ihe General Radio Tvpe 229 shunt s ol the Ayrton-Mather
iversal type feseribed .':i'“n‘-.'l_'. |I total resistance 1s 1000 ohims.
are prion wed [or ratios of 0.001 — .01 — 0, 1. \ short circuit

he ealvanometer

The shunt is 1

] - walnur box tl
balkelite panel,  Separate pairs of binding poste are provided
bridee and galvanometer connection.

Tvpe 229 Universal palvanometer Shunt A18.00
IHI’,‘IL‘TI"]"-}‘I.\ _'-‘”‘{3'_.:""-.:"1_-. \\-t‘i_'ﬁn 1 1B.

Code Ward “GAVOT.”

Type 125
PHANTOM ANTENNA RESISTOR

For many tests of transmitting apparatus, it is desirable 1o
replace the antenna by a local circuit, the constants of which are more
easily and accurately determined. It also prevents interference with
neighboring stations. The Type 125 Phantom Antenna Resistor is
provided for this purpuose,

This resistor finds many other uses about the laboratory, wherever
an accurate resistance of high current-carrying capacity is required.
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These units are wound on asbestos-board [orms, mounted verti-
cally, an arrangement which insures a good circulation of air. The
resistance material is in the form of a rlhlnm and has a very low tem-
perature co-efficient of resistance and a constant resistance up 1o very
high frequencies. The inductance is very low and the resistance is
accurately adjusted to the stated values,

The resistor is made in two sizes, Type 125\ of 4 units of 4 ohms
each, and Type 125G of 2 units of 2 chms each. The separate units
of Type 125A have a carrying capacity of 3 amperes and those of Type
125G 15 amperes. It is possible to connect these units so as to abtain
the following combinations of resistance and carrying capacity;

Type 125A Type 125G
Resistance Carrying Capacity  Resistance  Carrying Capacity
2 ohms 10 amperes 1 ohms 30 amperes
4 = v g 1§
;M 5, © F = 15 =
12 # 5 %
] - L b
Type 125A Phantom Antenna Resistor— . . _$15.00

Dimensions 734" x 6” x 414”. Weight 3% lbs.
Code Word “RAVEN.”
Type 125G. Phantom Antenna Resistor £32.00
Dimensions 1034” x 754" x 514”7, Weight 7 lbs.
Code Word “REBEL.”

The products of the General Radio Company cover a complete

line of radio and electrical laboratory apparatus. Information and bul-
letins of special apparatus will be sent on request. Our line includes
the following: Variable Air Condensers, Standard Condensers, Decade
Condensers, Variometers, Standards of Inductance, Standards of Re-
sistance, Decade Resistance Boxes, Wavemeters, Decade Bridge, Ca-
pacity Bridge, Audibility Meter, Hot Wire Meters, Galvanometers,
Thermo-Couple, Miscellaneous Transformers, Vacuum Tube O%ci]lator
Qscillograph, Piezo Oscillator, Miscellaneous ;\ppamms.

All prices in this bulletin are strictly net, subject to change with-
out notice, I, O. B. Cambridge, Mass. Cash should accompany orders
{rom persons or firms with whom we have not already opened accounts.
Unless otherwise instructed we shall use our own judgment regarding
method of shipment.

(This Bulletin replaces Bulletin 209) ;
0¥
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GENERAL RADIO COMPANY

MANUFAUCTURERS O1
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDG AMASSACHUSETTS

BULLETIN 214 NOVEMBER 1926

Type 164
AUDIBILITY METER

Il a '-'1(']‘Ei1|-' receiver in ‘-'-]I;\'l! \"IL'TEI:!~ are beinge recerved 1s

shunted by a resistance until the signals are just audible, the ratio
the current in the telephone to the current in the shunt is an indication
[For instance. if the signal s just audible

of the strength of the signals.,
flows through the shunt and 1%

when 9% of the detector current
through the telephone receivers, the signal is sawd to have an audibility
of 100. If S is the impedance of the shunt and T the impedance of the

telephone receivers the audibility constant is given by the equation:
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The increasing use of uscillating cireuns for vacouin wbe detectors
has necessitated the develupnmient o1 a special type of meter for com-
paring the audibilities of signals.  This is becanse the vscillating cirenits
are affected by changes i their constants, very shight changes often
catany vaniations nl teleplione current guite vl ol proportion w the
changes inuvoduced, N senwes resistance must be addeld in the plate
C reuit to compensate fur the reduction in resistance of that circuit
caused by the shunting of the telephune receivers.  The elementary
comnections of this meter are shiswn in the dingram. R is the resistance
teed 1o shunt the teleplione recervers and R¥ is the compensating re-
gistance. As R decreases, R® increases,

-—-—Rz

o— \WWWWWW\~

The Type 164 Audibility Meter is designed to keep the impedance
of the oscillating circuit practically constant when used at 1000 cycles.
Tt is adapted for use with any good 2000 chm telephone receiver, This
meter consists of two sets of resistance units with thirty-two taps and
reads directly in audibilities from 1 to 2000 by approximately 25%
steps. As the first step has no resistance in shunt with the telephone
receivers, the audibility meter may be leflt permanently connected in
the circuit.

This instrument is mounted in a polished walnut case with en-
graved bakelite panel. The metal parts are finished in polished nickel.
The contact arm is of laminated phosphor bronze and insures perfect
contact.

Type 164 Audibility Meter. i i 336,00
Dimensions 8 x 8” x 4. Weight 3 Ibs.

Code Word “AWAKE.”

DETECTOR
—0 Lo
TELEPHONES

[ Page 248 ]
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Type 371

POTENTIOMETER

Experience has shown that the only thoroughly satisfactory variable
high resistance for large current is the wire wound type. The Type 371
Potentiometer having a rating of 40 watts permits the combination of
a high resistance with an unusually large current carrying capacity.

The Type 371 Potentiometer is made in the following ratings:

Res. Current Code Word
5 Ohms 2.8 Amp. RELAY
900 21.0 MA REDAN
2500 125 MA REFIT
5000 90 MA ROTOR
10000 65 MA ROWDY
15000 50 MA RULER
Type 371 Potentiometer. ... T Ot S A0.00

n

Dimensions 3447 x 342", Weight 4% oz

In urdering, be sure to specily resistance desired.
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The products of the General Radio Company cover a complete
line of radio and elecwrical laboratory apparatus. Ioformarion and bul-
letins of special apparatus will be sent on reguest. Our line includes
the followimg: Varable Air Condensers, Standard Condensers, Decade
Condensers, Variometers, Standards of Inductance, Standards of Re-
sistance, Decade Resistance Buxes, Wavemeters. Decade Bridge, Ca-
pacity Bodee, Audibility: Meter, Hor Wire Meters, Galvanometers,
Thermo-Couple, Miscellaneous Translormers, Nacnuna Tube Oscillator,
Oscillograph. Piezo Oscillator, Miscellaneous Apparatus,

Standards of Induetance  Therme-Couples \ ariimerers
Standards of Resistance Hot Wire Meters Capacity Bridue
Standard Condensers Galvanometers Decade Bridge
Variable Air Condensers  Vernter Condenser  Decade Condensers
Decade Resistance Boxes  Audibility Meters Miscellaneous
Telephone Transformer  Wavemeters Apparatus

All prices in this bulletin are strictly net, subject to change without
notice, I'. O. B. Cambridge. Mass, Cash should accompany orders
from persons or firms with whom we have not already opened accounts.
Unless otherwise instructed we shall use our own judement regarding
method of shipment.

("This Bulletin replaces Bulletin 213)
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GENERAL RADIO COMPANY
MAXNUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 307 NOVEMBER 1926

Type 106
STANDARDS OF INDUCTANCE

Suitable standards of inductance are a necessary accessory to bridge
measurements of inductance. The resistance should be constant for
changes in frequency, since its value must be known in computing the
resistance of the unknown inductance. It s also desirable that the
inductance have no outside field of its own, and be unaffected by neigh-
boring fields.

