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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
pointer. The complete unit is mounted in a walnut case with bakelite
panel.

[ Page 143 ]

File Courtesy of GRWiki.org



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 of condenser is inferior to that using mica dielec-
tric, a well built paper condenser is so satisfactory for a wide variety of
laboratory uses that the expense of the mica type in the larger 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 frequency.

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 strength, but also makes
the unit more consistent in its behavior, due to its greater homogeneity.
Sufficient overlap is allowed on the foil so that the successive lavers of
cach 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 use 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 frequency which occurs 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 voltage rating of all units is 300 R. M. S.

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 variable frequency. It provides the large
-capacity required for low frequency, and provides convenient variation
over a capacity range of 1000°to 1. It is also useful in temporary filter
set-ups and in tuning circuits to low frequencies.

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

:Type 2I19F Decade Condenser. ..o Price $40.00
Ten 0.01 MF stcpa
Ten 0.1 MF steps.
Dimensions 9%2"x5”x534". Weaght 6% lbs.
Code Word “COVER.”
TYpe-219G -Condentel st s Price $60.00
Ten 0.001 MF steps.
Ten 0.01 MF steps.
Ten 0.1  MTF steps.
Dimensions 1234” x §” x 6”. nght 634 1bs.
Code Word “BRIAR.”
(This Bulletin replaces Bulletin 110)
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Type 239
VARIABLE AIR CONDENSERS

Variable air condensers are generally used as secondary standards
for all laboratory purposes for capacitances up to several hundredths
microfarad. Condensers for this purpose must first of all be of such
rugged mechanical construction as to withstand the handling of ordi-
nary laboratory use, without suffering changes in calibration. It is also
important that the phase angle be as low as is consistent with physical
strength and that the field through the 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 Type 222 is designed for use as a
laboratory standard and in prccm(m 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.

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

[ Page 145]

File Courtesy of GRWiki.org



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 MMF. setting.

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

Type 239F. 1000 MMTF. Mounted. Without gear... $14.00
Dimensions 6” x6” x7”. Weight 414 lbs.
Code Word “BABEL.”

Type 239E. 1000 MMF. Mounted. With gear........co... - 17.00
Dimensions 6” x 6” x7”. Weight 44 lbs.
Code Word “BANDY.”

Type 239E. 1000 MMF. Mounted. With gear. Calibrated.... 18.50
Dimensions 6” x 6” x7”. Weight 4% lbs.
Code Word “BANJO.”

Type 239H. 1000 MMF. Unmounted. Without gear............ 10.00
Dimensions 474” x434” x6”. Weight 2 lbs.
Code Word “BARON.”

Type 239G. 1000 MMF. Unmounted. With gear......... 13.50
Dimensions 974” x 434” x 6”. Weight 2 Ibs.
Code Word “BASAL.”

Type 239K. 2000 MMF. Mounted. Without gear.......... 17.00
Dimensions 6” x6” x9”. Weight 6 Ibs.
Code Word “BASIN.”

Type 239]. 2000 MMF. Mounted. With gear......con. 20.00
Dimensions 6” x6” x9”. Weight 6 lbs.
Code Word “BATTY.”

Type 239]. 2000 MMF. Mounted With gear. Calibrated.... 21.50
Dimensions 6” x 6” x9”. Weight 6 Ibs.
Code Word “BATON.”

Type 239M. 2000 MMF. Unmounted. Without gear.............. 13.00
Dimensions 474" x 434” x6”. Weight 3 lbs.
Code Word “BAYAN.”

Type 239L. 2000 MMF. Unmounted. With gear.......... 16.50
Dimensions 4%5” x 434" x6”. Weight 3 Ibs.
Code Word “BEFIT.”

In place of the 10 point calibration supplied on the 239E and
239] models, a mounted calibration curve can be supplied for $2.00
additional.
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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 is
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.

LOSSES. The power factor of the Type 246 condensers at 1500
MMF. is about .005%, and the resistance at 1000 cycles is about 12
ohms, and at 300 kilocycles the resistance is approximately .018 ohms.
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CONSTRUCTION. The illustration shows the general construc-
tion. The plates are heavy aluminum, accurately spaced. The main
shaft is fitted between cone bearings, so that there is practically no
end-play. These bearings are ground in before their final adjustment.
In the reduction gearing, mentioned above, a small 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 MMF. 1500 MMF, 800
246M 70 MMTF. 3000 MMEF. 800
246P 72 MMF. 5000 MMF. 550

If desired, a celluloid protected calibration curve, accuracy te
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 $30.00

Dimensions 722" x 7}4” x8%4”. Weight 9 Ibs.

Code Word “CEDAR.”

Type 246M. Condenser, 3000 MMF. capacity $34.00
Dimensions 774” x7%4” x 1114”. Weight 12 lbs.

Code Word “CHAOS.”

Type 246P. Condenser, 5000 MMF. capacity $38.00
Dimensions 7%4” x 7%5” x 1134”. Weight 1214 Ibs.

Code Word “CHARY.”

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

The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus. Our line includes
the following:

Standards of Inductance Galvanometer Shunt Miscellaneous

Standards of Resistance Vernier Condenser Apparatus
Standard Condensers Audibility Meters Piezo Oscillator
Precision Condensers and Wavemeters Artificial Telephone
Wavemeters Oscillograph e Lines
Vattable Xir Cotdlenases Vibration Artificial Cable Units
Decade R. . Box Galvanometer Attenuation Networks
e;“a‘ ¢ IResistance Boxes  Variometers Lab. Potentiometers
Tc.cphong lransff)rmcrs Capacity Bridges Ohmmeters .
Vacuum Tube Oscillator  Impedance Bridge ~ Amplification Test Set
Radio IFrequency Oscillator Vacuum Tube Bridge Beat Frequency
Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on

request.
(This Bulletin replaces Bulletin 112)
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are available in the sizes listed below.

RESISTANCE

TYPE I3%K

aEMmaL = BT
OENERAL RADIC 00 |Y

Type 133

STANDARDS OF RESISTANCE

Resistance Standards, wound by the method previously described,

is 0.19 for all values.
The case i1s of moulded bakelite,

Type
133A
133B
133C
133D
133E
133F
133G
133H
133K

Resistance Current

1 Ohm 250MA

5 Ohm 100MA

10 Ohm 100MA

50 Ohm SOMA

100 Ohm S50MA
500 Ohm SOMA
1000 Ohm SOMA
10,000 Ohm 15MA
25000 Ohm 15MA

The accuracy of adjustment

Code Word Price
RE(CUR $#6.00
REFER 6.00
REGAL 6.00
RELAX 6.00
RELIC 6.00
REPAY 6.00
REPEL 7.00
PASTY 10.00
PASHA 20.00

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

impedances.
The total resistance is 25,000 ohms, tapped at 5,000 ohm steps.

The following resistances may be obtained by

parallel connections:

1000 2500 5833
1250 3333 6750
1444 3750 6677
1677 4000 7000
2000 4167 7500
2143 5000 8333

Dimensions 334" x 214"
(This Bulletin replaces
I P.‘:.‘t' _);'u

]

suitable series and

8750
10000
11667
12500
13333
13750

Weight 12 oz
Bulletin 211)

@ File Courtesy of GRWiki.org
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STANDARDS OF RESISTANCE

AND
DECADE RESISTANCE BOXES

Type 102F
DECADE RESISTANCE

The first requisite for standards of all sorts is, of course, perma-
nence; they must be unaffected by time and temperature.

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 following the stress incident
to winding with the wire necessarily under tension. The observance
of these precautions insures a coil whose resistance is unchanging with
time,
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The temperature coefficient of the manganin wire used is so small
that the resistance may be considered constant with changes in tem-
perature in ordinary engineering work. As the coefficient is constant
over a considerable range it is a simple matter to calculate the correction
for more precise work,

In order to meet the third requirement, independence from fre-
quency changes, a special form of winding must be resorted to in order
to eliminare inductance and capacity effects. In the General Radio
coils, the Ayrton-Perry method, illustrated in the diagram, is used.
A thin bakelite form is used. A single wire is first wound on

with a space left between turns equal to the diameter of the wire. A
second wire, connected so as to be in parallel with the first, is then
wound on the form in the spaces between the turns of the first wire.
The direction of rotation of the second winding is opposite that of the
first, so that the currents in the two portions of the winding flow in
opposite directions. This arrangement also keeps adjacent wires at
nearly equal potential, unlike the usual type of bifilar winding which
makes the ends of the winding adjacent. Thus both inductance and
capacity effects are kept at a minimum.

For coils in excess of 1000 chms, 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 tyvpe 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 wart.

Type 102
DECADE RESISTANCE BOXES

For general laboratory use the most convenient resistance arrange-
ment is that of decade units. By such a method it is possible to get
nearly anv value of resistance desired. Such units are compact and
rugged. With the use of multiple-leal contact brushes with each leaf
making mdependent contact, and with the ends of these brushes so cut
that they are not tangent to the path of travel, thereby preventing the
cutting of grooyes in the contact studs, the dial method of mounting
decade resistance units is fast replacing the older and less satisfactory
plug method of connection. This newer method eliminates the incon-
venience of the shifting of plugs, and also their high contact resistance.
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The General Radio Type 102 decade units are mounted on bakelite
panels with engraved lettering, and are enclosed in walnut boxes. The
exposed metal parts are finished in polished nickel.

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

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

The accuracy of the 0.1 ohm units, including switch contact resist-
ance, is 1%, that of the 1 to 5 ohm units .25%, and that of the larger
units .1% on direct current. At 1,500,000 cycles the accuracy is 5%.
The wire used has a practically nil temperature coefficient of resistance
and contains no iron,

Type Units Code Word Price

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

102E 10 one ohm coils DECRY 24,00
10 ten ohm coils

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

102F 10 one-tenth ohm coils DELTA 30.00

10 one ohm coils
10 ten ohm coils

102G 10 one ohm coils DIGIT 32.00
10 ten ohm coils
10 one hundred ohm coils

102K 10 one-tenth ohm coils DEFER 42.00
10 one ohm coils
10 ten ohm coils
10 one hundred ohm coils

102] 10 cne ohm coils DEBIT 50.00
10 ten ohm coils
10 one hundred ohm coils
10 one thousand ohm ceils

102L. 10 ten chm coils DECAY 85.00
10 one hundred ohm coils
10 one thousand ohm coils
10 ten thousand ohm coils

The above Decade Resistance Boxes have the following weights
and dimensions:

Number of Dials Dimensions Weight
2 738" x 5" x 414" 2% |lbs.
3 107 x 5” x 434" 4 |bs.
+ 125" x 534" x 515" 5 lbs.
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Type 210
RATIO 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 is 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 Ayrton-Perry type, described
in our Bulletin 2050. They are non-inductive and have very low dis-
tributed capacitance. The current carrying 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.... TSSO . A 0|
Dimensions ?/” 57x4” \\’eight 274 1bs.
Code Word “RABIS

A galvanometer shunt has two general uses, as a means of pro-
tecting the galvanometer from injury while adjustments are being made,
and to extend its range. 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-
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BRIDGE

UNIVERSAL GALVANOMETER SHUNT
TYPE 220 SERIAL NIO4
GENERAL RADIO 0O
CAMERIDOE  WMASS

Type 229
GALVANOMETER SHUNT

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 following equation:
(Re+R)
Ip=I¢ ——— N

R
900w
f R
BRIDGE GALV

90 w

9w
I w
A

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

Re-+R.

with the tap switch on unity is - R

should be large compared to Rg for maximum sensitivity.

