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BULLETIN 101 JUNE 1920

VARIABLE AIR CONDENSER
TyPe 101

For laboratory research work, panicularly with circuits carrying
ClIrrCIlIS of radio frequency, it is ohen desirable to have a variable
condenser who"c qualily is above that of the usual radio experimcmal
type. The losses should be small, and lhere should be but little change
in capacitance with age and with the moderately severe handling to
\\"hich an experimental condenser is subjcetcd. The Type 101 con
densers are built to meet Ihis general laboratory service. These con
densers have been manufactured in large quantities for several years
and Illay be found in nearly all of the morc importanl electrical lab
oratories in this country.

This condenser consists of a ~et of fixcd and a set of rotary
plalcs. both of which are semi-circular. These plates are of heavy
aluminum and are spaced sufficiently far apart to prc"elll short cir
cuiting or appreciable changes in cap.'lcitance with age. The end pieces
are of hcayr moulded bakelite. The shaft is of !'leel and has large
-15 degree angle cone bearings. accurately machined after the assembly
of the moving unit. This assures perfeet alignment. The bearings
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which support the steel shaft are of brass, positively locked in place.
When the condenser is completely assembled the moving plates are
given a rotation test to insure that the bearings are completely worn
in, thus eliminating the chance of any future changing, sticking or
binding.

A silvered etched dial with black filled lines and figures is fas
tened directly to the handle and sh..1.ft, rotating with them. The case
is of heavy brass with a permanent black crystaline finish. Care is
taken to have low resistance connections from both the moving and
stationary plates to the binding posts which arc mounted on the bake
lite top.

Since this condenser is rugged, has low dielectric losses and re
tains its calibration, it is very useful as a variable standard of cap
acitance.

All condensers are provided with a label giving maximum and
minimum capacitance readings. \Vhen so desired, a calibration curve
for the entire condenser may be furnished. This calibration is made
at 1,(XX) cycles with an accm3cy of .5%. The calibrated condensers
are fitted with an 8-inch extension handle for accurate setting. If so
desired, however, Ihe extension handle may be furnished with the un~

calibrated condensers.

Type lOlL Capacitance 1,500 Micromicrofarads $24.00
Dimensions 7"d x 7". Weight 5.J4 Ibs.

Code Word "CABIN."
Type 101M Capacitance 3,000 Micromicrofarads $29.00

Dimensions 7"d x 10". Weight 9 Ibs.
Code Word "CADET."

Type lot? Capacitance 5.000 Micromicrofarads $35.00
Dimensions 7"d x 10". Weight 10 Ibs.

Code Word "CANAL."
Calibration curve and extension handle with any of the above con-

densers $.i50
Extension handle $1.50

MICA CONDENSERS
Be('ause of the large size which would be required, it is imprac

tical to build air condensers larger than 5000 micromicrofarads. Above
this size mica condensers are preferable. Our line includes two type~

of mica condensers, the Type 221 which are single unit secondary
standards adjusted to better than .5'/0. and the Type 219 decade con
denser adjusted to approximately 1'/0.

The de<:ade condenser consists of one ten section unit with a total
capacitance of .1 microfarad, and one ten section unit with a total
capacitance of 1.0 microfarad. The capacitance of the decade units
is controlled by a rotary switch. thus permitting the obtaining of ally
capacitance from .01 microfarad to 1.1 microfarads by changes of .01
microfarad. These condensers will stand I()(X) volts and are moullled
111 polished oak cases. They are described in detail in Bulletin 102.
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VERNIER CONDENSER
Type 169

The increasing use of vacuum tube oscillating circllits where
resonance is very sharply defined has created a demand for a variable
condenser of small capacitallce. Very often a movement of less than
a single division Oil the ordinary variable air condenser will go beyond
the resonance point. The Type 169 Vernier Condenser has been
designed to go in parallel with the ordinary variable condenser so as
to obtain a very fillC adjustment. The spacing of the terminals is so
arranged that this condenser Illay be slipped directly across the binding
posts of any of our other condensers, thus permitting a parallel con
nection without using connecting wires.