The type 106 standards are wound with wire, havine the
} i

strands msulated from each other, the resistance of which is nearly con-
]

strand ul

stant over a wide frequency range. Both the cffect of the standard on
surrounding instruments, and the effect of external fields on it are
i‘“\r'.‘ll climmated by the use of the astatic form of windine., In

this. the o 'l is wound in two sections, which are so assembled that their
external fields neutralize,

The coils are form wound, firmly bound, and securely fastened to
bakelite plates.  As the final adjustment is accomplished by rotating
one of the coils, it is possible to adjust these standards accurately to their
specified values, There is no metal in the fie'd of the cails, in lact only
a very small amount of metal, which is all non-magnetic, is used in the
entire assembly of this instrument. The accuracy of this adjustmenr s
one-tenth of one per cent. The current carrying capacity of the milli
henry and smaller size .r-IT- is 2 ampe rn that of the 5 and 10 Im]]lh(‘i:r'y
sizes 1 ampere. and that of the 100 millihenrv coil ¥4 ampere.

Irl!_ 3337
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By the proper choice of mductance standard and bridge raun the
wvpe 193 brdee may be made direct reading by the use of these
inductances.

Tepe lnductance Code Wurd Price
1061, A0 Nillihenry INNER £24.00
1004 LO  Millihenn INER'T 24.00
106 10,0 Millibeurys IRATT. 24.00
1001 W Nillikentys IS 24.00
Type 107
VARIOMETER

For general laboratory work a properly designed variometer has
a great variety of uses. In addition to serving as a variable standard
of selfl or mutual inductance, these instruments have many uses such
as in filter circuits, radio frequency oscillating circuits and similar
work,

The Type 107 Variometer consists of two coils which are both
sections of cylinders, one of which is slightly smaller than the other.
‘The smaller coil is mounted within the larger in such a manner that
it may be rotated about its vertical diameter. The connections of
each coil are brought out separately in order that the coils may be
connected in series, parallel, or used separately. This arrangement not
only increases the range through which the inductance may be varied,
but also increases the uselulness of the instrument,

A silver etched dial with black filled lines and figures indicates
the relative position of the coils. When the dial reading is zero, the
currents in the two coils are circulating in opposite directions and the
inductance iz 2 minimum. When the dial reading is 50, corresponding
to a rotation of 90°, the coils are at right angles and the total induc-
tance is the sum of the self-inductances of the 1wo coils for the series
connection, and approximately one-half the inductance of a single coil
for the parallel connection. At the 100 reading the currents in the coils
are flowing in the same direction and the total inductance becomes the
sum of the sell-inductances of the coils plus twice their mutual induc-
tance for the series connection, and for the parallel connection ap-
proximately one-half of the sum of the mutual inductance and the
self-inductance of a single coil.

The connections to the moving coil are made through multiple
contacts, giving a low and constant resistance, The coil windings of
the smaller inductance sizes are of stranded wire with the separate
strands insulated from each other. The field of these coils contains
but very litde solid dielectric and livde metal. This metal is non-
magnetic and so placed as to be in a2 very weak field.

[ Page 334 ]
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The entire instrument is mounted in a walnut case with engraved
bakelite pancl. The metal parts are finished in polished nickel.

Attached to the bottom of éach variometer case is a certificate
and minimum inductance when the coils are con-

oiving the maximug
nected inoseries. Calibration curves may also be supplied, for an addi-
tonal charee of S3.00, giving the inductance throughout the entire
rallel connections,

range for both the series and pe

Type 107F: About 02t 4 M Hocvaue e manu524.00
Carries 3 amperes continuously,
Code Word “HAPPY.”
Type 107G, About .10 to 4 M., H._ — N £24.00
Carries ¥ ampere continuously.,
Code Word "HARDY.”
TypelO7H. Abour 4 to I8 N H. £24.00
Carries V4 ampere continuously,
Code Word “HAVEN.”
Dimensions 6” x6” x 8”. Weight 434 Ibs.
We are also prepared to build special inductance coils 1o specifjca-
tion. Coils for filter circuits a specialty,

[ Page 335 ]
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The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus. Information and bul-
letins of special apparatus will be sent on request.  Our line includes
the [ollowing: Variable Air Condensers, Standard Condensers, Decade
Condensers, Variometers, Standards of Inductance, Standards of Re-
sistance, Decade Resistance Boxes, Wavemerers, Decade Bridge, Ca-
pacity: Bridge, Audibility Merter, Hot Wire Neters, Galvanometers,
Thermo-Couple, Miscellaneous Transformers, Vacuun: Tube Oscillator,
Osc:llograph, Piezo Oscillator, Miscellaneous Apparatus.

All prices in this bulletin are strictly net, subject to change with-
out notice, F, 0. B, Cambridge, Mass. Cash should accompany orders
from persons or firms with whom we have not already opened accounts,
Unless otherwise instructed we shall use our own judgment regarding
method of shipment.

(This Bulletin replaces Bulletin 306)
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GENERAL RADIO COMPANY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 411 NOVEMBER 1926

Type 193
DECADE BRIDGE

Bridge methods have become standard practice for the measure-
ment of inductance, capacity, and resistance. In all bridge circuits the
voltage between two points in an electrical network is reduced to zero
by balancing the voltage drop across the unknown with that across a
standard. The balance or null point is determined by a suitable
detector and the value of the unknown computed from the circuit con-
stants. As a large number of bridge circuits have been developed it is
desirable that a bridge for general laboratory use should be sufficiently
flexible to enable it to be used in as many circuits as possible.

[ Page 4441
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The type 193 decade bridge contains the resistances Ra, Rs, and
Re shown in the diagram. Thee null print indicator may be connected
so as 1o put Re in either the unknown, or the standard arm. The
resistances are non-inductive, bemg our standard decade units,
described fully in Bulletin 211,

The cabinet is of palished walnut, fitted with a copper lining to
shield the resistance units from outside electrostatic fields. The panel
is of polished bard rubber with engraved lettering. A complete wiring
diagram is also engraved directly on the panel. The metal parts are
finished in bright nickel. Insulated binding posts are used throughout.
A wooden dust cover is furnished with each bridge to protect the panel
and switches when not in usc.

Resistance Measurements.  In making measurements of resistances
the null indicator is connected between points 2 and 3, and the STD
posts connected together. Rce becomes the standard arm. The un-
known is connected at X and the bridge balanced. ‘The solution of
the network gives the equation:

Rx = Ra Re/Re

This method may be used for either direct or alternating current
resistance by connecting a suitable suuru. at E. For resistance meas-
urements the accuracy of the brdge is .27, if care is taken in balancing.

Inductance Measurements. The bridge is preferably set up with a
switch such that the null indicator may be connected either to 1 or 3,
placing Re in either the unknown or standard arm as required. The
function of Re is to balance the bridge for resistance, since resistances
as well as inductances must be balanced. Rc is connected in the arm
having the lower resistance. As this is not generally known, the switch
1s convenient. The unknown is connected at X, a suitable standard at
STD and the bridge balanced. The solution of the network gives the

equation:
Lx = Ra Ls/Re

As the bridge is also balanced for resistance, the resistance of the

unknown is also indicated:
Rx = Ra (Rs -+ Re) /R
if Rc was connected in the unknown arm or
Rx = RaRs/Re — Re

An inductance may be compared with a capacity by connecting the
capacity across 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=RaRcC

The accuracy of inductance measurements is about .2% for air core
inductances. Owing to the change of inductance with saturation it is
impossible to obtain an exact balance with iron core inductances as the
degree of saturation changes with every adjustment. The error is con-
sequently greater in this type of measurements. 'The range for
inductance measurement is [rom about 20 microhenries to several
henries.