When used in connection with the ballastic galvanometer method of
comparing capacities, the constant resistance across the galvanometer
terminals is a distinct advantage, as it insures constant damping for all
shunt settings.

The General Radio Type 229 shunt is of the Ayrton-Mather
Universal type described above. The total resistance is 1000 ohms.

It is therefore important that R
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Taps are provided for ratios of 0.001 —0.01 —0.1. A short circuit
point is also provided to give complete protection to the galvanometer
when so desired. The control is by means of dial switch.

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

Type 229 Universal Galvanometer Shunto.oceoen $25.00
2y

Dimensions 5”x314”x3”14. Weight 1 Ib.

Code Word “GAVOT.”

ISTOR

RES
PHANTOM '"E
ot 5!“ "‘E [+ 8

OHMS 2 I‘_
] ﬁ"‘b‘. #

Type 125

PHANTOM ANTENNA RESISTOR

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

This resistor finds many other uses about the laboratory, wherever
an accurate resistance of high current-carry’ng capacity is required.

These units are wound on asbestos-board forms, mounted verti-
cally, an arrangement which insures a good circulation of air. The
resistance material is in the form of a r'bbon, and has a very low tem-
perature co-efficient of resistance and a constant resistance up to 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 125A of 4 units of 4 ohms
each, and Type 125G of 2 units of 2 ohms each. The separate units
of Type 125A have a carrying capacity of 5 amperes and those of Type
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125G 15 amperes. It is possible to connect these units so as to obtain
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 o 5 113 2 119 15’ 149
§ 5 4 « 15 ¢
12 1 5 113
16 149 5 "
Type 125A Phantom Antenna Resistor $15.00

Dimensions 734" x 6” x 434”. Weight 3%4 lbs.
Code Word “RAVEN.”
Type 125G. Phantom Antenna Resistor.... ... $28.00
Dimensions 1034” x 794" x 514”. Weight 7 lbs.
Code Word “REBEL.”

The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus. Our line includes
the following:

Standards of Inductance Galvanometer Shunt Miscellaneous

Standards of Resistance Vernier Condenser Apparatus

Standard Condensers Audibility Meters Piezo Oscillator

Precision Conidensets and - Wavemeters Artificial Telephone
Wavemeters Oscillograph = Lines

VasiableAie Chnilansess Vibration Artificial Cable Units

Deiads Besiisnte Boses Variometers Attenuation Networks

Teleol . Galvanometer Lab. Potentiometers
ciephone Lransiormers  Capacity Bridges Ohmmeters

Vacqum Tube Oscillat_or Impedance Bridge ~ Amplification Test Set
Radio I'requency Oscillator Vacuum Tube Bridge Beat Frequency

- Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and ILaboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request.

Send for Laboratory Catalog “X”
GENERAL RADIO COMPANY

Manufacturers of
Radio and Electrical Laboratory Apparatus

Thirty State Street Cambridge, Massachusetts

(This Bulletin replaces Bulletin 212)
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Type 164
AUDIBILITY METER

If a telephone receiver in which signals are being received is
shunted by a resistance until the signals are just audible, the ratio of
the current in the telephone to the current in the shunt is an indication
of the strength of the signals. For instance, if the signal is just audible
when 99% of the detector current flows through the shunt and 1%
through the telephone receivers, the signal is said 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:

ST
K= F—
S
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The increasing use of oscillating circuits for vacuum tube detectors
has necessitated the development of a special tvpe of meter for com-
paring the audibilities of signals. This is because the oscillating circuits
are affected by changes in their constants, very slight changes often
causing variations of telephone current quite out of proportion to the
cnanges introduced. A series resistance must be added in the plate
circuit to compensate for the reduction in resistance of that circuit
caused by the shunting of the telephone receivers. The elementary
connections of this meter are shown in the diagram. R is the resistance
used to shunt the telephone receivers and R# is the compensating re-
sistance. As R decreases, R? increases.

--—-—ﬁz

%

%

DETECTOR
TELELHONES

The Type 164 Audibility Meter is designed to keep the impedance
of the oscillating circuit practically constant when used at 1000 cycles.
It is adapted for use with any good 2000 ohm 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 left 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 $32.00
Dimensions 8” x8” x4”. Weight 3 Ibs.
Code Word “AWAKE.”
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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 has a rating of 22 watts with current
in the entire winding.

The Type 371 Potentiometer is made in the following ratings:

Resistance Current Code Word

5 Ohms 2.1 Amp. RELAY

900 150 MA REDAN

2,500 90 MA REFIT

5,000 65 MA ROTOR
10,000 45 MA ROWDY

18,000 35 MA RULER

Type 371 Potentiomibter s £5.00

Dimensions 3}4” x 314”. Weight 4} oz.

In ordering, be sure to specify resistance desired.
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The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus. Our line includes
the following:

Standards of Inductance Galvanometer Shunt Miscellaneous

Standards of Resistance Vernier Condenser _ _ Apparatus
Standard Condensers Audibility Meters Piezo Oscillator
Presision Condenstrs ard, . WaYemeters Artificial Telephone
Wavemstors $§glllog:'aph L (e l_j,lr_les
- e 1Ibration rtifictal Cable Units
Varable Alr- Coridensere Galvanometer Attenuation Networks
Decade Resistance Boxes Variometers Lab. Potentiometers
Telephone Transformers Capacity Bridges Okicrnisters

Vacqum Tube Oscil[at.or Impedance Bridge  Amplification Test Set
Radio Frequency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request,

(This Bulletin replaces Bulletin 215)
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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 is 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 stranded wire, having the
strands insulated from each other, the resistance of which is nearly con-
stant over a wide frequency range. Both the effect of the standard on
surrounding instruments, and the effect of external fields on it are
practically eliminated by the use of the astatic form of winding. In
this, the coil is wound in two sections, which are so assembled that their
external fields neutralize.

The coils are form wound, firmly bound, and securely fastened te
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 field of the coils, in fact 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 adjustment is
one-tenth of one per cent. The current carrying capacity of the milli-
henryv and smaller size coils is 2 amperes, that of the 5 and 10 millihenry
sizes 1 ampere, and that of the 100 millihenry coil ¥4 ampere.
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By the proper choice of inductance standard and bridge ratio the
type 193 bridge may be made direct reading by the use of these

inductances.

Type Inductance Code Word Price
106L. .10 Millihenry INNER $24.00
106G 1.0  Millihenry INERT 24.00
106] 10.0  Millihenrys IRATE 24.00
106K 100.0  Millihenrys ISLET 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 self or mutual inductance, these instruments have many uses such
as in filter circuits, radio flequency 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 usefulness 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 is a 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 two 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 self-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 little solid dielectric and little metal. This metal is non-
magnetic and so placed as to be in a very weak field.
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The entire instrument is mounted in a walnut case with engraved
bakelite panel. The metal parts are finished in polished nickel.

Attached to the bottom of each variometer case i1s a certificate
giving the maximum and minimum inductance when the coils are con-
nected in series. Calibration curves may also be supplied, for an addi-
tional charge of $5.00, giving the inductance throughout the entire
range for both the series and parallel connections.

Type 107F. About .02 to 4 M. Huoooooooooon $25.00

Carries 3 amperes continuously.

Code Word “HAPPY.”

Type 107G. About .10 to 4 M. H.....ocormcmrrrcrreon $25.00
Carries 34 ampere continuously,

Code Word “HARDY.”

Type J0THL.  About: 45600 18 M. Hcoitosmmsmmmbtdissib $25.00

Carries ¥4 ampere continuously.
Code Word “HAVEN.”

Dimensions 6” x6” x8”. Weight 434 lbs.

We are also prepared to build special inductance coils to specifica-
tion. Coils for filter circuits a specialty.
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The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus. Our line includes
the following:

Standards of Inductance  Galvanometer Shunt Mliscellaneous

Standards of Resistance Vernier Condenser _Apparatus
Srandatd Condenters .‘\ydlbllll}' Meters Piezo Oscillator
Precision Cond d Wavemeters Artificial Telephone
psiononacnsesand - Oscillograph Lines
Wavemeters Galvanometer Artificial Cable Units
Variable Air Condensers  Vibration Attenuation Networks
Decade Resistance Boxes  Variometers Lab. Potentiometers
Telephone Transformers ~ Capacity Bridges Ohmmeters

Vacuum Tube Oscillator ~ Impedance Bridge ~ Amplification Test Set
Radio Frequency Oscillator Vacuum Tube Bridge Beat I'requency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request.

(This Bulletin replaces Bulletin 307)
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 4050 JULY 1927

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.

The type 193 decade bridge contains the resistances Ra, Rs, and
Rc shown in the diagram. The null point indicator may be connected
so as to put Rc in either the unknown, or the standard arm. The
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resistances are non-inductive, being our standard decade units,.
described fully in Bulletin 2050

The cabinet is of polished walnut, fitted with a copper lining to-
shield the resistance units from outside electrostatic fields. The panel
1s of polished hard 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 use.

Resistance Measurements. In making measurements of resistances
the null indicator is connected between points 2 and 3, and the STD
posts connected together. Rc 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 Rc¢/Rs

This method may be used for either direct or alternating current
resistance by connecting a suitable source at I£. For resistance meas-
urements the accuracy of the bridge 1s .2%, 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 Rc in either the unknown or standard arm as required. The
function of Rc 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
is 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 =RaLs/Re

As the bridge is also balanced for resistance, the resistance of the
unknown is also indicated: :
Rx = Ra (Rs + Rc)/Re
if Rc was connected in the unknown arm or

Rx = Ra Rs/Rs — Rc¢

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:

o

Lx=RaReC
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 from about 20 microhenries to several
henries. e
Capacity measurements. I'or 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
standard at STD. With the bridge balanced, the solution of the net-
work gives the equation:

Cx = Rs Cs/Ra
[ Page 465 ]
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As before, the resistance balance gives the equation:

Rx =Ra (Rs 4+ R¢)/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 1s 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 dlfﬁculty 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 Ra and R~ and the extra
telephones T2 in the figure. The juncticn of Rx and Rwm is grounded
at J. With the switch open the bridge is balanced in the usual manner.
Closmg the switch, the secondary bridge consisting of Ry, Ry, Ra and
Re is balanced, using T2, All adjustments are of course made at Rx
and Rt in order not to upset the balance of the bridge. When no cur-
rent flows through T2, D is at ground potential. The switch is
opened, and the balance completed. Rar and Rx may be decade boxes.

Rn Rwm v

\N\MN\NW\MNV\AM*-’WVWWNWVW\MN

,___”____________A

=

.______________________I

Rec
RIGHT

1=1-10-100

OEO : b

BATTERY-OSCILLATOR

Standards. When the bridge is used for resistance measurements,
Rc is used for the standard. For inductance measurements our type
106 standard is recommended. By proper choice of standards the
bridge may be made direct reading.

Sources of EMF. For direct current measurements, a storage bat-
tery is of course used. While various forms of interrupters have been
developed for making inductance and capacity measurements, modern
practice leans to the use of a source of alternating EXM.F. Where one
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frequency (1000 cycles) is desired, our type 213 audio oscillator is
recommended. Where a variable frequency is required, our vacuum
tube oscillator, type 377, may be used to advantage.