The stationary plate may be varied in distance from the moving
plate thus permitting a variation in maximum capacitance frolll about
.5 to 10 micromicrofarads. A hard rubber extension handle is pro
vided to avoid effects frolll placing the hand too near the condenser.

This condenser is also useful in making measureme11lS of very
small capacitances, such as are possible with our Type 216 ("pacity
Bridge.
Type 169 Vernier Condenser $8.00

Dimensions 50" x 4%" x 2¥.i". \Veight ~ 100.
Code Word "CUBBY."

PRECISION CONDENSER
Type 222

\~'hcre great accuracy is desired we recommend the lise of our
Type 222 Precision Condenser. The construction throughout is un~

usually heavy and rugged. Dielectric losses aie kept at a minimum
by the use of a very small amount of low loss solid dielectric which is
all placed in a very weak field. The movement of the rotary plates
is controlled by a worm and gear. By the use of a primary and of a
sub-scale direct readings to one part in 2500 are obtained. This con
denser is fully described in Bulletin 702.
Type 222L Capacitance 1500 Micromicrofarads $9(}.00

Dimensions 8W:" x 8;4" x 9". \Veight 16 Ibs.
Code Word "COPAL."
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VARIABLE AIR CONDENSER
Type 182

This condell~er embodies many of the desirable featnres found in
the Type 101 condenser. Jt is. however. ,<;mal1cr and of 10\\'er cap
acitance, being particularly adapted for usc in r<ldio receiving sels and
wavcmcters. The mo\'ing plates arc so shaped as to obtain a nearly
uniform wave-length variation throughout the entire range of the
condenser. The case is of heavy brass with a permanent bl:tck crys
taline finish. This condenser is made in two capacitances, 700 and
1(0) micromicroiarads. and is fully described and priced in Bulle
tin 901.

The products of the General Radio Company cover a complete
line of high frequency radio laboratory apparatus. Information and
bulletins of special app."lratllS \\'il1 be sent on rC<ltlcst. OUT line in
cludes the followin~: Variable Air Condensers, Ver:lier Condenser,
Standard Condell:,ers, Decade Condensers. Variomctcrs. St"ndards oi
Inductance, Standards of Rcsislance, Decade Resistance Boxes, Wavc
l11cter~, Decade Bridge. Capadty Bridge. Slick Wire-Bridge, Audi·
bility Meters, Hot Wire }[eters. Galvanometers, Thermo-Couples, Tele
phone Transformer, Miscellaneous Apparatus.

All prices in this bulletin are strictly net, subject to change with
out notice, F. O. B. Cambridge, Mass. Cash should accompany orders
from JX:rsons or firms wilh ,,"hom we have nOI already opened ac
counts. Unless OIherwise inslruclcd we shall usc Ollr own judgment
regardfng method of shipment.



GENERAL RADIO COMPANY
~IA:;UF!lCTtll\ERS OF

HIGH GRADE RADIO LAJlORATORY APPARATUS
CA~IBRIDGE, MASSACHUSETTS

BULLETIN 201

STANDARDS OF RESISTANCE
AND.

DECADE RESISTANCE BOXES

APRIL 1920

The ideal standard of rcsislnllce for alternating currellt 111ca"me
men Is, :lad particularly for those al radio frequencies, is one which has
zero ch<mgc of resistance with age, changes of tClllperaltlrc or fre·
(!UCllty, and which has a 7.ero phase angle for all frequencies. By
selecting carefully the material on which the rc.si!'t'ancc coil is wOllnd.
the kind of wire uscd, ami taking caTe Ihat in soldering Ihe terminals
lhe connections are permanent and fTcc from ('orro$ion, there will be
no appreciable change ill resistance with age. As there arc several
alloys now available whose temperature co-efficient is vcry :-<111<1.11 and
is constant over a wide range, it is a simple mailer to determine with
high accuracy the change of resisfance' of a coil ror any ordinary work~
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ing temperature. To obtain zero change of resistance with frequency
and to obtain lOOlji power factor is a much more difficult proposition.
A change in resistance wi:h frequency is due largely to skin effect and
to the distributed capacitance of the coil. The phase angle change with
frequency depends only on the inductance and capacitance.