Capacity measurements. For measurements of capacity the bridge
is also set up with a switch for transferring Rc from the unknown to
the standard arm. The unknown is connected at X and a suitable

[ Page 445 ]
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standard at STD., With the bridge balanced. the solwtion of the net-
work gives the equation:
Cx = Re Cs/Ray

As belore, the resistance balance gives the equation:

Rx =Ra (Rs + Rc)/Re or Rx = Ra Rs/Re — Re
depending on the position of Re.
The accuracy of the bridge for capacity measurements is .2%. Its
range is from 0.01 to several microfarads.

Wagner Earth. When a telephone is used as a null indicator,
difficulty may arise due to the potential difference between the observer
and the telephones. The charging current resulting prevents an exact
balance. This difficulty may be overcome by the use of the *Wagner
Earth Connection,” which brings the telephone to earth potential, This
is accomplished by means of the resistances Rat and R~ and the extra
telephones T® in the figure. The junction of Rx and Rw is grounded
at J. With the switch open the bridge is balanced in the usual manner.
Closing the switch, the secondaryv bridge consisting of Rx, Ry, Ra and
Rg is balanced, using T2 All adjustments are of course made at R~
and Ra in order not to upset the balance of the bridge. When no cur-
rent flows through T= D is at ground potenual. The switch is
opened, and the balance completed. Ry and Rx may be decade boxes.
R

A
()
I
S
@
o
P~
= R ———]

Re
RIGHT

1-1-10-100w

0 E o-
BATTERY-OSCILLATOR
Standards. When the bridge is used for resistance measurements,

Re is used for the standard. For inductance measurements our tvpe
[ Page H6]
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 412 NOVEMBER 1926

Type 216
CAPACITY BRIDGE

Description

sINce

nitud L ey

ot sm H Imances I-L'd_i'.iu‘“ Ci T'|1':L‘!t
I'he l‘ pe 216 L‘.:E‘Iu.:f__'.' Bridge ha

measurement. The elementary circuit

193 Brid;

factor resy

. consisting of three resistances, two ratio arms and a power
tance. The cabinet containing the bridge is copper lined
and divided into several shielded compartments.

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

As this bridge is designed for the measurement of small capacities,
where the substitution method is used with equal total capacities in the
bridge arms, the ratio arms are equal resistances. The use of equal
arms without switches makes a verv accurate adjustment of the re-

sistances possible.  As the arms are identical. anv slight changes of
power factor with frequency will balance and produce no resultant
[ Page $45 ]
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error. The third resistance arm may be connected in series with cither
capacity arm as required to balance the bridge. A switch (F) is pro-
vided for convenience in making the change. This resistance is one ol
our standard non-inductively wound decade boxes. mounted n a
shielded compartment.

It is very often desirable 1o calibrate a vernier condenser whose
total capacitance is of the order of three or {our micromicrofarads, For
this work the bridge is first balanced, using capacitances of the order
of 1000 micromicrofarads. If oné of the resistance ratio arms were to
be increased one part in one thousand i e, from 3000 to 3005 chms,
the ratio of the capacitances would be changed accordingly, which is a
change of one micromicrofarad. In order that the ratio arms may be
changed in this manner, resistance units are supplied with the bridge.
These units may be added to either ratio arm. Although the standard
equipment of each bridge includes three of these resistance units so
as to give ratios of unbalancing of .001, .01 and .1, they can be fur-
nished to give any ratio desired.

Since the impedance of small capacitances at 1000 cycles is high—
that of 1000 micromicrofarads being 160,000 chms—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 tele-
phone receivers is only of the order of 20,000 ohms, it is evident that

¥ - 4D- 100 - 1 GOTS

this is too low. For this reason a telephone transformer with a primary
impedance of 200,000 chms and a secondary impedance of 20,000 ohms
is used. This arrangement provides the correct impedance in both the
bridge and the telephone circuits and makes it possible to detect a very
small difference in potential, such as that caused by the unbalancing of
the condenser arms to the extent of one hundredth of a micromicro-
farad.

In order to prevent errors due to capacity between the observer
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.

[ Page 449 ]
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The accurately calibrated decade resistance arm provided for
power factor measurements is valuable as a means of measuring dielec-
tric losses.

OPERATION: The space available in this booklet is insufficient
for printing full operating instructions for the bridge. A complete book
of instructions, outlining the procedure [or various types of measure-
ment, is supplied with each instrument.

USES: The Type 216 Bridge is adapted to the measurement of
capacitances up to about .3 MF, with great accuracy, The bridge is
capable of indicating an unbalance of one hundredth of a micromicro-
farad. The probable error of measurement using our Type 222
Precision Condenser is about | NINI.  When greater accuracy 1s re-
quired an accurately calibrated condenser of small capacity should be
connected across the Precision. As most errors come from stray fields
and moving leads, a permanent and substantial set-up is necessary lor
accurate work.

The bridge is also suited to the determination of the power factor
of dielectrics. The resistance adjustment may be made to one ohm
(the impedances measured are often in the neighborhood of 200, 000
ohms). This smglu ohm, however, may be a <Unalderab1c percentage
of the chance of resistance (Rc), and for this reason from 3-10% is a
conservative figure for the accuracy of resistance measurements,

The testing of small samples of cable or the study of temperature
changes in dielectrics 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 34°F. this
sample had a capacitance of 11. micromicrofarads and a phase angle of
48’. When heated 1w 100°F. the capacitance had increased 1o 12.
micromicrofarads and the phase angle 1o 1755,

For the usual run of capacity and power factor measurements, the
tvpe 213 Audio Oscillator is suitable as a source, Where measurements
are to be made over a wide ranze of frequencies our Type 377 Vacuum
Tube Oscillator is available. This instrument offers a range extending
from 50 and 60 cycle commercial [requencies, through the audio carrier
frequencies and into the radio frequencies.

Type 216, Capacity Bridee $160.00
Dimensions 137 x 147 x 7%, Weight 17 Ibs.

Code Word “CIVIC.”
Type 213, Audio Oscillator T oA )
Dimensions 6" x 434" x 37, Weieght 415 |bs,
Code Word “\A\UGER.”
Type 222, Precision Condenser. Alax, Cap. 1300 NINF 4 00,00
Dimensions 9”7 x 812”7 x 10”7, Weight 15 |bs.
Code Word “COPAL.”
[ Mage 4307
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Type 246L. Balancing Condenser. \lax, Cap. 1500 NIMF....$ 28.00
Dimensions 7%4” x 714" x 824", Weight 9 Ibs.
Cede Word “CEDAR.”

Type 1002C. Western Electric Double Head Receivers....__$ 12.00

The products of the General Radic Company cover a complete
line of radio and electrical laboratory apparatus. Information and bul-
letins of special apparatus will be sent on request. Our line includes
the following: Variable Air Condensers, Standard Condensers, Decade
Condensers, Variometers, Standards of Inductance, Standards of Re-
sistance, Decade Resistance Boxes, Wavemeters, Decade Bridge, Ca-
pacity Bridge, Audibility Meter. Hot Wire Mleters, Galvanometers,
Thermo-Couple, Miscellaneous Transformers, Vacuum Tube Oscillator,
Oscillograph, Piezo Oscillator, Miscellaneous Apparatus.

All prices in this bulletin are strictly net, subject to change with-
out notice, ', O. B, Cambridee, Mass. Cash should accompany orders
from persons or firms with whom we have not already opened accounts,
Unless otherwise instructed we shall use our own judgment regarding
method of shipment.

(This Bulletin replaces Bulletin 409)

Standardize on General Radio Apparatus Throughout.

[ Page 451 ]
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GENERAL RADIO COMPANY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS
CAMBRIDGE, MASSACHUSETTS

BULLETIN 414 NOVEMBER 1926

Type 361A
VACUUM TUBE BRIDGE

have become so mani-

n three-electrode v
{ that the I its 1 cristics 15 ol conswderable
importance. Several tube-testing ave been developed and

placed on the market. These usually consist of a series of meters and
rheostats, with or without enclosed batteries, and are designed to check
filament power and to measure certain so-called “static characteristics,”
such as the joint emission to grid and plate or the steady plate current
passing under any particular conditions of filament current or voltage,
plate voltage and DC grid bias. From characteristic curves obtained
in this manner the “static amplification constant” and other data of

value may be determined. Under certain conditions, however, the
“dvnamic char eri " of a tube are of more fundamental import-
l'o ol S ita it is necessary to apply an AC potential to

[ Page 456 ]
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the erid of the tube and to make use of certain balanced-bridee nieas-
urcnients.