Null Point Indicators. For direct current measurements a galvano-
meter is used. For alternating current a telephone headset or a
vibration galvanometer such as our type 338 is used. At 60 cycles par-
ticularly telephones are most unsatisfactory and the vibration galvano-
meter is quite sensitive. A two stage amplifier is very helpful with both
types of indicator. When making measurements of small capacitances
or large inductances the sensitivity of the bridge may be increased by
using in the detector circuit a telephone transformer, such as the General
Radio Type 166. The high impedance side, which is marked SEC, is
connected across the proper GALV binding posts and the telephone
receivers connected across the low impedance side,

Type 193. Decade Bridge ... SITA—. - | 1 51411
Size 17” x 10%4” x 5”. Weight 1234 Ibs.
Code Word “BIGOT.”
Type 213, Audio, Csellftor sucusmammins $32.00

Dimensions 6” x434” x5”. Weight 4% lbs.
Code Word “AUGER.”

Type 166. Telephone Transformer ... e $7.00
Size 234" x 2%"” x2Y4”. Weight 2 Ibs.
Code Word “TOPIC.”
Western Electric Receivers (Type 1002C) $12.00
The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus. Our line includes
the following:
Standards of Inductance ~ Galvanometer Shunt Miscellaneous
Standards of Resistance ~ Vernier Condenser _ _Apparatus
Standard Condensers Audibility Meters Piezo Oscillator
Precision Condensers.and  WAVeneters Artificial Telephone
Waemeters Oscillograph Lines
TN IE IR — Vibration Artificial Cable Units
Dicade Resich Box Galvanometer Attenuation Networks
ccage NESIStance DOXES  Wyriometers Lab. Potentiometers

'I?elephone‘ Transformers Capacity Bridges Ohmmeters
\ acium Tube Osmllat‘or Impedance Bridge ~ Amplification Test Set
Radio Frequency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request.

(This Bulletin replaces Bulletin 411)
Standardize on General Radio Apparatus Throughout.
[ Page 467"
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GENERAL RADIO COMPANY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 4100

JULY 1927

Type 216
CAPACITY BRIDGE

Description

For precise measurements of small capacitances or accurate deter-
mination of dielectric losses the ordinary type of bridge is unsatisfactory,
since the stray capacities in the circuit are of the same order of mag-
nitude as the capacity to be measured. A bridge for the measurement
of small capacitances requires complete shielding of all its elements.

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

In order to isolate the bridge from stray 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 very accurate adjustment of the re-
sistances possible. As the arms are identical, any slight changes of
power factor with frequency will balance and produce no resultant
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error. The third resistance arm may be connected in series with either
capacity arm as required to balance the bridge. A switch (F) is pro-
vided for convenience in making the change. This resistance is one of
our standard non-inductively wound decade boxes, mounted in a
shielded compartment.

It is very often desirable to calibrate a vernier condenser whose
total capacitance is of the order of three or four micromicrofarads. For
this work the bridge is first balanced, using capacitances of the order
of 1000 micromicrofarads. If one of the resistance ratio arms were to
be increased one part in one thousand i. e., from 5000 to 5005 ohms,
the ratio of the capacitances would be changed accordingly, which is a
change of 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

4-10- 100 1000%

this is too low. For this reason a telephone transformer with a primary
impedance of 200,000 ohms 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. LA

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.
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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 for 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 .5 MF. with great accuracy. The bridge is
capable of indicating an unbalance of one hundredth of a micromicro-
farad. The plobable error of measurement using our Type 222
Precision Condenser is about 1 MMF. When greater accuracy is 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 for
accurate work.

The bridge 1s 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 single ohm, however, may be a c0n31dcrab1q percentage
of the chance of resistance (Rc), and for this reason from 5-10% 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 54°F. this
sample had a capacitance of 11. micromicrofarads and a phase angle of
48’. When heated to 100°F. the capacitance had increased to 12.
micromicrofarads and the phase angle to 1°55”.

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

Type 216. Capacity Bridge ... $150.00
Dimensions 15" x 14”7 x7”. Weight 17 lbs.

Code Word “CIVIC.”

Type 213. Audio Oscillator ... SR e 32.00
Dimensions 6” x4/" 57, Weight 414 lbs.

Code Word “AUGER.”
Type 222. Precision Condenser. Max, Cap. 1500 MMF ... $ 80.00

Dimensions 9” x 814” x10”. Weight 15 Ibs.
Code Word “COPAL.”
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Type 246L. Balancing Condenser. Max. Cap. 1500 MMF....$ 28.00
Dimensions 7%5” x 7%5” x 8%". Weight 9 Ibs.
Code Word “CEDAR.”

Type 1002C. Western Electric Double Head Receivers.... $ 12.00
The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus. Our line includes

the following:
Standards of Inductance  Galvanometer Shunt Miscellaneous

Standards of Resistance Vernier Condenser Apparatus
Standard Condensers Audibility Meters Piezo Oscillator
Precision Condensers and YV avemeters Artificial Telephone
Wavemeters Oscillograph . Lines
Variable Air Condensers Vibration Artlﬁcza[_Cable Units
Decade Resistance Boges . 2alvanometer Attenuation Networks
Variometers Lab. Potentiometers

T‘r‘clephonei 'l‘ransf(?rmerls Capacity Bridges Ohmmeters
Vacuum Tube Oscillator  1py5edance Bridge  Amplification Test Set
Radio I'requency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request.

(This Bulletin replaces Bulletin 412)
Standardize on General Radio Apparatus Throughout.
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GENERAL RADIO COMPANY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 4150 JULY 1927

Type 240
DIRECT READING CAPACITY METER

The Type 240 Capacity Meter meets the demand for a reliable
direct reading capacity measuring instrument. It is especially adapted
to general laboratory and commercial uses in obtaining capacity meas-
urements ranging from .001 to 10 microfarads with an accuracy to one-
half of one per cent. Its simplicity of operation and general dependa-
bility make it invaluable in factory inspection work in measuring or
comparing capacity values.

The instrument consists of a capacity bridge with variable resist-
ances in the ratio arms and capacitances in the unknown and standard
arms. A schematic diagram of the whole assembly is shown on page
453, The input is from a specially designed microphone buzzer supplied
from a 4% volt dry battery contained in the case. Provision is also
made for the use of an external battery.
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The standard condenser, C, is built up of heavy brass plates inter-
spaced with mica dielectric, assembled under pressure and impregnated
with paraffin. It is firmly clamped in a heavy aluminum frame.

The entire assembly is enclosed in a polished walnut cabinet fitted
with nickeled lock. A substantial leather handle is provided on the

|_| BIINININ) =|
BUZZER

#
switcH =

BATTERY

cover of the cabinet to make it easily portable. The panel is of polished
hard rubber 34” thick carefully engraved with white enamel lettering.
All metal parts are of highly polished nickel finish. The three resist-
ance switches have double leaf blades and are so constructed as to
wear the contact surfaces of the switch taps evenly, eliminating
the tendency to groove the points. A pair of high resistance phones are
furnished with the meter and are contained in a compartment in the
cabinet.

OPERATION

Before operating the meter it is necessary to put the battery in
place as fellows: Remove the four screws at the corners and lift the
panel out. The battery is then slipped under the steel holder so that
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the terminals make contact with the metal strips on the ¢nds of the
buzzer leads. The panel may now be put back in place and the in-
strument is ready for operation.

The unknown capacity is connected to the two clips (at X in the
diagram). The three dials marked “Microfarads,” “Tenths,” “Hun-
dredths,” and the dial marked “Multiply By” are set approximately at
the capacity to be measured if it is known. The buzzer switch is turned
on and the dials are set, beginning with the dial marked “Microfarads”
and adjusting the three lower dials in turn until the minimum sound
is heard in the phones, then adjusting the dial marked “Power Factor
in Per Cent” until the sound heard in the phones is still further reduced.

The capacity is read on the three lower dials, beginning at the left.
The reading of the dials times the multiplier is the capacity in micro-
farads. The per cent power factor is read from the Power Factor dial.
For greater accuracy the multiplier dial should be set as follows:
For capacities from:

1 t10 M.F. multiply by 1.
fl A S MES & R
001 to .1 MF. < <« 001
0001to 00IMF. < < 0001

If the meter is to be stored or shipped the battery should be re-
moved, otherwise the electrolyte in the battery may run out and
damage the meter.

USES

The capacity meter is especially adapted to all uses where a con-
venient, rugged, and reliable instrument is desired for general labora-
tory and commercial use in measuring capacities. It is particularly
suited to the use of manufacturers of condensers for an inspection
instrument whereby condensers may be quickly and accurately tested
to a standard of capacity. When a condenser is being tested it is only
necessary to vary the setting of one of the capacity switches within the
limits of the tolerance allowed. The power factor dial offers a ready
means of detecting condensers with high losses. Because of its sim-
plicity of operation this instrument does not require a skilled operator
and will not easily get out of order.

Type 240 Capacity Meter. £80.00
Dimensions 7”x6”1414”. Weight 104 Ibs.
Code Word “CYNIC.”

The resistances M and N are wound on thin bakelite strips to
reduce distributed capacity and inductance. R is a rheostat of 120
ohms resistance.
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The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus. Our line includes

the following:
Standards of Inductance  Galvanometer Shunt Miscellaneous

Standards of Resistance ~ Vernier Condenser Apparatus
Srandard Condensers Audibility Meters Piezo Oscillator

= Wavemeters Artificial Telephone
PI‘CCTISIOH Condensers and Oscillograph Tines

Wavemeters Vibration Artificial Cable Units

Variable Air Condensers Galvanometer Attenuation Networks
Decade Resistance Boxes Variometers Lab. Potentiometers
Telephone Transformers  Capacity Bridges Ohmmeters

Vacuum Tube Oscillator ~ Impedance Bridge ~ Amplification Test Set
Radio Frequency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request.

(This Bulletin replaces Bulletin 413)
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The resistances M and N are wound on thin bakelite strips to
reduce distributed capacity and inductance. R is a rheostat of 120
ohms resistance.

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

The entire assembly is enclosed in a polished walnut cabinet fitted
with nickeled lock. A substantial leather handle is provided on the

[
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cover of the cabinet to make it easily portable. The panel is of polished
hard rubber 38" thick carefully engraved with white enamel lettering.
All metal parts are of highly polished nickel finish. The three resist-
ance switches have double leaf blades and are so constructed as to
wear the contact surfaces of the switch taps evenly, eliminating
the tendency to groove the points. A pair of high resistance receivers
is furnished with the meter, which contains a compartment for them.

OPERATION

Before operating the meter it is necessary to put the battery in
place as follows: Remove the four screws at the corners and lift the
panel out. The battery is then slipped under the steel holder so that
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the terminals make contact with the metal strips on the ¢nds of the
buzzer leads. The panel may now be put back in place and the in-
strument is ready for operation.

The unknown capacity is connected to the two clips (at X in the
diagram). The three dials marked “Microfarads,” “Tenths,” “Hun-
dredths,” and the dial marked “Multiply By™ are set approximately at
the capacitance to be measured if its order of magnitude is known. The
buzzer switch is turned on and the dials are set, beginning with the dial
marked “Microfarads,” and adjusting the three lower dials in turn until
the minimum sound is heard in the receivers, then adjusting the dial
marked “Power Factor in Per Cent” until the sound heard in the re-
ceivers is still further reduced.