Several methods have been lIsed to reduce the inductance ami
distributed capacitance of resistance units. Thc Aryton-Perry method
lIsed in our coils is not only satisfactory electrically, but also mcchani
cally. This mcthod is illustrated by the diagram. The winding is

placed on a thill bakelite form. 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 direc
tion of rO'ation of the sccond winding is opposite frOlll that of the first,
thus making two crossings with the first wire in each complete turn.
This arrangement keeps the currents in the two wires flowing in oppo
site directions and at the same time keeps adjaccnt wires at nearly equal
potentials. This type of winding has the lowest distributed capacitance
and inductance of any of the cOlllmercially used windings.

The current carrying capacity of the one-tenth ohm units is one
ampere, that of the one ohm units one-quarter ampere, that of the tcn
ohm units onc-tenth ampere, and that of the one hundred ohm and
one thousand ohm units five-hundredths ampere. The accuracy of
these coils is .1 % on direct current and about 5% at l,500,OCX> cycles
(2CO meter wave length). The wire used has a practically nil tem
perature co-cfficient of resistance and contains no iron. These resis
tance units are furnished in two styles of mountings. as single unit
standards of resistance and as decade resistance boxes.

DECADE RESISTANCE BOXES
Type 102

For generallahoratory use the most convenient resistance arrange
ment is that of decade units. By such a method it is possible to get
nearly any value of resistance desired. Such units are compact and
rugged. \Vith the usc of multiple-leaf contact brushes "'ith each lcaf
making indepcndent contact, and with the ends of these brushes SO
cut that they arc not tangent to the path of travel, thereby preventing
the cutting of grooves in the contact studs, the dialmcthod of mounting
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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 possible loss.

The General Radio Co. Type 102 decade units are mounted on
bakelite panels with engraved lettering, and are enclosed in oak 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 complete lists of these decade boxes is as follows:

Code Word Price
DECOY $24.00

DECRY 25.00

DIVAN 28.00

DELTA 32.00

DIGIT 35.00

DEFER 47.00

T~,.pe

!02D

!02E

!02H

!02F

!02G

!02K

!02J

Units
10 one-tenth ohm coils
10 one ohm coils

10 one ohm coils
10 ten ohm coils

10 ten ohm coils
10 one hundred ohm coils

10 one-ten:h ohm coils
10 one ohm coils
10 ten ohm coils

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

10 one-tenth ohm coils
10 one ohm coils
10 ten ohm coils
10 one hundred ohm coils

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

DEBIT 53.00

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

Number of Dials
2
3
4

Dimensions
7t'§" x 5" x 4};t"
lOff X 5" x 4}f'
12%" x 5};t" x 50"

Page [203]

Weight
20 lbs.

4 Ibs.
5 Ibs.



STANDARDS OF RESISTANCE

Type 133

These resistance units are single coils, wound by the method de
scribed ;-tbove, and fitted with a suitable mounting. The case is of metal
with black crystalline finish. The panel is of ktkelite wilh engraved
lettering. These standards are made in the following seven convenient
sizes:

Type
133A
133B
133C
1330
133E
133F
133G

Resistance
ohm

5 ohms
10 ohms
50 ohms

100 ohms
500 ohms

10CJ0 ohms

Dimensions 3" d.

Code Word
Recur
Refer
Regal
Relax
Relic
Repay
Repel

x 2A". \Veight 11 oz.