The General Radio Type 361-A 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 charac-
teristics,” but would also act as a direct-reading bridge giving three
fundamental “dynamic characteristics” of the wbe, namely: the Am-
plification Constant, the Plate Resistance and the Mutual Conductance.
To measure these dynamic constants the bridge must be supplied with
current from an audio-frequency tone source, preferably sinusoidal in
character, and then be balanced [or a null setting in the telephone
head-set after the manner of the ordinary impedance bridge. The
General Radio Type 213 Tuning Fork 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
adjustments are on a dial decade scheme. There is no necessity for
removing plugs or changing connections,

The twbe to be measured is inserted in a detachable UV type
socket, mounted externally on the panel of the bridge and fitted with
an adapter for the small base tubes such as the UX-199, etc. A ten-
volt Weston meter is provided for measuring the voltage directly across
the filament terminals and, by means of a multiplier, the “B” battery
voltage. A Weston five-milliampere meter is used for measuring the
plate current. This is equipped with a shunt extending its range to
twenty-five milliamperes.  Provision is made for inserting any desired
“C” battery in the grid circnit. Thus, by varying the filament voltage,
plate voltage and grid bias (by means external to the bridee) the data
for the customary “static characteristic curves” may be conveniently
read on the bridge meters.  Routine inspection tests at definite voltages
are, of course. quickly and easilv performed.

The bridge is equipped with three telephone keys and two four-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. Thus, in a similar manner, the “dynamic characteristic
curves” of a particular tube may be easily and rapidly obtained and
research or routine inspection work greatly facilitated.

The resistances are of the non-inductive low distributed capacity
tvpe, 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 kev switches,

The circuit of figure 1, obtained by throwing in the key marked
“AMPLIFICATION CONSTANT" provides for the direct measure-
ment of the voltage amplification constant of the tube under test. The
resistance Ra (the four dial A-arm of the bridee) is adjusted until the
drap thremah it due to eurrent fram tha cena cayree balanees the patential
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(UEg) resulting in the plate circuit from voltage (Eg) impressed on the
grid. Minimum tone in the telephones indicates the balance point. Eg
results from the flow of the current from the tone source through the
10 ohm resistance in series with Ra.
In order for no current to flow:
Ep=UEg=Ralr
Where 11 is the current from the tone source
UEg is opposite in phase to Ralr
Eg=101Ir
U=Ra/10
The resistance (Ra) is numerically equal 10 10 L7, and the decade
resistance svstem is calibrated directly in terms of amplificatior ¢on-
stant.
[ Page 4537]
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A variometer, by means of which the quadrature component of
e.m.f. introduced by the tube capacity may be balanced out, greatly
facilitates the balance. 'The constant may be read to wwo decimal
places. The resistance provides for the measurement of amplification
constants up to 100.00.

To measure plate resistance the bridge is set for the circuit of
Fig. 2. The value of amplification constant just determined is set on
the A arm, and the bridge is balanced by adjusting the four dial B arm.
It will be noted that Ra has been switched to the grid circuit and
replaced by the 1000 ohm resistance. Rw has been added in the grid
circuit.  The condition of balance requires that the drops across the
1000 ohm plate resistance and Ra be equal.

At balance: Ra Ir=1000 Ip

le=UEg/(Rp+-1000)
Eg=Ir (Ra-+10)

Substituting and dividing: Ra=1000 (Re4-10) U (Rp-41000)

But: U=Ra/10

Hence: 100 (Re+10)/(Rp4-1000)=1

Giving: Rp=I00 Rs

Re is calibrated 1o read directly i plate resistance.

As before use is made of the variometer in balancing out quad-
rature companent in accurate adjusument of the bridge, Measurement
mav be made of plate resistances up to 100,000 ohms in 10 ohm steps.

For 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 Tr=100 Tr=100 UEg/(Rp+-100)

Fe=1000 [+

Ra=100,000 U/Rp (Rp is large compared to 100),
U=Ra Re/100,000

Mutwal Conductance = U/Re=Ra/100.000

Since the \ arm is marked with 1/10 of its true resistance:

Mutual conductance in mhos=reading of A arm x 104,

Values up to 0.01 mho may be read in steps of one micromho,

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 5 or 23 milliamperes maximum. A button type of switch
controls the shunt,

The Type 361-A Vacuum Tube Bridge recommends itself to the
use of laboratories of radio manufacturers where an accurate knowledge
of tube characteristics is required, for intelligent design either of tubes
or of sets. It is also particularly well adapted to the work of college
laboratories, being sufficiently simple in operation and rugged for class
work. and sufficient accurate for more advanced research.

A pamphlet of instructions is supplied with the bridge.

Type 361-A.  Vacuum Tube Bridge, price. . ..o ..$250.00

Code Word “BIBLE.”

Dimensions 167 x 14 x8”. Weight 21 |bs,
[ Paze4592]
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GENERAL RADIO COMPANY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 506 NOVEMBER 1926

Type 170
HOT WIRE METER

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
ammeter has the necessary characteristics which particularly adapt it
to this work. It should. however, be recognized that a hot wire am-
meter is inherently a less accurate instrument than those of the moving
coil type, which of course are impractical for measuring current at

[ Page 5217
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high [requencies. In wvur types 127 and 170 Hot Wire Ammeters
careful design and good workmanship have produced an instrument
which is electrically and mechanically good, ruzged and reliable.  These
meters, particularly the galvanometer type, which is the 250 milli-
ampere size uncalibrated, are used very extensively in wavemeters
and similar oscillating circuits for determining the resonance point.
The Type 127 meters are used extensively for measuring the radiation,
filament and plate currents in experimental continuous wave trans-
mitting stations.  The Type 170 meters have found a wide use outside
of the radio field. They are used as transfer instruments in generator
testing and similar work,

The expanding strip in these meters is of thin platinum, so as 1o
prevent oxidation. It is so proportioned that it works at a low tem-
perature and is ol low resistance. These are two hizhly desirable
features, since the former permits reasonable overloading without
burning out, and the latter minimizes the losses.

The tvpe 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 1s very lintle shift of zero. Any
necessary correction may be made by adjusting a knurled screw, This
type of instrument is equally accurate on divect or alternating current
of anv frequency.

These instruments are made in twa general sizes. Type 127 is
the smaller, or three-inch size, and iz made in three types, partable,
front-of-board mounting and flush mounting.  Tyvpe 170 is the large
size and is made only in the partable type. Tt is mounted in a polished.
walnut case and fitred with carrying strap.