The capacitance is read on the three lower dials, beginning at the
left. The reading of the dials times the multiplier is the capacitance in
microfarads. The per cent. power factor is read from the Power Factor
dial. For greater accuracy the multiplier dial should be set as follows:
For capacities from:

1 to 10  M.F. multiply by 1.
01 w il A ME T i e
0.01 to .1 MF. “ * 001
0001 to 0.01 MLF. ¢ “0.001

If the meter is to be stored or shipped the battery should be re-
moved, otherwise the electrolyte in the battery may seep out and
damage the meter.

USES

The capacity meter is especially adapted to all uses where a con-
venient, rugged, and reliable instrument is desired for general labora-
tory and commercial use in measuring capacitances, It is particularly
suited to the use of manufacturers of condensers for an inspection
instrument whereby condensers may be quickly and accurately tested.
When condensers of supposedly the same capacitance are necessary
to vary the setting of one of the capacity switches within the limits
of the tolerance allowed. The power factor dial cffers a ready means
of detecting condensers with high losses. Because of its simplicity of
operation this instrument does not require a skilled operator and will
not easily get out of order.

Type 280 CApRtIO IVISIEEL i s _$80.00
Dimensions 7”x6”14%4”. Weight 1024 Ibs,
Code Word “CYNIC.”
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The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus. This apparatus in-
cludes the following:

Standards of Inductance  Galvanometer Shunt Miscellaneous

Standards of Resistance  Vernier Condenser Apparatus
Standard Condensers Audibility Meters Piezo Oscillator
Precision Condensers and. - Wavemeters Artificial Telephone
Wavemeters Oscillograph e Lines
Variable Air Condensers Vibration Artificial Cable Units
Decads Pesiitante Boses Galvanometer Attenuation Networks
et : Variometers Lab. Potentiometers

'[:elephm::e Transformers Capacity Bridges Ohmmeters
Vacuum Tube Oscillator  [mpedance Bridge ~ Amplification Test Set
Radio Frequency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request,

(This Bulletin replaces Bulletin 4050)
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 4200 JULY 1927

Type 361A

VACUUM TUBE BRIDGE

The uses of the three-electrode vacuum tube have become so mani-
fold that the study of its various characteristics is of considerable
importance. Several tube-testing devices have 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
“dynamic characteristics” of a tube are of more fundamental import-
ance. To obtain such data it is necessary to apply an AC potential to
the grid of the tube and to make use of certain balanced-bridge meas-
urements,
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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 tube, 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 for 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 tube 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 circuit. Thus, by varying the filament voltage,
plate voltage and gnd bias (by means external to the bridge) 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 easily 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 qulcklv the three dynamic characteristics mentioned above
for any particular specifications of filament voltage, plate voltage and
grid btas Thus, in a similar manner, the “dynamic characteristic
curves” of a partlcular tube may be easxlv and rapidly obtained and
research or routine inspection work greatly facilitated.

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

The units constituting the bridge may be arranged in any of the
accompanying circuits by manipulation of the keyv 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 bridge) is adjusted until the
drop through it due to current from the tone source balances the potential
(UEg) resulting in the plate circuit from voltage (Eg) impressed on the
grid. Minimum tone in the telephones indicates the balance point. Eg
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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 It is the current from the tone source
UEg is opposite in phase to Ra It
Eg=10It
L':R\/IG
The resistance (Ra) is numerically equal to 10 U, and the decade
resistance system is calibrated directly in terms of amplification con-
stant.

A variometer, by means of which the quadrature component of
e.m.f. introduced by the tube capacity may be balanced out, greatly
[ Page 4781
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facilitates the balance. The constant may be read to two 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. RB 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 It=1000 Ir
Ir=UEg/(Rp-+1000)
Eg=It (Rs+10)
Substituting and dividing: Ra=1000 (Rs+10) U (Rp+1000)
But: U=Ra/10
Hence: 100 (Re+410)/(Rp+1000)=1
Giving: Rp=100 R=s
Re is calibrated to read directly in plate resistance.
As before use is made of the variometer in balancing out quad-
rature component in accurate adjustment of the bridge. Measurement
may 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 IT=100 Ir=100 UEg/(Rp--100)
Eg=1000 It
Ra=100,000 U/Rp (Rp is large compared to 100).
U=Ra Re/100,000
Mutual Conductance = U/Rr=Ra/100,000
Since the A arm is marked with 1/10 of its true resistance.
Mutual conductance in mhos=reading of A arm x 10-%,
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 1t across the plate battery, and throws in a multiplier.
The maximum reading 1s 200 volts. The ammeter i1s provided with a
shunt, reading 5 or 25 milliamperes maximum. A button type of switch
controls the shunt.

The Type 361-A Vacuum Tube Bridge recommends itself to the
use of laberatories 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 ... $220.00

Code Word “BIBLE.”

Dimensions 16” x 14” x 8”. Weight 21 Ilbs.
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GENERAL RADIO COMPANY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS
CAMBRIDGE, MASSACHUSETTS

BULLETIN 4250 JULY 1927

Type 383

PORTABLE CAPACITY BRIDGE

The measurement of small capacities is of great importance in sev-
eral branches of radio work. In the design of delicately adjusted re-
ceivers it is necessary to give considerable attention to the inter-electrode
(grid filament, plate-filament, and grid-plate) capacities of vacuum
tubes. For this reason, the measurement of these capacities is of par-
ticular interest both to tube and to receiver manufacturers. The very
small capacities involved (about 5 micromicrofarads) render the usual
type of bridge measurement not very satisfactory for this use. The
Type 383 Portable Capacity Bridge is particularly designed for this
type of work.

A conventional type of bridge circuit, as shown on the next page, is
used, consisting of two resistance and two capacity arms. It is actuated
by a self-contained microphone hummer supplied from a 4)2-volt dry
battery. The output from the hummer, of about 800 cycles frequency,
is fed through a transformer to the bridge circuit. The transformer has
shielding between its primary and secondary, and is in addition wound
In two sections so as to reduce capacity effects. The phones are sup-
plied from another transformer, its primary connected across the bridge,
the secondary brought to the lower terminals in the photograph. Three
adjustments appear on the bridge panel, marked LOSS AD]J., ZERO
AD]., and CAPACITY. These correspond to the condensers labelled
LOSS AD]., VER,, and CAP,, respectively in the diagram. The LOSS
AD]. condenser, shunted across the resistance arms of the bridge, com-
pensates for the variation from zero of the power factor of the unknown

[ Page 480 |

File Courtesy of GRWiki.org



AMAAAAAA
YYVVVYV

SAMAAMAA

__|,|,|,_f 383 PORTABLE CAPACITY BRIDGE

GENERAL RADIO CO.
CANBRIDGE MASS.

capacity. This adjustment is not calibrated as it is not intended for
use as a means of measuring power factor. It is intended merely to
compensate for loss current in the condenser arm which might otherwise
render a balance of the bridge impossible. It is generally necessary to
make this adjustment only when rather high loss i1s associated with the
capacity under test. The ZERO ADJUST condenser is included across
the balancing condenser and the unknown in order to balance out stray
capacities of leads, sockets, etc. As the ratio arms and standard con-
denser are fixed, the total capacity in the fourth arm of the bridge,
which includes the unknown with its leads, the zero adjusting and the
measuring condenser must be constant for balance. In making measure-
ments the leads, sockets, or other apparatus associated are connected to
the terminals and the capacity of the ZERO AD]. condenser reduced
sufficiently to balance the bridge with the CAPACITY condenser set at
maximum capacity. The dial on this condenser is set to read 180 de-
grees out of phase with the capacity, i.e., the dial is set at 0 for maximum
capacity.

The unknown capacity is then connected and the condenser marked
CAPACITY rotated (reducing its capacity) until the bridge is again
balanced. The LOSS AD]J. condenser is adjusted as required in each
case. The capacity of the unknown condenser is obtained by multiply-
ing the reading of the measuring condenser by a factor appearing on the
dial.

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

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

The Type 383 Capacity Bridge is made in two models. One, with a
range extending to thirty micromicrofarads, is designed for the measure-
ment of small capacities. Another model, its range extending to 600
micromicrofarads, is particularly useful in matching condenser units for
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use in single control setups. The accuracy of the instrument makes it
very useful for this purpose, as 1t will show up smaller differences be-
tween such units than are permissible in the receiver. Its simplicity in
comparison with the quartz-controlled oscillators and other expedients
resorted to for condenser matching recommends it strongly.

A very useful adjunct to the capacity bridge is a two-stage amplifier
as described below. A vacuum tube voltmeter can then be used
to detect balance and a somewhat greater accuracy attained than is
possible with ear-phones. Another advantage of the voltmeter is that
it permits tolerance limits to be marked on the dial of the voltmeter,
a useful practice in factory inspection work.

Type 383 Portable Capacity Bridges:

Type 383-A (30 MMF)....... Price $80.00
Code Word “BRUIN.”
Type 383-B (600 MME ). s Price $80.00

Code Word “BUGLE.”

Type 415
LABORATORY AMPLIFIER

The sensitivity of a great many laboratory measurements can be
increased by the use of a properly designed amplifier. An amplifier
also makes possible the substitution of a visual for an auditory balance
of bridge circuits operating at 800 to 1000 cvcles., This feature is of ad-
vantage, for example, in connection with the Type 383 Capacity Bridge.
When this instrument is set up for factory test work, a vacuum tube
voltmeter may be used as an indicator, which greatly simplifies the
setting of tolerances. An amplifier is necessary also in making obser-
vation by means of an oscillograph such as the General Radio Type
338, where the circuit conditions must not be disturbed by the measuring

equipment.
| Page 482 }
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In the Type 415 Laboratory Amplifier, the necessary equipment and
batteries are contained in a single cabinet of stout construction. The
audio coupling units are mounted on our Type 274 plugs so that any type
of coupling unit desired may be used. This feature makes possible a
quick determination of the relative merits of different types of ampli-
fving systems. The output of the second tube may be connected di-
rectly to the output terminals cr by means of a plug base, to any form
of output coupling device desired. Four plug plates may be obtained
which may be used for mounting various types of coupling units.

The battery space is sufficient for four 22-volt batteries, one 4.5-volt
C battery and three 1.5-volt A cells. The amplifier is designed for use
with WX-12 or UX-199 (CX-12 or CX-299) tubes. A voltmeter in
the panel provides for proper adjustment of the filament voltages.

The input and output binding posts are our type 138-T permitting
connection by means either of wire leads or our Type 274 plugs.

Type 415 Laboratory Amplifier Price $40.00

(Without batteries, tubes or transformers.)

Code Word “ACRID.”

Weight, 11 lbs.; with batteries and transformers, 34 lbs.

Type 274 Four-Phog PIares .ol $ .75
Type 285-D Transformer 1:2.7 ratio mounted on plug plate........ 7.00
Type 285-H Transformer 1:6 ratio mounted on plug plate............ 7.00
Type 373 Double Impedance Coupler, mounted 7.50
Type 285-O Impedance-adjusting transformer for oscillograph ele-
ment mounted 2 . 8.00

Dimensions 6” x 7”7 x 18”. - Weight 10 lbs.