Price
$700

7.00
7.0J
7.00
7.00
8.00
8.00

The products of the General Radio Company cov~r a complete line
of high frequency radio lahoratory apparatus. Information and bulle
tins of special apparatl1s will be sent on request. OUf line includes the
following: Variable Air Condensers, Vernier Condenser, Standard
Condensers, Decade Condensers, Variometers, Standards of Induc
tance, Standards of Resistance, Decade Resistance Boxes, \Vavemeters.
Decade Bridge, Capacity Bridge, Slide Wire Bridge, Audibility :Meters,
Hot \Vire r.'feters, Galvanometers, Thermo-Couples, Telephone Trans
former, r.fiscellaneous Apparatus.
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GENERAL RADIO COMPANY
~lA~UFACTUl<.eKSOF

HIGH GRADE RADIO LAI30RATORY APPARATUS
(,\-'1 BRIDGE, ~..rASSACIIUSETTS

BULLETIN 202 APRIL 1920

AUDIBILITY METER
Type 164

I f a telephone receiver in which signals arc being received i~

~htlntcd by a resistance until the signals afC just audible, the ralio of
the C\1Trent in the telephone to the current in the ShUllt is an indication
of the strength of the signals. For im,tancc, if the signal is just lHldiblc
when 99% of the detector current flows through the shullt aml 1'1...
through the telephone receivers, the signal is said to have an :\lIdihilil)'
of 100. If S is the impedance of the shunt and T the impedance of the
telephone receivers the audibility COlls,tant is given by the equation:

S-I-T
K~--

S
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. $36.00
Weight 3 lbs.

The increasing use of oscillating circuits for vacuum tube detec
tors has neccssitaled the development of a special type of meter for
comparing the audibilities of signals. This is because the oscillating
circuits are affccted by changes in their constants, very slight changes
often causing variations of telephone current quite out of proportion
to the changes 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 2 is the compensating resis
tance. As R decreases, R z increases.

i;l

~-R----J~
j ~

---=~_r
The Type 164 Audibility 1Il'Ieter is designed to keep the impedance

of the oscillating circuit practically constant when used at 1000 cycles.
Jt 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 oak case with engraved
hakelite panel. The metal parts are finished in polished nickel. The
contact arm is of laminated phosphor bronze and insures perfect con
tact.
Type 164 Audibility Meter .

Dimensions 7t,," d. x 4".
Code '\lord "AWAKE."

PHANTOM ANTENNA RESISTOR

Type 125

For many tests of transmitting apparatus, it is desirable to replace
the antenna by a local circuit, the constants of which arc more easily
and accurately determined. It also prevents interfering with neighbor
ing stations. The Type 125 Phantom Antenna Resistor is provided
for this purpose.
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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 ribbon, and has a very 101\' 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.

This resistance is made in two sizes, Tvpe 125A of 4 units of 4
ohms each, and Type 125G of 2 units of 2 'ohms each. The separate
uni,ts of Type 125A have a carrying capacity of 5 amperes and those
of Type 125G 15 amperes. It is possible to COlltlect these units so as
to obtain the following combinations of resistance and carrying capa
rity:

Type 12SA
Hesistance Carrying Capacity
2 ohms 10 amperes
4 " 5"
8 " 5"

12 " 5"
16 5"

Resistance
1 ohms
2 "
4 "

Type 125G

Carrying Capacity
30 amperes
15 "
15 "

\Veight 7 lbs.

Type 12SA Phantom Antenna Resistance $15.00
Dimensions 7X" x 6" x 4}4". Weight 3}4 lbs.

Code \Vord "RAVEN."

Type 125C Phantom Antenna Resistance $32.00
Dimensions 1O}4" x 7%" x 50".