The Type 170 meters are made in the sizes listed below. The
Type 127 meters ave llustrated and listed in Bulletin 925,

Range Resistance  Code Word Cusc Price
100 N AL 1.0 ohms BT Portable £24.00
230 NT- A By # FEVORLE Portable 22.00
500 N AL Lt T EXACT Portable 22.00

1 amp. 12 EXCIRE Porrable 22.00

Zamp. S EXERT Portable 22.00

3 amp. e TS Portable 22.00

S amp. 16 EXIST Portable 22.00

10 amp. 08 15 XPETL, Portable 22.00
20 amp. 04« EXTRA Portable 22.00
Galvanometer 44 = ETHER Portable 21.00

AL

Dimensions 437x3"x314",

Weight 16 oz

[ P.’I pe 322
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WESTON METERS
Supplementing our own line of hot wi
Weston direct-current '.--‘-.r meters, direct-ct

mmeters. we can supply
rrent ammeters and thermo-

n t I'hese meters are lush n with black
tapan finish. Theyv are similar in appearar and i1 ble wit
our Tvpe 127-A Hot Wire Amm i ualitv a I

\\‘:H— NCICTrs arce S« | _," aind s I

Model 301
DIRECT-CURRENT VOLTMETERS

Fliese meters re made for two general lasse i servide
rance, for determining the filament I"-h.l'._-.. of vacuum tubes, and
Ligh range, fw .Illy....ll'.lll_' plate  potentials.  The most populio

A S L
R.’l!l'.'l‘ (IlILEl' “'Ii E,'l'.“'l'
+ valts \LTOBALANCE A5.00)
10 volts \UTOBA'TH 8,00
15 volts \UTOBASKET S.00
30 valts A\UTOBATTLLE 5.00
100 valis \I III] \] 13.00)

Model 301
DIRECT CURRENT AMMETERS

Plat rrent measurementis \'-. e33ar as s
Cip L casuremaeoents. ]' "I!'.:-: service ¢ \I lel 301
direct-current ar are to be recommended. Ti;:_‘ m ".=\""-.'

ranges arc:

Range Code Word Price
milliamperes A\UTOGALE 410,00
100 milliamperes \UTOGAGE 5,00
2000 milliamperes AUTOGASKET #.00
1.5 amperes \UTOCADB 8,00

i amperes \UTOCOFFER 8.00
3 amperces \UTOCOMNIB 8.00
10 amperes \UTOCOUPLE 8.00

I P |
£ |

s
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Model 425
THERMO-AMMETERS

Where guickness in movement and low meter energy consumption
are important features, we recommend the use of thermo-ammeters in
place of Lot wire ammeters for measuring antenna currents. e
Weston Madel 425 thermo-ammeter has the same overall dimensions
as the Nodel 301 direct-current meters, 'Lhis unity in size and appeai-
ance greatly adds to the artractiveness of a completely equipped control

pancl, The Model 425 meters are made in the [ollowing sizes:

Range Code Word Price
[.3 amperes THIAZIN A17.00
3 amperes THIBET 17.00
3 amperes THICKISH 17.00)
[{) amperes THIELT 1500
20 amperes THIENYL 15.00)
115 milliampere Galvanometer  THIETSEE 18,50

The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus, Information and bul-
letins of special apparatus will be sent on request.  Our line includes
the following: Variable Air Condensers, Standard Condensers, Decade
Condensers, Variometers, Standards ol Inductance. Standards of Re-
sistance, Decade Resistance Boxes. Wavemeters, Decade Bridge. Ca-
pacity Bridge, Audibility Meter, Hot Wire Meters, Galvanometers,
Thermo-Couple. Miscellanecus Transformers, Vacuum Tube Oscillator,
Oscillograph, Piezo Oscillator, Miscellaneous Apparatus.

(This Bulletin replaces Bulletin 305)

[ Page 524 ]
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GENERAL RADIO COMPANY
MANUFACTURERS Ol
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 507 NOVEMBER 1926

THERMO-COUPLE
TYPE 1340 BERIAL N2348

GENERAL RADIO CO.
CAMBRIDGE, MASS.

(B

Type 134
THERMO-COUPLE

Due 1o the comparatively laree power drawn by alternating current
instruments of the usual type, thermo-couples have been found best
adapted to the measurement of small currents,

The action of the thermo-conple depends on the behavior of joints
ol dissimilar metals when heated. When small joints of unlike metal
are welded together and heated, a divect voltage is generated, In the
Type 134 Thermo-Couple a junction composed ol copper and con-
stantan is placed inside a heater coil, Heat developed by the passage
of the alternating current through the heater coil raises the temperature
of the junction and venerates a dircet voltage,

The Type 134 couple is desiened for use with our Type 189 and
150 microampere galvanometer,  When used with this instrument, a
current of 50 milliamperes in the licater coil eives {ull scale deflection
on the meter.

The resistance af the heater coil is about 11 ohms: that of the
junction approximately 1 ohm,

The mounting for the couple is supplied with spade terminals,
spaced to fit on the binding posts of the 189 galvanometer.,

Type 134 Thermo Couple, price L3600
Dimensions 27 x3” 5 1317, Weieht 4 oz,

Code Word “TABBY.™”
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Type 189
POINTER GALVANOMETER

Most laborataries require a sensitive, portable, instrument for the
measurement of currents of the order of 10 to 1000 microamperes.  Such
an instrument must be both sensitive and rugeed.  The type 189 wal-
vanometer is adapted for just such service,

This instrument is of the D' \rsonval type, using the strained sus-
pension which permits of greater sensitivity than the pivor type and
requires no leveling.  The coil is wound on a damping form and ad-
justed to bring the coil just under eritical dampine.,  The construction

ES \']JI_']I as 1o .'J.|‘|1|\.\ a .-14||.1' lll‘.'l'l.lll\_L' Il‘i_‘l\\l'l'll l||s' .'ull| ..']I\] [:lll_‘ _«'nuv_\ |||..

the magnet poles, thus preventing interference [rom chance lint or dust
particles,

The suspension is of phosphor bronze rolled into a thin strip. The
spring support [or the suspension is such as to take np any 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 ealvanometer
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 uscs, ranging from indicating a bridge
balance to the measurement of radio received signal strength.  The
clearly drawn three inch scale makes the reading of the instrument very
easy.

The case 1s of polished walnut and the meral parts are finished in
polished nickel. A convenient leatlier carrving strap is provided.

\pproximate
\pproximate  Nicroamperes Code Word

Type Zern Resistance full scale

1891 left 100 chms 150 GABLE
189F centre 10 ohms 75 GATLY
189H lelt 100 ohms 5 GALOP
189] centre 100 ahims 25 (GANTIN
IH{';I‘ ]{.h :H{]f] ohims 1) (r\;”:]"],

Size §7x5"x314Y, Weiely 214 Ihs
Price, all tvpes £30.00
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS
CaMmBRIDGE 39, MASSACHUSETTS

BULLETIN 716 i MARCH 1926

TYPE 332

STATION FREQUENCY METER

Transmitting stations, such as broadcast stations, operating at a
fixed frequency require a frequency meter of great precision at a fixed
point. :

The General Radio Type 332 Station Frequency Meter was devel-
oped for use by this class of station. Itis not a fixed Frequcncy indicator,
but a frequency meter covering a limited band on each side of the station
frequency. This type of meter offers considerable advantage over those
having a single point indication in that it is possible to tell at any time
how far off its frequency the station is operating, and whether it is above

[Page 761]
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or below its proper frequency. This greatly facilitates adjustment of the
transmitter.

The instrument is of the usual wavemeter design, except that the
range is small, extending about 597 of the station frequency on each side
of the calibration point. A variable condenser of small maximum is
shunted by a fixed condenser to get the required capacity. This device
permits the use of an air condenser with very wide spacing without mak-
ing the instrument bulky. Increasing the condenser spacing lessens the
change in capacity under temperature variations.

Inside view of Station Frequency Meter

As a range of but 109 of the operating frequency is spread over the
entire scale of the Type 332 Meter, the scale may be read directly to .1%.
The station frequem\ is at the middle of the scale and is accurately set
at our laboratory. The Bureau of Standards will also supply calibration
on these meters if desired. The meter must be sent to the Bureau by
the purchaser for this check.

When the meter is coupled to the oscillating circuir the resonance
point is indicared by means of a thermo-ammeter.

The instrument is completely enclosed in a walnut case with leather
carrying-handle. The hinged top is removable, so that the meter may be
permanently installed.

USES

The Type 332 Station Frequency Meter is adapted for use as a con-
trol frequency meter for transmitting stations operating on a fixed fre-
quency.

Its construction permits its installation on the operating desk, where
the operator may have under his observation an indication of the trans-
mitter frequency. When permanently installed the meter deflection will
also give an indication of the power being developed in the oscillator.

The meter may be supplied with either wavelength or frequency
calibration, but will be calibrated in frequency unless otherwise specified.