The products of the General Radio Company cover a complete line
of radio and electrical laboratory apparatus. Our line includes the fol-

lowing:
Standards of Inductance  Galvanometer Shunt Miscellaneous
Standards of Resistance Vernier Condenser ) _Apparatus
Standsid Conticiners Audibility Meters Piezo Oscillator

= Wavemeters Artificial Telephone
Preqlslon Condensers and Oscillograph Tisen

Wavemeters Vibration Artificial Cable Units

Variable Air Condensers Galvanometer Attenuation Networks
Decade Resistance Boxes Variometers Lab. Potentiometers
Telephone Transformers  Capacity Bridges Ohmmeters

Vacuum Tube Oscillator ~ Impedance Bridge Amplification Test Set
Radio Frequency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo—Couples Cable Testing and  Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request.
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GENERAL RADIO COMPANY
MANUFACTURERS OF '
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 5050 JULY 1927

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
high frequencies. In our types 127 and 170 Hot Wire Ammeters
careful design and good workmanship have produced an instrument
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which is electrically and mechanically goed, rugged 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 to
prevent oxidation. It is so proportioned that it works at a low tem-
perature and is of low resistance. These are two highly desirable
features, since the former permits reasonable overloading without
burning out, and the latter minimizes the losses.

The type of multiplying action is such that a more uniform scale
is obtained than with many hot wire meters. These meters have been
corrected for temperature so that there is very little shift of zero. Any
necessary correction may be made by adjusting a knurled screw. This
type of instrument 1s equally accurate on direct or alternating current
of any frequency.

These instruments are made in two general sizes. Type 127 is
the smaller, or three-inch size, and is made in three types, portable,
front-of-board mounting and flush mounting. Type 170 is the large
size and is made only in the portable type. It is mounted in a polished,
walnut case and fitted with carrying strap.

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

Range Resistance Code Word Case Price
100 M. A. 31.0 ochms EXULT Portable $20.00
250 M. A, 68 EVOKE Portable 20.00
500 M. A. 3.4 ¢ EXACT Portable 20.0C

1 amp. Z " EXCEL Portable 20.00

2 amp. 55« EXERT Portable 20.00

3 amp. 3 % EXILE Portable 20.00
- 5 amp. 16 EXIST Portable 20.00

10 amp. 08 EXPEL Portable 20.00
20 amp. 04 « EXTRA Portable 20.00
Galvanometer 44 ETHER Portable 20.00

Dimensions 434”x5”x314”. Weight 16 oz.
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Type 287
OHMMETER

There are many occasions in laboratories, service stations and
factories where an approximate measurement of resistance is required.
The type 287 Direct Reading Ohmmeter is designed for the quick deter-
mination of resistance where an approximate value is sufficient.

The type 287 Ohmmeter consists of a battery and meter in series
with a resistance which protects the meter from damage at short cir-
cuit, and provides a zero adjustment. The dial is calibrated directly in
ohms. Clip leads are provided for convenience in attaching the
instrument.

One of the greatest uses of the Ohmmeter is the checking of appar-
atus and tracing of circuits. Its indication of the actual resistance of the
circuit makes the Ohmmeter useful when the battery and telephone
method of tracing circuits is of little use. This feature makes it
possible to detect, not only open and short circuits, but also wrong con-
nections, since the resistance between two points will indicate the instru-
ments in circuit.

Before using the Ohmmeter, the zero should be checked by connect-
ing the terminals together. The knob should then be adjusted until the
meter needle registers zero resistance (short circuit). The short circuit
is then removed from the meter and it is ready for use. If the meter is
to be shipped or stored for a considerable length of time the battery
should be removed lest the acid injure the cabinet.

Type 287A. Range 0 to 5000 ohms........... . Price $25.00
Code Word “ONION”
Type 287B. Range 0 to 2000 ohms..oooe . Price $25.00

Code Word “ORBIT”
Dimensions 634”x534”x414"”. Weight 2}4 lbs.
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WESTON METERS

Supplementing our own line of hot wire ammeters, we can supply
Weston direct-current volt meters, direct-current ammeters and thermo-
ammeters. These meters are all the 3” size, flush mounting with black
japan finish. They are similar in appearance and interchangeable with
our Type 127-A Hot Wire Ammeters.

Model 301—Direct Current Voltmeters

Range Code Word Price

4 volts AUTOBALANCE $8.00
10" volts AUTOBATH 8.00
15 volts AUTOBASKET 8.00
50 volts AUTOBATTLE 8.00
100 volts AUTOBAT 13.00

Higher ranges using external shunts may be supplied, if desired.

Model 301 —Direct Current Ammeters

Range Code Word Price

5 milliamperes AUTOGALE $10.00
100 milliamperes AUTOGAGE 8.00
200 milliamperes AUTOGASKET 8.00
1.5 amperes AUTOCAB 8.00
3 amperes AUTOCOFFER 8.00
5 amperes AUTOCOMB 8.00
10 amperes AUTOCOUPLE 8.00

Model 425—Thermo-Ammeters

Where quickness in movement and low meter energy consumption
|

are important features, we recommend the use of thermo-ammeters in
place of hot wire ammeters for measuring antenna currents.
Range Code Word Price
1.5 amperes THIAZIN $17.00
3 amperes THIBET 17.00
5 amperes THICKISH 17.00
10 amperes THIELT 18.00
20 amperes THIENYL 18.00
115 milliampere Galvanometer THIETSELE 18.50

(This Bulletin replaces Bulletin 506)
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 5100 T ~ JULY 1927

THERMO-COUPLE
TYPE 134D SERIAL N2348

GENERAL RADIO CO.
CAMBRIDGE, MASS.

r"’\,\
A

Type 134
THERMO-COUPLE

Due to the comparatively large 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-couple depends on the behavior of joints
of dissimilar metals when heated. When small joints of unlike metal
arec welded together and heated, a direct voltage is generated. In the
Type 134 Thermo-Couple a junction composed of copper and con-
stantan i1s 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 generates a direct voltage.

The Type 134 couple is designed for use with our Type 189 and
150 microampere galvanometer. When used with this instrument, a
current of 50 milliamperes in the heater coil gives full scale deflection
on the meter.

The resistance of 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. i $6.00
Dimensions 2” x3” x134”. Weight 4 oz
Code Word “TABBY.”
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Type 189
POINTER GALVANOMETER

Most laboratories 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 rugged. The type 189 gal-
vanometer is adapted for just such service,

This instrument is of the ID’Arsonvai type, using the strained sus-
pension which permits of greater sensitivity than the pivot type and
requires no leveling. The coil 1s wound on a damping form and ad-
justed to bring the coil just under critical damping. The construction
is such as to allow a safe clearance between the coil and the shoes of
the magnet poles, thus preventing interference from chance lint or dust
particles.

The suspension is of phosphor bronze rolled into a thin strip. The
spring support for the suspension is such as to take up 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 galvanometer
pointer is fitted with a zero adjustment, and a clamp.

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

The case is of polished walnut and the metal parts are finished in
polished nickel. A convenient leather carrying strap is provided.

Approximate

Approximate Microamperes Code Word
Type Zero Resistance full scale
189E left 10 chms 150 GABLE
189F centre 10 ohms 75 GAILY
189H left 100 ohms 50 GALOP
189] centre 100 ohms 25 GAMIN
189L left 2000 ohms 10 GAZEL

Size 5”x 5"\3/” V\’clght 2% lbs.

Brve BlBYPEE . o bt s st $36.00
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 6050 JULY 1927

Type 213

AUDIO OSCILLATOR

A multitude of Bridge measurements require a dependable source
of alternating current of low power. The frequency must remain con-
stant. The auppl\ source should also be simple in its operation, rugged
and reliable. It was to meet these requirements that the General
Radio Type 213 Audio Oscillator was designed.

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

Point Voltage Current

Low 0.5 volts 100 milliamperes
Medium 1.5 volts 40 milliamperes
High 5.0 volts 12 milliamperes
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For some capacitance measurements it is desirable to use a high
voltage. This increased voltage may be obtained by connecting an
inductance and capacitance in series across the hlgh voltage output
terminals of the oscillator. By adjusting this circuit to resonance,
voltages as high as 50 or 100 may be obtained by connecting output
leads across the condenser. This instrument will operate satisfac-
torily on from four to eight volts. The input current is approximately
0.13 ampere. When running, the oscillator may be heard for a dis-
tance of approximately twenty-five feet, or may be made silent by
enclosing in a sound-proof box.

The ciréuits of this oscillator are shown in the diagram. The
closing of the switch places the field magnetizing coil directly across
the battery. Also across the battery is the primary of the input trans-
former in series with the microphone button. The resonance circuit
consists of the secondary of the input transformer, the primary of
the output transformer, the armature coil and the condenser. The
output transformer secondary has three taps to permit the obtaining
of three different output voltages. The use of the two transformers
prevents the output wave from containing any direct current compo-

nent. Each transformer core has a small air gap to prevent distortion
of the wave form. Since, however, the magnetic circuits are all nearly
closed iron paths there is very little outside field. This feature is
particularly important where the oscillator is being used in close prox-
imity to the bridge. The tuning fork insures that the frequency be
kept constant and at 1000 cycles. The resonance circuit is carefully
adjusted to this value. Since the oscillator is self-starting, it may be
located at a point distant from the bridge and operated by a switch
placed at the bridge.

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

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

It should, of course, be understoed that this oscillator is not in-
tended to displace the larger types of oscillators used where several
watts of output are required. It is intended rather for general lab-
oratory use where power of good waveform is desired for a single bridge.
As the pureness of waveform is dependent on the load on the oscillator,
whenever a pure waveform is essential the oscillator should not be
overloaded. This oscillator is adapted for the usual alternating current
measurements of inductance and capacitance.

The oscillator is mounted in a polished walnut box and has an en-
graved bakelite panel. The exposed metal parts are finished in pol-
ished nickel. The control switch is easily accessible and is of the
convenient lock button design.

Type 213 Audio Oscillator.... e $32.00
Dimensions 6”x434”x5”. Weight 45 Ibs.
Code Word “AUGER.”
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The products of the General Radio Company cover a complete line
of radio and electrical laboratory apparatus. Our line includes the fol-
_lowing:

Standards of Inductance  Galvanometer Shunt Miscellaneous

Standards of Resistance ~ Vernier Condenser Apparatus
Srandsrd Condensers Audibility Meters Piezo Oscillator

B Wavemeters Artificial Telephone
Prec:zsnon Condensers and ()| ograph Tines

~Wavemeters Vibration Artificial Cable Units

Variable Air Condensers Galvanometer Attenuation Networks
Decade Resistance Boxes Variometers Lab. Potentiometers
Telephone Transformers  Capacity Bridges Ohmmeters

Vacuum Tube Oscillator ~ Impedance Bridge =~ Amplification Test Set
Radio Frequency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request.

(This Bulletin replaces Bulletin 720)
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 6100 JULY 1927

TYPE 377

LOW FREQUENCY OSCILLATOR

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

In consequence of a licensing agreement with the Radio Corpora-
tion of America, the General Radio Company is now able to supply
such an oscillator for laboratory use.

The Type 377 Vacuum Tube Oscillator has a frequency range of
from 60 to 75,000 cycles, extending through the audio and carrier fre-
quency ranges into the lower radio ftu;llnnuu The simplified circuit
of the oscillator is shown in Fig. 1. The frequency of the oscillating
tube (left) is controlled by tuning the plate circuit. The output of the
oscillating tube is fed through a coupling potentiometer to the amplifier
tube (right). The plate of the amplifier tube connects direct to the
output terminals. The paralle! feed system of plate supply is used on
both tubes.
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The front panel assembly of the oscillator is shown on the first page
of this bulletin. The meters are so equipped with switching arrange-
ments that filament or plate voltage and oscillator or amplifier plate
current may be read. The two switches directly under the meters are
the transfer switches.