Code \Vord "REBEL"
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SLIDE WIRE BRIDGE

Type 130

The design of this bridge is sl1eh as to pertnit of obtaining all the
ordinary meaSlll'Cments made with a bridge and at the same time docs
not mah the instrument bulky or heavy. The bridge is particularly
adapted for class-rrom d('III011Slration or student use where a variety
of arrangements such as the \\'heatstonc, Kelvin. or Care)' Foster
circuils are rCfluirt'd. Great C'lre has bttn used in the COIlSlntClion of
this bridge. The base is of polished oak with engraved box·\\"ood sc.'lle.
The slider moves on a bmss tube I)ne-half inch in diameter, insurinJ{
good contact and durability. The slide wire is of manganin. one-half
meter long, and has a resistance of approximately 0.9 ohm. Two pairs
of binding posts arc provided for extension coils to increase the range
of the slide \\'ire. l-Ieavy copper connecting bars are used throllgho\ll.
The metal parts arc finished in dull nickel.
Type 130 Slide \rire Bridge $18.00

Dimensions 2·r" x 40" x 2-. Weight 3h Ibs.
Code Word "SATYR."

The products of the General Radio Company cover a complete line
of high frequency radio laboratory apparatus. Information and bulle
tins of special apparalUS will be sent on request. Our line includes the
following: Variable Air Condensers. Vernier Condenser, Standanl
Condensers, Decade Condensers. Variometers, Standards of Induc·
tance. Standards of Resistance. Decade Resistance Boxes, \Va\·emeters.
Decade Bridge, Cap.'lcity Bridge, Slide Wire Bridge, Audibility Me·
leI's. IIot \rire ),!eters. Galvanometers, Thermo-Couples, Telephone
Transformer, i'.Tiscellaneous Apparatlls.

All prices in this bulletin arc strictly net, subject to change without
notice, F. 0, B. Cambridge, i\hss. Cash should accompany orders
from persons or firms with whom we have not already opened accounts.
Unless OIhef\\·ise instructed \\-e shall usc our own judgment regarding
method of shipment.
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GENERAL RADIO COMPANY
MA:-;UFACTUltElt~ 01'

HIGH GRADE HADIO LABORATORY APPARATUS
CAMBRIDGE, l\'IASSACIIUSETTS

BULLETIN 203 NOVEMBER 1920

AUDIBILITY METER
Type 164

If a telephone rc('ci,'cr in which signals arc being received is
~hllntcd by a resistance until the signals arc just audible, the ratio of
the currcnl in 11Ie telephone to .he current in the shunt is an indication
of the strength of ,11C signals. For installce, if the signal is just audible
when 99% of the detector ('urrelll flows through the ShUllt alld 1%
through the telephone rccei\'ers. the signal is said to have all 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:

5+1'K _

5
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The increasing use of oscillating circuits for vacuum tube detec
tors has necessitated the development of a special type of mcter for
comparing the audibilities of signals. This is because the oscillating
circuits are affccted by changes in their constants, very slight changes
often causing variations of telephone current quite out of proportion
to the changes introduccd. A series resistance must be added in the
plate circuit to compensate for the reduclion in resistance of that cir
cuit caused by the shunting of the telephone receivers. The elemen
tary connections of this metcr are shown in the diagram. R is the
resistance used to shunt the telephone receivers and Rz is the compen
sating resistance. As R decreases, Rz increases.

The Type 164 Audibility Metcr 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 2()(x) ohm telcphone 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 rcsistance in shunt with the telephone
receivers, the audibility meter may be left permanently connected in
the circuit.

This instrument is mounted in a polished oak case with engraved
bakelite panel. The metal parts are finished in polished nickel. The
contact arm is of laminated phosphor bronze and insures perfect con
tact.
Type 164 Audibility Meter .....................•.........$36.00

Dimensions 7-h" d. x 4". Weight 3 lbs.
Code Word "AWAKE."