Type 332 Station F requency Meter., ... oioota oo F17000 - ¢

Dimensions, 815" x 1034"” x 814", Weight, 13 lbs.
Code “(Jnl. ‘SENNA

[Page 762]
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GENERAL RADIO COMPANY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS
CAMBRIDGE 39, MASSACHUSETTS

'BULLETIN 717 MARCH 1926

TYPE 338
STRING OSCILLOGRAPH

In many lines of work and experimentation with alternating cur-
rents the need is frequently felt for a simple, sensitive, portable, and
inexpensive oscillograph, with which one may view with ease either sus-
tained wave forms or transient currents and voltages existing at any
“point in an electrical circuit or network. To meet this requirement the
General Radio Company has designed a compact and moderately priced
outfit which may be used for two distinct 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 1mage 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 can, 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 examina-
tion of telephonic currents in simple or complicated circuits; the study
of mechanical vibrations (when combined with some form of microphone
or magnetophone) occurring in moving machinery, or in bridges or other
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structures subject to intermittent stresses; etc. 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 desired frequency
over a considerable range. In this respect the instrument is especially
useful as a null point detector in A. C. bridge measurements when using
low frequencies at which the telephone receiver becomes insensitive and
otherwise unsatisfactory. As the galvanometer has no coil in the mag-
netic field, its 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, un-
damfped, and tuned to the fundamental of the applied A. C. frequency,

the following potentials are required to produce a wave form having an
amplitude of one millimeter:

RE B0evales . ol st 0.2 millivolts

A CRRD SO W, ¢ v 05 rvac o xs 1.0 o

FECIRA ) N . AT 24 5

ST ORI B & © s mitl 8.5 2

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

A" 60 cyclesit o eu s 0.0047 volts
e o2 o e A WS Al R 1)
AL LS000 W5 L ceEes e L R0 =
Aol 01 8 I SRR LR N 1.31

The resistance of the instrument strung with the 0.0004 inch tung-
sten wire is of the order of 65 ohms.

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

1. A galvanometer, Type 338-20.

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

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

4. A carrying-case, Type 338-12, for readily storing or transporting
the instrument.

5. A convenient piece of auxiliary apparatus consists of an adjust-
able rheostat, Type 340, having a total resistance of 100,000 ohms. This,
placed in series with the oscillograph, enables the same to be used with
voltages up to 500.

6. Another useful piece of auxiliary equipment consists of a step-
down transformer, Type 285-N, to adapt the oscillograph for efficient
operation in high impedance circuits.

A motor-driven film camera is being developed to be used with this
equipment.

The appearance of the outfit may be seen from photograph. A
walnut base cabinet serves to support and properly align the parts. In
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left portion of this is a drawer for holding spare string mountings and
er equipment.
. The galvanometer is mounted upon the right-hand end of the
binet. It is sensitized by two permanent magnets, thus eliminating
the need of a source of direct current for producing the necessary mag-
petic field. Two specially shaped pole pieces afford a long, narrow,
ical gap in which the string vibrates, and ar the same time serve to
ort the optical system, which consists of a large and a small con-
ser lens, together with a microscope objective. The large lens and
e standard automobile headlight bulb used are located in the lamp
amber seen on the extreme right, while the two small lenses are
ated within a tube passing through the pole pieces. All three lenses
» adjustable along the optical axis, while the lamp is adjustable in three
nensions. This makes it easy to focus the system to give a uniform
d of illumination. A thumb-screw, located on the left end of the lamp
amber, slides the optical system as a whole with reference to the string
ind thereby focuses the shadow image of the same upon the observing
creen.
The string is mounted upon a metal rocker arm, which, in turn, is
attached to the rear of a vertical bakelite strip, shown in the photograph.
Two adjustment screws will be seen protruding through the front of this
SErip. dne of these varies the tension on the string while the other serves
o move the string across the light beam in order to center the image on the
creen. Provision is made for damping the vibration of the string, if de-
, by means of two drops of oil. The whole string assembly is readily
vable, electrical contact being made through two springs on the
vanometer base. Two string mountings are provided with the equip-
nt, one strung with a very fine tungsten wire about .0004 inch in
imeter, while the other is strung with a coarser wire. These strings,
h are each 414 inches in length, may be considerably overloaded
vithout damage. As they carry no mirror their replacement, if accident-
ally broken, is a comparatively simple operation.
. On the left of the galvanometer base is mounted an enclosed poten-
tiometer for adjusting the potential applied to the string, and hence con-
olling the amplitude of vibration.
. On the left of the cabinet is mounted the mirror box, which is like-
se made of walnut. This contains a rotating octagonal metallic mirror
h affords the necessary time element of linear motion perpendicular
the vibration. The mirror is mounted on the shaft of a small induc-
n motor and is provided with jewelled bearings. This motor is of
aple construction, consisting of a circular disc, the periphery of which
ses through a gap in a rectangular, laminated core. The core s ener-
ed by a high impedance coil carrying a 60-cycle current and is sur-
ded by two copper rings acting as “shading coils” around one half
e cross section of each pole. The unsymmetrical distortion of the
ting field affords the driving torque. This motor is not inherently
ronous, as its speed may be controlled over a wide range merely
varying the voltage impressed on the energizing coil. This is done by
ans of a potentiometer, the knob of which is seen in the center of the
gabinet. A very constant speed of any desired value may be maintained
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in this manner, which makes it easy to synchronize the motor to any fre-
quency 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, while the maximum speed
of the motor is necessary to separate the individual wave forms at the
higher frequencies. The 60-cycle wavelength at maximum speed is from
215 to 3 inches, giving a wavelength of about 14 inch at 3000 cycles.

A screen bent on the arc of a circle is seen by looking down into the |
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 screen and still watch the wave form while
manipulating other apparatus. This is a convenient feature. A cylindri-
cal 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 inspec-
tion 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 t
may cnnvenienay Ee turned on or off by a small plunger switch mounted
on the center portion of the cabinet. This is the only source of power re-

uired, as the lamp is lit through a step-down transformer mounted in
(tlhe cabinet. The whole outfit takes about 40 watts.

The cabinet contains a 3 MF. paper condenser which is frequently
useful for eliminating a D. C. component from the string.

An aluminum tube connecting the galvanometer with the mirror
box is sometimes a help in reducing extraneous illumination of the screen.

When the outfit is desired for use only as a vibration galvanometer
it may be procured without the mirror box, but provided with a longer
tube having a small rranslucent screen for observing the image of the
vibrating string. In front of this is a small cylindrical lens for concen-
trating the light beam and intensifying the image. A metallic support
is provided for the outer end of this tube.

Galvanometer, Type 338-20. . .. .. ....... .. _........%80.00
7 TR AT o) R LS A e 60.00
Cabinet, Type 338-22. .. g 40.00
e BT ETT O ARE  a p s vt S s R s 5 20.00
Type 338 Oscillograph, with Carrying-Case. .. ....... $200.00

Dimensions, 30" x 11" x 17”. Weight, 61 lbs,
Code Word: “OFFER”
Type 338-20 Vibration Galvanometer Equipment, with
COTTYIREAREE. . L i, o L i dand s a s o ks 25 AL
Dimensions, 30" x 11" x 17", Weight, 53 lbs.
Code Word: “"OFTEN"
Rheostat, Type 340............ T e I $14.00
Transformer, Type 285-N. ... v 10.00

"
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GENERAL RADIO COMPANY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS
CaMmBRIDGE 39, MASSACHUSETTS

BULLETIN 718 _ ~ MARCH 1926

TYPE 275
PIEZO ELECTRIC OSCILLATOR
TYPE 276 -QUARTZ PLATE

The piezo electric properties of crystalline quartz make it particu-
larly well adapted for use as a frequency standard. Plates of this material
when properly prepared, and placed in the circuit shown on page 768,
will hold the frequency to extremely minute variations. The (mill.mnE
frequency is independent of the electrical constants of the circuit. The
frequency is entirely dependent on the physical dimensions of the quartz
slate which may be ground very closely to specifications. The frequency
is practically unvarying with temperature and is not affected by any
mechanical shock which does not fracture the plate.