The output of the oscillator is adjustable and may be held constant
over the [requency range by means of the potentiometer coupling to the
amplifier tube, The resistance marked reepsack is in the plate of the
oscillator tube, and controls oscillation. For most satisfactory wave
form the feedback control should be set at the point at which the tube
just begins to oscillate.

The frequency is continuously variable by means of the seven con-
trols on the lower part of the panel. There are three coils so tapped as
to give six switch positions, and a decade capacity system extending
from 001 MF. 1o 10 MF. An air condenser with maximum of 0.0011
MF. makes the capacity svstem continuously variable.

FEEDBACK |
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Fig.l ScHemaTic CircuIT l]

An approximate calibration giving the settings of the controls ar
frequency intervals of about ten per cent for the entire frequency range
is provided with each instrument.

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

The wave form of the oscillator output is very closely sinusoidal.
The largest single harmonic component in the voltage wave is of the
order of two per cent. Where particularly good wave form is required,
it is advisable to use tubes of the UX-210 type. Load does not affect
wave form unless the amplifier tube is overloaded. The load will not
affect the frequency, 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 a UX-210 tube, the output is about .2 watt
with 120 volts on the plate and about .5 watt with 220 volts on the plate.

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

INSIDE VIEW OF LOW FREQUENCY OSCILLATOR

Battery and output connections are carried through holes in the
cabinet and made to the back of the panel. No external binding posts
appear. The cabinet is strong enough so that the oscillator may be hung
from a wall by means of bolts through the back of the cabinet if desired.

Space sufficient for five blocks of plate batteries of the 314" x 234"
x 534" size is provided in the cabinet, providing 112.5 volts.

USES

The low-frequency oscillator will be found of great use in all meas-
urement work at audio, carrier and low radio frequencies. Among its
uses are bridge measurements of all kinds, studies of the response curves
of transformers and loudspeakers, and the study of filter character-
istics, and studies of cable and other dielectric behavior,

Other vacuum tube oscillators are under development.

Oscillators for special ranges and single frequencies (for laboratory
use only) will be provided to the customer’s order.

Type 377 Low Frequency QOscillator.....cimmn$350.00

Licensed under Pat. No. 1113149, for radio laboratory
experimental use only where no business features are
involved.

Dimensions, 1974" x 18" x 1024”. Weight, 50 lbs.

Code Word: “OMEGA.”
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The products of the General Radio Company cover a complete line

of radio and electrical laboratory apparatus. Our line includes the

following:

Standards of Inductance (_ial\'gnomelcr Shunt Miscellaneous

Standards of Resistance ~ Vernier Condenser ) Apparatus

Standard Condensgrs Audibili[}’ N[cters Plezo OSCil]atDl'

Precision Condensers and ga}*fmeters Artificial Telephone
A\ scillograph Lines

e Vibration Artificial Cable Units

Variable Air Condensers A T
Galvanometer Attenuation Networks

Il)‘e;:adl-f Reg;.sla nc[c Boxes v, riometers Lab. Potentiometers
LHSPIORE STAMOIIMSY: J Capatity Brdges Ohmmeters

Vacuum Tube Oscillator  [mpedance Bridge ~ Amplification Test Set
Radio Frequency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request,
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 6150 JULY 1927

Type 413

BEAT-FREQUENCY OSCILLATOR

In measuring loudspeakers and audio frequency systems, it is often
desirable to move through the entire frequency range quickly. The
conventional type of vacuum tube oscillator, although it may be so de-
signed as to be continuously variable, requires the adjustment of a num-
ber of controls in varving the frequency through the entire audio range.
As the change in frequency involved is large, about five hundred to one,
it cannot be obtained by the rotation of a single instrument of prac-
ticable construction. If, however, the measuring frequency is obtained
by beating two oscillators together, a small percentage change in fre-
quency of one of the oscillators will cause a relatively large change in
the beat frequency.

Supplementing its oscillators of conventional type, the General
Radio Company is manufacturing a beat frequency oscillator with a
range of approximately 20 to 9000 cyvcles. The Type 413 Beat-Fre-
quency Oscillator consists of two oscillator tubes, a detector, and an
amplifier tube. The frequency of one of the oscillators is fixed at about
60 kilocycles, while that of the other is variable from approximately 50
kilocycles to 60 kilocycles. Both oscillators are coupled to the grid cir-
cuit of the detector tube. The oscillators are so constructed and shielded
as to maintain a constant frequency over long periods without adjust-
ment. The system of coupling the oscillators to the detector, supplying
it with a low voltage from each oscillator is such that tendency of the two
oscillators to pull into synchronism as zero beat is approached is elimin-
ated. The detector output is fed through a Type 373 Double Impedance
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Coupler giving nearly constant amplification over the wide range of fre-
quencies used, to an ampliﬁer tube. The output of the oscillator is taken
off across a 10,000 ohm resistor used as a voltage divider, permitting the
adjustment of the output voltage without changes in the oscillator
circuit proper which might affect wave-form or frequency.

edl

oer

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

The Beat-Frequency Oscillator is designed for use with either
WX-12 or UX-199 tubes, space being provided in the cabinet for three
one and one-half volt dry cells and three twenty-two volt “B” batteries.
UX-201A tubes may be used with an external battery if desired. A
five-volt Weston meter on the panel, and a rheostat inside the cabinet
permit the adjustment of the filament voltage to the rated value. The
Type 413 oscillator has an output of about two and one-half volts. The
variation in output voltage over the frequency range is about 10%. The
wave-form 1s satlsfactor)r for most purposes, the total of harmonics
being at a maximum but 4% of the wave in voltage.

The Type 413 oscillator is useful in the measurement of all devices
intended for operation in the audio frequency range. It is particularly
helpful in the study of loudspeaker response curves, as the complete
frequency range at practically constant intensity is available by one-
half revolution of the main dial so that peaks or hollows in the response
of the speaker are immediately evident. Any tendency to blast at
particular frequencies is quickly revealed.
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The Type 413 Beat-Frequency Oscillator may also be used to mod-
ulate the output of the General Radio Type 384 Radio Frequency
Oscillator. The modulated radio frequency output thus obtained may
be used in testing receiving sets for both radio and audio frequency re-
sponse. The audio modulating frequency can be quickly compared with
the audio frequency output of the receiver with an oscillograph such as
the General Radio Type 338.

This instrument is licensed under Patent No. 1113149 by the
Radio Corporation of America for experimental laboratory use only
where no commercial features are involved.

Type 413 Beat-Frequency Oscillator Price $210.00
Without batteries or tubes.
Dimensions 12” x 8” x 20”. Weight, 27 pounds; with battery, 40 pounds.
Code Word “ORGAN.”

Type 384

RADIO FREQUENCY OSCILLATOR

A small radio frequency oscillator has a wide range of usefulness
in the laboratory. For maximum utility such an instrument must have
a wide frequency range and be readily portable. The Type 384 Oscilla-
tor has been designed to meet these requirements.

The Type 384 Oscillator is of the plug-in coil type. The range may
be extended from 15 to 30,000 meters by means of nine coils. A single
UX199 tube is used which permits an entirely self-contained instrument.
A plate milliammeter is provided to indicate oscillation.

The Type 384 Oscillator may be used as a source in high frequency
measurements of coils and condensers, or for the checking of receivers.
It 1s particularly useful for the latter purpose when combined with the
Type 384 Beat-Frequency Oscillator. The oscillator is provided with
mput terminals so that the beat oscillator may be used as a modulator,
In this manner the over-all receiver characteristics may be readily
checked, both radio frequency and audio frequency tests being made
simultaneously.
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The Type 384 Oscillator is also readily adapted to use as the
auxiliary oscillator in conjunction with the type 275 Piezo Oscillator
when using harmonics of the plate frequency for calibration of frequency
standards.

Type 384 R. F. Oscillator, without cotls......mmmmmmn Price $80.00
Code Word “ODIUM”.

The following coils are available for use with the Type 384 R. F.
Oscillator:

Type Range Code Word Price
384-A 15-30 meters HAZEL $3.00
384-B 30-80 o HEAVY 3.00
384-C 70-200 ¢ HELOT 3.00
384-D 190-575 « ~ HERON 3.00
384-I 565-1,760 ¢ HILLY 4.00
384-F 1,700-4.400 = « HINNY 4.00
384-G 4,400-12,000 HOARY 5.00
384-H 12,000-30,600 HOLLY 8.00
384-D 8 200-600 ¢ HOBBY 4.00

The products of the General Radio Company cover a complete line
of radio and electrical laboratory apparatus. Our line includes the fol-
lowing:

Standards of Inductance Galvanometer Shunt Miscellaneous

Standards of Resistance Vernier Condenser - _ Apparatus
Standard Condensers Audibility Meters Piezo (_)scrl[‘lalor
Precision Condensers and ‘vavemeters Artificial Telephone

Wavemeters Oscillograph Lines
Viariable Air Condensers ¥ ibration Artificial Cable Units

S ; salvanometer At ation Network
Decade Resistance Boxes \f'a(;’iil)metf?rs e i ‘lllfnll;men?ion(;teters )
Telephone Transformers oo . : S
; Capacity Bridges Ohmmeters
pacity .

Vacqum Tube OSCillat_O" Impedance Bridge  Amplification Test Set
Radio Frequency Oscillator Vacuum Tube Bridge Beat Frequency

Tuning Fork Oscillator Bridge Circuits for Oscillator
Thermo-Couples Cable Testing and Laboratory Amplifier
Hot Wire Meters Other Purposes Transformers, Fixed
Galvanometers Decade Condensers and Adjustable

Information and quotations on special apparatus will be sent on
request.

(This Bulletin replaces Bulletin 726)
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 7C5C e JULY 1927

Type 222
PRECISION CONDENSER

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

The General Radio Type 222 Precision Condenser is intended
for those places where precision is essential, rather than for use as an
ordinary laboratory experimental condenser. In its design, the me-
chanical as well as the electrical features have received special attention.

MECHANICAL. The plates are of heavy aluminum, widely

separated by accurately turned spacers, and firmly clamped between
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substantial cast metal end-plates. A steel shaft, carrying the rotating
plates, turns in cone-shaped bronze bearings. The adjustment is
locked after the condenser has been subjected to a rotation test to
insure the proper fit of the bearings.

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

ELECTRICAL. The stator plate assembly is insulated from the
rigid end-plates, carrying the rotar assembly, by Isulantite blocks.
As these blocks are small in volume, and placed in a weak, non-varying
clectrostatic field, the condenser has a very low power factor, .007%
at 1000 MMEF.

When using this condenser in measuring the power factor of ab-
sorbing condensers the fact that the field, where the Isulantite supports
are located, does not vary with condenser setting is of importance.
because it permits the assumption that the precision condenser is the
equivalent of two condensers in parallel, one being a perfect condenser
of variable capacity, the other a small fixed condenser with which is
associated all the dielectric losscs.
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The temperature ceeflicient of this condenser is practically nil,
and there is no change in capacity with frequency. The equivalent
series resistance at 1000 cycles and 1000 MNMIF. is approximately 11
ohms. The breakdown potential is about 1000 volts.

SCALES AND CALIBRATION. Attached to the main shaft
is a scale, divided into 25 equal parts, while on the worm shaft is a
second scale, the circumference of which 1s divided into 100 equal parts.
Since one complete turn of the worm shaft moves the main scale through
one division, the position of the rotary plates may be read directly to
1 part in 2500—equivalent to about 0.6 MMF. Since these sub-scale
divisions are 'z of an inch apart, it is easy to estimate to one-fifth of a
division. Iach condenser is supplied with a chart giving, with an
accuracy of 1 MMF., the condenser calibration at 26 points.

MOUNTING. The condenser is mounted on a ¥4 inch aluminum
plate, finished in permanent crystalline black. This plate forms the
top of the case, which is of polished walnut and lined with a copper
shield. In order that the condenser may be kept free from dust the
two scales are read through glass windows set into the aluminum top.
A hard rubber rotating handle extends into the box and engages the
worm shaft. The carrving handle and other metal parts are finished
in polished nickel.

A substantial whitewcod carryving case, provided with lock and
carryving handle, is furnished with each instrument.

Type 222L. Precision (ondenacr Vole oo AU =8 oS $80.00
Dimensions 834" x 5 \9" \\ cluht Ir’> lh:,.

Code Word “COPAL.”

Type 224
PRECISION WAVEMETER

Range 75-24,000 meters (4,000-12.5 kilocycles)
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This wavemeter is designed to provide an accurate instrument for
laboratory service, yet sufficiently portable for general measurement
work where precision is essential.

MECHANICAL. Since the condenser is the Type 222 described
above, it is not necessary to repeat its description here. The coil
mounting is rugged, and particular care has been taken to lock or pin
all parts to keep them secure. The coils are wound and mounted in
such a manner that the turns cannot become loose.

ELECTRICAL. A standard wavemeter must be sharp tuning.
This has been accomplished in the Type 224 wavemeter by the use of a
low loss condenser and by proper inductance design. In the design
of these inductances, of which there are five, attention also has been
given to the necessity for low dielectric losses, low distributed capacity,
good form factor, and a reasonable amount of overlap in wave length.

To insure accuracy under all conditions no extra circuits such as
a buzzer or detector are incorporated in the wavemeter. There is but
one circuit, the calibrated oscillating circuit, which consists of the
condenser, an inductance and a Weston thermo galvanometer for indi-
cating resonance. This circuit is so connected that the condenser rotor
plates, the condenser shield, the thermo galvanometer and the outside
of the inductance coil are at low potential. This prevents disturbances
due to variation in stray capacities.

SCALES AND CALIBRATION. The scale arrangement is the
same as is used on the Precision Condenser. Mounted calibration
curves are furnished for each coil. The standards used in calibrating
are checked by means of a series of quartz plates, used as described in
Bulletin 718. Harmonics of the plates were checked at low frequency
against a standard clock.

The accuracy of calibration of the Type 224 is 0.25%.

MOUNTING. The condenser is mounted in a polished walnut
case similar to that of the Precision Condenser. Each inductance coil
is enclosed in a walnut box with an engraved hard rubber panel stating
the wavelength range. The terminal blocks are so shaped that they
will fit on to the connecting bars in one way only, thus insuring that
each coil will always be connected in the same manner in which it was
calibrated.

A strongly built whitewood shipping case is furnished with each
wavemeter. Separate compartments are provided for the condenser
and coils. This case is fitted with a carrying handle and lock.

Type 224 Precision Wavemeter..... $190.00
Dimensions 18” x 11”7 x 11”.  Weight 34 Ibs.

Code Word “WAGER”

The Type 224L Precision Wavemeter is similar in general con-
struction to the Type 224, with such modifications as proved necessary
for short wave work.

Type 224L. 150600 MELCTS ..o Price $200.00
Dimensions 18%4” x 12%4” x 13”. Weight 4134 Ibs.
Code Word “UNDER.”

(This Bulletin replaces Bulletin 719)
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GENERAL RADIO COMPAXNY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

i JULY 1927

BULLETIN 7100

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 T'ype 332 Station Frequency Meter was devel-
oped for use by this class of station. It is not a fixed frequency indicator,
but a frequency meter covering a limited band on each side of the sta-
tion 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 or below its proper frequency. This greatly facilitates adjustment
of the transmitter.
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The instrument is of the usual wavemeter design, except that the
range is small, extending about 5% 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 with-
out making 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 10% of the operating frequency is spread over
the entire scale of the Type 332 Meter, the scale may be read directly
to .19%. The station frequency 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 circuit the resonance
point is indicated 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
control frequency meter for transmitting stations operating on a fixed
frequency.

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 Frequency Meter..—... ... .. e—— = $90.00

Dimensions 814" x 1034” x 814”. Weight i3 Ibs.

Code Word “SENNA.”
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GENERAL RADIO COMPANY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 7200

JULY 1927

Type 275
PIEZO ELECTRIC OSCILLATOR

The piezo electric properties of crystalline quartz make it particu-
larly well adapted for use as a frequency standard. Plates of this ma-
teriai when properly prepared, and placed in the circuit shown on page
804, will hold the frequency within very narrow limits. The oscil-
lating frequency is nearly independent of the electrical constants of the
circuit. The frequency is entirely dependent on the physical dimen-
sions of the quartz plate which may be ground very closely to specifica-
tions. The frequency is practically unvarying with temperature and 13
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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each oscillator, harmonics as high as the 300th may be utilized. Lower
frequencies than the fundamental may also be obtained by means of
of the auxiliary tube. The auxiliary tube is adjusted to the lower
[requency by tuning it for zero beat between its harmonic of the desired
order and the quartz-controlled oscillator. By means of this device, a
single plate may be used to obtain a great number of frequencies.

QUARTZ PLATES

Three classes of plates are provided. Where a wavemeter standard
1s desired, and the exact points of calibration are immaterial, a plate can
be provided without special grinding.  Plates of this class are provided
with the usual mountm'v. and the fundamental ftequencv measured to
better than 0.1%, engraved on the cover. They can usually be supplied
within 25% of any sp(*c1ﬁed frequency within the above range. By
making use of harmonics, one plate may be used for a number of
calibration points. Where a closer approximation to a specified fre-
quency is desired, plates may be provided within 5% of the required
nequenc__\,. Where the requirements are still more rigid, plates may be
ground to within 0.19% of the specified frequency. The calibration on
all plates is better th'm =+ 0.1%.

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 fre-
quency standard. As such it offers numerous advantages over the ordi-
nary standard wavemeter as a primary standard. The entire equipment
is considerably less bulky than the wavemeter, and the essential standard
of frequency, the quartz plate, is of vest-pocket dimensions. The
frequency is affected only by some change in the physical dimensions of
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the plate or in the holder clearances. The development of a small, reli-
able frequency standard suggests the possibility of uniform frequency
standards, provided by a central laboratory.

Type 375
STATION PIEZO OSCILLATOR

For broadcast station use there has been developed the Type 375
Oscillator. This instrument incorporates an oscillator, similar to the
Type 275, and a two-stage amplifier. The addition of the amplifier
makes this unit suitable for monitoring in the operating room. When
the Type 375 Oscillator is placed in the operating room, and connected
to a loudspeaker, the beat note becomes plainly audible when the sta-
tion frequency differs from that of the standard. The plate is supplied
in an adjustable holder which may be given its final adjustment at the
Bureau of Standards at the request of the broadcast station.

Licensed under U. S. Pats. Nos. 1450246 and 1472583 for experi-
mental use only.
Type 275 Oscillator
Dimensions 10”x11”x8”. Weight 16 pounds.
Price $60.00 Code Word “LABEL.”
‘T'ype 375 Station Piezo Oscillator, including two-stage Amplifier.
Dimensions 1374”7x13”x8”, Weight 19 pounds.

Price, without plate, $100.00 Code Word “LATIN.”
Type 276A Plates, unmounted, for amateur use, 150-170 meters.

Price $15.00 Code Word “LABOR.”
Type 376B Plates, mounted 25%.

Price $25.00 Code Word “LAGER.”
Type 376C Plates, mounted, ground to == 5% of specified frequency.

Price $35.00 Code Word “LAPEL.”
Type 376D Plates, m(,:nmted, ground to £=0.1% of specified frequency.

Price $50.00 Code Word “LARVA.”
Type 356 Plate Holder, for use only with Type 276A Plate.

Price $1.00 Code Word “LASSO.”

This Bulletin replaces Bulletin No. 724.
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 8100 JULY 1927

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
instrument 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-
factorv means for the visual examination of wave forms over a wide
range of frequencies. The wave of either current or voltage is traced by
the shadow image of a very fine vibrating wire rather than by a spot of
light reflected from a mirror attached to a moving system. The vibrat-
ing element can, accordingly, be made much lighter, resulting in an
increased sensitivity of the instrument. The uses for such an instru-

ment are manifold, as, for example: the observation of large or small
alternating currents in the laboratory, power house, or class room; the
visual examination of telephonic currents in simple or complicated cir-
cuits; the study of mechanical vibrations (when combined with some
form of microphone or magnetophone) occurring in moving machinery
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or in bridges or other 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 receiving 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 vibrat-
ing, 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-
damped, 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:

At - 60 oyl i 0.2 ml”l\-’()lts
At 250 ¢ el

At 500 <« . 24 =

At 1000. & i B %

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

At 60 cycles ... 0.0047 volts
At 250 ¢« .. 0.065 «
e S0 % i 0.50 A
AL IO et 1.31 Y

The resistance of the instrument strung with the 0.0004 inch tung-
<ten 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.

A rotating mirror box, Type 338-21.

An oscillograph base cabinet, Type 338-22.

A carrying-case, Type 338-12, for readily storing or transport-
ing the instrument.

5. A convenient piece of auxiliary apparatus consists of an ad-
justable 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.

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

The galvanometer is mounted upon the right-hand end of the
cabinet. It is sensitized by two permanent magnets, thus eliminating
the need of a source of direct current for producing the necessary mag-
netic field. Two specially shaped pole pieces afford a long, narrow,
vertical gap in which the string vibrates, and at the same time serve to
support the optical system, which consists of a large and a small con-
denser lens, together with a microscope objective. The large lens and
the standard automobile headlight bulb used are located in the lamp
chamber seen on the extreme right, while the two small lenses are
located within a tube passing through the pole pieces. All three lenses
are adjustable along the optical axis, while the lamp is adjustable in
three dimensions. This makes it easy to focus the system to give a
uniform field of illumination. A thumb-screw, located on the left end
of the lamp chamber, slides the optical system as a whole with reference
to the string and thereby focuses the shadow image of the same upon
the observing screen.

The string is mounted upon a metal rocker arm, which, in turn, is
attached to the rear of a vertical bakelite strip, shown in the photo-
graph. Two adjustment screws will be seen protruding through the
front of this strip. One of these varies the tension on the string, while
the other serves to move the string across the light beam in order to
center the image on the screen. Provision is made for damping the
vibration of the string, if desired, by means of two drops of oil. The
whole string assembly is readily removable, electrical contact being made
through two springs on the galvanometer base. Two string mountings
are provided with the equipment, one strung with a very fine tungsten
wire about .0004 inch in diameter, while the other is strung with a
coarser wire, These strings, which are each 4% inches in length, may
be considerably overloaded without damage. As they carry no mirror
their replacement, if accidentally 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
controlling the amplitude of vibration.