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.
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The instrument is entirely self-contained and consists of the com-
ponents shown in the wiring diagram below, mounted in a suitable
cabinet which includes all necessary batteries. As the plate mounts on
the front of the panel with a plug-in arrangement, plates may be readily
exchanged in order to extend the frequency range. 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 fre-
quency determined by the plate, and not at the frequency of the tuned
circuit. The coil is mounted externally and is suitable for coupling to
other apparatus.

Licensed wnder Patents Y#5024C ond ¥ 472583
~For A_x‘ptrlmenfdf wse on _y
‘\
ME
Plote Couvreine
Cose
T T @)
ReY lagds =& Bottecy -..1||]| I -
Slock leads =A Sattecy |:g e A
Anol indicales » fead %
WIRING DrAGRANT 7.
275 PrEZO OSCILLATOR ”8"_9."_ G
7el/ephone plug must =il i—0
be nfﬁa—p arte Cuorrent “[-]“
will no? Flow

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. A pair of telephones or similar high impedance
must be connected at the plugs marked “TEL.” The Quartz Plate 15
plugged in, either at H.F. or L.F., depending on the frequency at which
it is to oscillate. In general, plates for frequencies higher than 500 K.C:
should be used in the H.F. mounting. Reasonable care should be taken
in handling the plates, as they will fracture if subjected to too great a
mechanical shock.

Limits are imposed on the fundamental frequencies for which it is.
possible to provide plates by physical conditions. The lower frequencies
require a very large plate, while for the higher frequencies the plates

[Page 768]

File Courtesy of GRWiki.org



become very thin, difficult to handle, and fragile. The practical limits
at present are about 100 and 1500 kilocycles. Lower and higher fre-
quencies are readily obtained from these fundamentals, as the oscillator
output is rich in harmonics.

Where it is desired to use the weaker harmonics of the plate, an
oscillating vacuum tube is coupled to the oscillator output. The auxiliary
oscillator may then be tuned to the harmonics of the quartz-controlled
tube by the beat method. Harmonics as high as the thirtieth may be
made use of by this method. Lower frequencies than the fundamental
“may also be obtained by means of the auxiliary tube. The auxiliary tube
is adjusted to the lower frequency by tuning it for dead beat between its
“harmonic of the desired order and the quartz-controlled oscillator. By
‘means of this device, a single plate mayc{»e used to obtain a great number
of frequencies.

QUARTZ PLATES

. Three classes of plates are provided. Where a wavemeter standard
s desired, and the exact points of calibration are immaterial, a plate can
e provided without grinding. Plates of this class are provided with the
al mounting, and the fundamental frequency measured to 0.19,
aved on the cover. They can usual]_\'LLe supplied within 259 of
any specified frequency within the above range. By making use of
harmonics, one plate may be used for a number of calibration points.
Vhere a closer approximation to a specified frequency is desired, plates

y be provided within 59, of the required frequency. Where the
uirements are still more rigid, plates may be ground to within 0.19,
of the specified frequency.

The entire instrument is enclosed in a walnut cabinet, containing
bsltterles. The price includes batteries and tubes, coupling coil, and
plate.
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USES

In the General Radio Type 275 Oscillator the principle of frequency
control by the use of quartz crystals has been made available for general
experimental use. The 275 Oscillator is intended primarily as 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 fre-
quency is affected only by some change in the physical dimensions of the

late or in the holder clearances. The development of a small, reliable
requency standard suggests the possibility of uniform frequency stand-
ards, provided by a central laboratory, ending the present interference
between stations due to a difference in standards.

Licensed under U. S. Pats. Nos. 1450246 and 1472583 for experi-
mental use only.

Dimensions, 10” x 11" x 8”. Weight complete, 19 Ibs.

Prices:

Oscillator complete with one plate. .. . . ...... . $115.00

Oscillator complete with one plate ground to specified
frequency. ... ... ... . ... L AARE R .. 145.00

Plates, mounted, each S T oo SRR .. 30.00

Plates, mounted ground within 5%, of specified fre-
(31Tt o) e R TR U A e o = L =y = Ny v S 40.00

Plates, mounted ground to specified frequency . .. . 60.00

This Bulletin replaces Bulletin No. 713.
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GENERAL RADIO COMPANY

ELECTRICAL AND RADIO LABORATORY APPARATUS

L

BULLETIN 803 NOVEMBER 1926

TYPE 377
LOW FREQUENCY OSCILLATOR

\f\m' lorms ol "Et'\ll".l _|| .;||.| i 51 al resean ' ol lem redu
t |

e Gieneral Radio Comyg
I'he Type 377 Vacuum Tube Oscillator has a {requency range
from 60 1o 75,000 cvcles, extending through the audio and carrvier f{re
ency ranges into the lower radio frequencies, The simplified circuit
Nator is shown in Fis. L. The freauen [ the oscillating

[ |,.'|'_":' Ny
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‘HIL' from! L‘.tiiul .|~-l1;||\!) al the -un‘!“.lll'l Is .\}iili' Hoon !hl.' li!:’t ['LI._:.'E’
sf thiz bulletin,  The meters are so equipped with switching arrange-
ments that ilament or plate voltage and oscillator or amplifier plate
current may be read. The wwo swiches directly under the meters are
the transfer switches,

The outpur of the vscillator is adjustable and may be held constant
over the frequency ranee by mesns ol the potenticmeter coupling o the
amplifier tube.  The resistance marked recouses s in the plate of the
vsaillater wibe, and controls wsallation,  For most satisfactory wave
e the feedback control should be set ar the point av which the tube
just beving 1o vscillate.

The frequency is continnously variable by imeans of the seven con-
trols on the lower part of the panel. There are three coils so tapped as
W give six switch pesitions, and a decade capacity system extending
from 001 MF. w 10 M. An atr condenser with maximum of 0,0011
ME. makes the capacity svstent eontinuously variable.

FEEDBACK

wwvw-—" =T
""" '.'."'
OUTPUT

§

2
T

=
&

1€

= +

Fig.l ScHemaTic CircuiT [|

An approximate calibration giving the settings ol the controls af
frequency intervals of abour ten per cent for the entire frequency ranve
i» provided with each instrument,

The oscillator is intended 1o be used with either UV-201 \ UX-112
ar UN-210 tubes.  For average use the UN-112 tvpe will be found satis-
factory,

The wave form of the oscillator output is very closely sinusoi
The largest single harmonic component in the voltage wave is of U
order of two per cent: Where particularly goed wave form is required.
it is advisable to use wbes of the UN-210 type. Load does not affect
wave form unless the amplifier tube is overloaded. The load will not
affect the frequency. as it is not applied directly to the oscillating tube

Frequency does not vary more than one per cent under ordinary
variations in tube conditions.

The power output of the instrument will vary with the plate voltage
and the type of tube.  With 4 UN-210 tube, the autput is about .2 wau
with 120 volts an the plate and abont .5 watt with 220 valts en the plate

The entire oscillator is mounted in a sturdy oak cabinet with sub-

| Page 810 ]
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mtial brass careving-handles and clasp. The panel swings outward,

VI eils) L o [he mmstrnnments, all I WHICH are mounted on L

appear. The cabinet 1s girone enoueh <o that the
o i I .
(
G _ <
o 19
s \ t e i all meas
urement worlk at audio. carrier and low radio [requencies.  \mong its
: : NeEe CUrLe
ll
Oscillators for s ranzes and smole freguencies (for laboraton
¢ onlyv) will be P ided to the customer’s order,

I'vpe 377 Low Frequency Oscillator $400.00

Dimensions, 174" x 18" x 1014". Weight, 50
Code Waord: “ONIFGAT
| Page 811
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The products of the General Radio Company cover a complete line
ol radio and electrical laboratory apparatus.  Information and bulletins

of special apparatus will be sent on request. Our line includes the
fullu\'.ing:

Standards of Inductance  Thermo-Couples  Variometers
Standards of Resistance  Hot Wire Merters  Capacity Bridge

Variable Air Condensers  Galvanometers Decade Bridze

Decade Resistance Boxes  Oscillograph Decade Condensers

Telephone Transformer  Audibility Meters  Vacuum Tube
Wavemeters Oscillators

All prices in this bulletin are strictly net, subject to change with-
out notice, I, O, B, Cambridge, Mass., Cash should accompany orders
from persons or lirms with whom we have not already opened accounts.
Unless otherwise instructed we shall use our own judgment regarding
methed of shipment.
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GENERAL RADIO COMPANY
ELECTRICAL AND II\'.U)H) 'I..\;l’.()R.-\'[‘()I(Y APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 804 DECEMBER 1926

MISCELLANEOUS TRANSFORMERS

[here are manvy mstances in radio and telephone work where «

line of
include
mmciudac

requirements.
| fixed ratio transformers for specific needs and variable ratio trans-
formers for laboratory use which may be adapted 10 a wide range ol
circuit impedances

VARIABLE RATIO TRANSFORMERS

IF'ar general laboratory purposes a transformer of variable ratio is
equently convenient. Such a transformer may be connected in circuit
l) . . - Iransi s obtained

. L dels eac

. | k

y (ratos less

¢r tham unitv) the .I'.lll"(‘-{\iilll'.

|.], 139\ to 359D inclusive ar .|.|..}‘1I'll [or working out of cir-
cuits having impedances of from 6000 to 20,000 ohms, at frequencies

step up (rauos great

above 00 cveles. Tvpes 33915 to 35391 inclusive are designed to give the

s vartable vatos with the primary working out of circuits having an

cdance of the arder of 60 ohms. Types 359C, D, G and H are

while "1'vy 30, | P rate primary

i nied udmes. Il are provided with terminals to fit the
| 74 pluc 1 nient featur el htates circuit change
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Type 359\ Transformer

Turns ratio (sec. to pri.) 0.025, 0,33, 0,5, 0.7, 1.0. 1.4
Type 3539B Transformer

Turns ratie (sec. to pri.) 0,06, 0.09, 0.13, 0,15, (.23, (.35,
Type 359C Auto Transformer

Turns ratio (sec. to pri.) 0.025, 035, 0,5, 0.7, L0, 14,
Type 359D Auto Translormer

Turns rativ (sec. to pri.) 0.00, 0.09, 0.13, 0.18, 0.25, 0.35.

Types 339A o D inclusive are designed to work out of circnits
having impedances of from 6.000 to 20,000 ohms.
Type 359E Transformer

Turns ratio (sec. to pri.) 0,025, 0.35, 0.5, 0.7, 1.0. 1.4,
Type 359F Transformer

Turns ratio (sec. to pri.) 0.025, 035, 0.5, 0.7, 1.0, 1.4,
Type 359G Auto Transformer

Turns ratie (sec. to pri.) 0.025, 0.35, 0.5, 0.7, 1.4.
Type 359H Aute Transformer

Turns ratio (sec. o pri.) 0.06, 0.09, .13, 0.18, 0.23, 0.35.

Types 359E to H inclusive are designed 1o work our of circuirs
having impedances of 500 1o 600 shms,

Direct current (primary) resistance all tvpes HK) ohms,
Type 359 Transformers. 4 Price #15.00

Dimensions 4147 x 354" x 4.7,

The Type 284 transformers are desiened for remote conticl and
line amplifier work, Their power rating is 20 warts,

Type 284C Double or Single Nicrophone to Grid Coupling Trans-
former.

This transformer is designed for conpling a microphone of either
the single or double button type to the end of the modulator tube,

Type 284D Plate 1o Telephone Line Coupling "I'ransformer.

\ transformer designed to work out of the plate of a vacuum twibe
into the standard telephone line (300-600 chms impedance).

Type 284E Telephone Line to Grid Coupling Transformer.

A coupling unit for working out of the low impedance of a telephone
line into the high impedance grid circuit of & vacuum tube.

Type 2841 Plate to Grid Coupling Transformer.

An interstage coupling transformer for use where vood quality is
essential.  The power rating is double that of our standard Type 285,

Resistance (ohms)

Type Turns Ratio Impedance Rario P, See.

284C 1:104 1:10.600 4 14,000

254D 6.3:1 40:1 340 18

284F 1:41 1:1700 18 14,000

2841 1:6.5 1:42.5 340 14.000
[ Pace 814 ]
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Tyvpe 284 Transformers.. Price $12.00
Dimensions 414”7 x 3147 x 23", Weieht 2% lbs.
Type 285N Single Microphone to Grid Coupling Transformer,
Similar to the type 284C, but designed for use with a single bottom
microphone. The power rating is 10 watts.
Turns ratio 1:44.5. Tmpedance 1:2000.
Dimensions 385" x 314" x 2147, Weight 134 1bs.
Type 2850 ——— el Price $7.00
Type 2857 is designed for use between circuits having approxi-
mately the same impedance, in the neighborhood of 500 1o 600 chms

where it is desired 1o insulate such circuits from each other, as when
direct current flows in one, and is undesirable in the other,

Impedance Ratio 1:1.
Dimensions 32" x 314" x 2v2”. Weight 144 lbs,
Type 285T o v, ol Price $7.00
The Type 285N is designed to adapt the elements of the Type 338
Oscillograph to bridee cireuits,
Ratio—"T'urns 18:1; Impedance 325:1.
Dimensiong 34" x 315” x 215", Weight 1'% |bs.

Tepe 285N _ Price $10.00
POWER TRANSFORMERS

Small power transformers are frequently required about the labora-
torv. "The following 1vpes are available. The power rating of all types
15 Ol watts:

Type 273 Transformers Price $12.00
Type 273K, Pr 110 Sec. 200—6.5—3  volts
Type 273N Pri 110 Sec. 480—7.5—7.5 vols
Type 2730 Pri. 110 Sec. 150—7.5—6 vohs

x 314" Weight 337 Ibs.

Type 285 0. THO—06 volts (10 watts) Price $7.00

Dimensions 373” x 347 x 214”7, Weight 1% 1bs.

Dimensions 314" x 3347

\ number of other transiormers will be found listed in Bulletin
No. 926, They include small power transformiers, ron cored chokes,
coupling transformers, and filters for use between the plate of various
types of vacuum tubes and loudspeakers,

Special transformers, both power and impedance adjusting, may
be made w order along the lines of those listed above. The usual price
for such special transformers is $£15.00 each net.

The Engineering Department of the Ceneral Radio Company
would be glad to determine specifications for any such transformers
designed to serve any particular purpose,

| Page 815 ]
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_ 7 TRANSFORMER

" TYPE 166
GENERAL RADIO CO.
CAMBRIDGE MASS. _

- ; 4800
“@

Type 166
TELEPHONE TRANSFORMERS

For many purposes i aboratory a small iron core transformer
l i 1us € I 1t
o advant Il I I £ 1«
detect 1 W
the i!'.'.-:_ edance ol the ele] 1 rcut t Lthe most : \ i
for the bridge circuit, independent of the telephone receiver impedance

The winding 15 all on one leg of the core, but s i 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 1o use

auto transformer connection I'aps are brought out on both the

dall

pri

mary and secondary wimdimnges so that (ot s possible to v

dance and the
iron core to prevent
ration of the iron. The panel is of kelit th e ed letterin
Nickel plated binding posts are used s for the taps. 'l

lowing table show
poOsts:
PRIMARY SECONDARY
2 150 Turns 5-63 1200 Turns
= ) 300 Turns 6-7 2400 Turns
4 600 Turns 7-8 4800 ‘I
'['j\ pe 166 '[‘i']f"llf.-'r:r Transformer #4000

e

5
-

Dimensions 234

Code Word “TOPIC.”
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