On the left of the cabinet is mounted the mirror box, which is like-
wise made of walnut. This contains a rotating octagonal metallic mirror
which affords the necessary time element of linear motion perpendicular
to the vibration. The mirror is mounted on the shaft of a small induc-
tion motor and is provided with jewelled bearings. This motor is of
simple construction, consisting of a circular disc, the periphery of which
passes through a gap in a rectangular, laminated core. The core is ener-
gized by a high impedance coil carn'mg a 60-cycle current and is sur-
rounded by two copper rings acting as “shading coils” around one half
of the cross section of each pole. The unsymmetrical distortion of the
resulting field affords the driving torque. This motor is not inherently
synchronous, as its speed may be controlled over a wide range merely
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by varying the voltage impressed on the energizing coil. This is done by
means of a potentiometer, the knob of which is seen in the center of the
cabinet. A very constant speed of any desired value may be maintained
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
2J% to 3 inches, giving a wavelength of about ' 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 cylin-
drical lens is mounted in the mirror box for concentrating the light
beam into a narrow line. This sharpens and intensifies the image con-
siderably. The front vertical wall of the mirror box is easily removable
for inspection and adjustment of the enclosed parts.

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

Type 338 Oscillograph, with Carrying-Case............200.00
Dimensions, 30” x 11”7 x 17”. Weight, 61 Ibs.
Code Word: “OFFER”

When the instrument is desired for use only as a vibration galvano-
meter it may be procured without the mirror box, but provided with a
tube having a small translucent 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.

Type 338-20 Vibration Galvanometer Complete, with
Carrying-Case $140.00

Dimensions, 30” x 11”7 x 17”. Weight, 53 Ibs.
Code Word: “OFTEN”

Rheostat, Type 340 $16.00
Transformer, Type 285-N 8.00
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GENERAL RADIO COMPANY

MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS

CAMBRIDGE, MASSACHUSETTS

BULLETIN 8150

R JULY 1927

Type 355
AMPLIFIER TEST SET

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

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

In the Type 355 Test Set all the necessary elements of a reliable
test set are assembled in a compact unit. All changes in connections
are made with quick throw switches. The cabinet also contains the
vacuum tube voltmeter and its plate and grid batteries. The whole
unit is assembled in a walnut case with bakelite panel.
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The circuit used in the Type 355 Test Set was chosen after an .
examination of the test methods used in a number of leading labora-
tories. A resistance (Rp in the diagram) is used to simulate the im-
pedance in series with the transformer primary. This resistance is
variable in 5000 ohm steps and covers the usual range of tube impe-
dances. A vacuum tube voltmeter is used as a measuring device. The
constants of the voltmeter are so adjusted that the grid of the voltmeter
tube cannot take current while the galvanometer is on scale.
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Figure 1

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

In order that the effect of winding capacitances may be reproduced
correctly it is desirable that the F minus terminals are connected to-
gether, both will be at ground A. C. potential, as under working con-
ditions.

The vacuum tube voltmeter is also used to check input voltage, a
transfer switch being provided.

The method of test is as follows: The input voltage is adjusted to
the desired value by adjusting the oscillator output. The voltmeter
is transferred to the transformer secondary, and the deflection of the
galvanometer observed. If the transformer secondary voltage is high
enough to send the galvanometer off scale, an additional adjustable
bias 1s switched in and the meter needle brought on scale. The volt-
meter is again switched to the oscillator output, and the potentiometer
adjusted until the reading is repeated. The voltage amplification of
the transformer is then indicated on the scale attached to the poten-
tiometer.
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When impedances, or other coupling devices whose ratio is less
than unity, are being checked, the multiplier resistance R* is connected
in circuit.

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

Operating Instructions

When the test set is received, the panel should be lifted out by
removing the eight thumb nuts and lifting straight out. A UX-199 or
C-299 tube should be placed in the socket and the two 22.5 dry batteries
connected. The dry cells should be Eveready No. 763 or like size. The
red wires are connected to the plus battery terminals. The batteres
are not connected together, The batteries are held in place by spring
clips.

In making amplification measurements with the Type 355 set, the
following procedure should be followed:

The transformer to be measured is connected to the proper ter-
minals, and connections made to the battery supplying the vacuum tube
voltmeter. The oscillator is connected and set in operation.

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

In adjusting the input voltage the position of the switch should
be as follows: Mult Scale—XI: Bias—Out; Fil—on; amp—amp. and
Input Voltage.

The galvanometer is set to zero deflection by adjusting Fil Rheostat
while the oscillator is disconnected or inoperative, and the input voltage
adjusted as follows: The AMPLIFICATION dial is set to the recipro-
cal of the desired voltage (0.5 for 2 volts, 1 for 1 volt, 2 for .5 volts,
10 for 0.1 volts, etc.). The oscillator output is adjusted until the volt-
meter registers 1 volt.

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

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

Where impedances or other units where the amplification is less
than unit, the X.1 scale multiplier is used. The procedure in measure-
ment is the same as with transformers, except that the reading of the
.{)&;\{)PILIFICA'I‘ION scale in measuring amplification is multiplied

y 0.1.

In setting the input voltage the AMPLIFICATION dial should

read as follows: For 1 volt read 10, for 2 volts 5, for 5 volts 2, etc.

Impedance coupling units are connected as shown in Fig. 2.
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Figure 2

If it is desired to measure the effect of direct current saturation
in the transformer primary, a battery and meter may be connected
externally, in series with the transformer. If this is done, the battery
should be disconnected when checking input voltage.

Type 355 Amplification Test Set........... Price $180.00

Dimensions 925” x 534” x 16. Weight 16 lbs.
Code Word “ABOVE.”
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GENERAL RADIO COMPANY
MANUFACTURERS OF
ELECTRICAL AND RADIO LABORATORY APPARATUS
(..‘AMBRIDGF., MASSACHUSETTS

BULLETIN 8200 ’ AUGUST 1927

MISCELLANEOUS TRANSFORMERS

There are many instances in radio and telephone work where cir-
cuits of different impedance are coupled together, requiring some form
of impedance adjusting device.

The General Radio Company manufactures an extensive line of
impedance adjusting units for various requirements. These include
both fixed ratio transformers for specific needs and variable ratio trans-
formers for laboratory use which may be adapted to a wide range of
circuit impedances.

VARIABLE RATIO TRANSFORMERS

For general laboratory purposes a transformer of variable ratio is
frequently convenient. Such a transformer may be connected in circuit
and the ratio adjusted until the maximum energy transfer is obtained.

The Type 359 Transformers are provided in several models, each
having a power rating of 25 watts. The ratio is varied on all types by
means of the switch, as illustrated. The primary coil in each case is
fixed, while the secondary may be adjusted to step down (ratios less
than unity) or to step up (ratios greater than unity) the impedance.

Types 359A to 359D inclusive are adapted for working out of cir-
cuits having impedances of from 6000 to 20,000 ohms, at frequencies
above 60 cycles. Types 359E to 359H inclusive are dcmgncd to give the
same variable ratios with the primary working out of circuits having an
impedance of the order of 600 ohms. Types 359C, D, G and H are
auto transformers, while Types 359B, E and F have separate primary
and secondary windings. They are provided with terminals to fit the
Type 274 plug, a convenient feature which facilitates circuit changes.
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Type 359A Transformer
Turns ratio (sec. to pri.) 0.025, 0.35, 0.5, 0.7, 1.0, 1.4.
Type 359B Transformer
Turns ratio (sec. to pri.) 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.
Type 359C Auto Transformer
Turns ratio (sec. to pri.) 0.025, 0.35, 0.5, 0.7, 1.0, 1.4.
Type 359D Auto Transformer
Turns ratio (sec. to pri.) 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.
Types 359A to D inclusive are designed to work out of circuits
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.) 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.
Type 359G Auto Transformer
Turns ratio (sec. to pri.) 0.025, 0.35, 0.5, 0.7, 1.4.
Tvpe 359H Auto Transformer
Turns ratio (sec. to pri.) 0.06, 0.09, 0.13, 0.18, 0.25, 0.35.
Types 359E to H inclusive are designed to work out of circuits
having impedances of 500 to 600 ohms.

Direct current (primary) resistance all types 400 ohms.

Type 359 Transformers.... Price $15.00

Dimensions 434" x 334” x 414”.
The Type 284 transformers are designed for remote control and
line amplifier work. Their power rating is 20 watts.

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

Turns ratio 1:15.7.

This transformer is designed for coupling a microphone of either
the single or double button type to the grid of the modulator tube.

Type 284D Plate to Telephone Line Coupling Transformer.
Turns ratio 3.6:1.

A transformer designed to work out of the plate of a vacuum tube
into the standard telephone line (500-600 ohms impedance).

Type 284E Telephone Line to Grid Coupling Transformer.
Turns ratio 1:7.3.

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

Type 284F Plate to Grid Coupling Transformer.
Turns ratio 1:2.

An interstage coupling transformer for use where good quality is
essential. The power rating is double that of our standard Type 285.
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Type 284 Transformers.............. . Price $12.00
Dimensions 434" x 374" x 234”. Weight 2%4 lbs.

Type 285M 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 1:15.7.
Dimensions 325" x 334" x 2}4”. Weight 134 lbs.
Type 285M Price $7.00

Type 285T is designed for use between circuits having approximately
the same impedance, in the neighborhood of 500 to 600 ohms where
it 1s desired to insulate such circuits from each other, as when
direct current flows in one, and is undesirable in the other.

Impedance Ratio 1:1.
Dimensions 312" x 334" x 2%5”. Weight 1% lbs.
3 874 TR ) R o R e S iy & B e B T Price $7.00

The Type 285N is designed to adapt the elements of the Type 338
Oscillograph to bridge circuits.
Ratio—Turns 18:1; Impedance 325:1.
Dimensions 3%5” x 314" x 214”. Weight 15 Ibs.
Type 285N ... : Price $8.00

POWER TRANSFORMERS

A number of other transformers will be found listed in Bulletin
No. 927. They include small power transformers, iron 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 to 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 General Radio Company
would be glad to determine specifications for any such transformers
designed to serve any particular purpose.
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TELEPHONE
TRANSFORMER
TYPE 166

GENERAL RADIO CO.
CAMBRIDGE MASS.

Type 166
TELEPHONE TRANSFORMERS

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

The winding i1s all on one leg of the core, but is in two separate
parts so as to be used as a primary and secondary. These windings,
however, may be connected in series should it be desired to use an
auto transformer connection. Taps are brought out on both the pri-
mary and secondary windings so that it is possible to vary the impe-
dance and the ratio of transformation. A small air gap is left in the
iron core to prevent any possible distortion of wave form due to satu-
ration of the iron. The panel is of bakelite with engraved lettering.
Nickel plated binding posts are used as terminals for the taps. The
following table shows the number of turns between each set of binding
posts:

PRIMARY SECONDARY
| 25 T I 150 Turns 5eB i snind 200 "Fufne
7 AR - i ) B 1% 1 5 1 BT o 2400 Tatns
3 SR 600 Turns T8 4800 Turns
Type 166 Telephone Transformer.....oo. $7.00

Dimensions 234" x 2%5"” x 2%4”. Weight 2 lbs.
Code Word “TOPIC.”
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