PHANTOM ANTENNA RESISTOR
Type 125

For many tests of transmitting apparatus, it is desirable to replace
the all1enna by a local circuit, the constants of which are more easily
and accurately determined. It also prevents interfering with neighbor
ing stations. The Type 125 Phantom Antenna Rcsistor is provided
for this purpose.
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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 ribbon, 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 125 G of 2 units of 2 ohms each. The separate
tmits of Type 125A have a carrying capacity of 5 amperes and those
of Type 125G 15 amperes. It is possible to connect these units so as
to obtain the following combinations of resistance and carrying capa
city:

Type 125A Type 125 G
Resistance Carrying Capacity Resistance Carrying Capacity
2 ohms 10 amperes 1 ohms 30 amperes
4 " 5 " 2 " 15 "
8 " 5 " 4 " 15 "

12 " 5 "
16 " 5 "
Type 125A Phantom Antenna Resistor , $15.00

Dimensions 7f;t" x 6" x 474". Weight 3X Ibs.
Code Word "RAVEN."

Type 125G Phantom Antenna Resistor $32.00
Dimensions lOX" x 7%" x 50". \Veight 7 lbs.

Code Word "REBEL."
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SLIDE WIRE BRIDGE
Type 130

The de~igl1 of 1his bridge is such as to permit of obtaining all the
ordinary measurements ma(1c with a hrirlge "lid al the same lime ducs
not make the inSlrumcnt bu1!.:}' or hea"y. The bridge is particnlarly
adaplt'd for c1a::;s-room dcmon~tratio!l or :;tudc.m Wit where a Yariety
oj arrangements such as the \Vheatstone. Kelvil1. or Carey r-os'er
circuits arc. required. Great ('arc has hcen ll~erl in the constnl('lioll oj
lhi:; bridg-e. The base is of polished oak with engraved box-wood scale.
The slider moves all a brass tube one-hair inch in diameter, insuril1g
good contact and durabili1y_ The slide wire is of manganln, one-half
metcr lOllg'. and has a resistance of approximately 0.9 ohm. Two pairs
of bindillg- posts arc provided for extensiOIl toils to incTea_~e tIle range
of the sliclc wire. Heavy coppt~r cOllnecting bars are used throllg-houL
The metal pans arc finisher! in (hIll nickel.
Type 130 Slit1c \\lire Bridge..,..... .. _.... _. .SIKOO

DlmCn<;;ons 24-" x 40" x 2". Weight 3:y,j lbs,
Code W('lrCt "SATYR"

The producls of the Gc:m'ral Radio Company cover a complete
line of high frequency radio laboralOry appara\ul:. J11for111ation alld
hulletins of special ;lpparatlls Will he sent on rell\1est_ Our line in
cludes the following: Variable Air (olldeusers, Vernier Condcn.!'cr,
Standard COllclensers. Decade Con<lenscrs. Variolllc'ers. Standards of
Inductance, Standards of Rcs;<:.tance, Decade Rcsi!itance Boxes,
Wal'emetcrs, DCc~tde Erid~e, Capacity Driclge, Slide \\liTe Bridge,
Audihllity II'Jeters. Hot \Vire jI,·relers_ Gall',lIIQmctcrs, Thermo-Cou
ples, Telephollc- Transforiller, 1liscc1laneoll~ Apparatus.

All prices in lhis hullctin arc strictly l1et, 5.ubje<:t 10 (-hange \\·ith
out notice, f. O. B. Camhrldge, :Mass, Cash should accompallY orders
from persons or finns with whom \\-e h<:\vc nul already opened nc
:otlnts. Unless Olherwise instructed we shall l1S(' our owl! judgment
regarding method of shipment.

l This Btlllctin replaces Bulletin 202]
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GENERAL RADIO COMPA~Y

\1 \XUF.\CTURt:RS Ot"

HIGH (a':.-\DE ":.\010 LABOR.\TORY .\JlP.-\l<.\TUS

C, :\IIIlUIlGE. :\L\SS.\ClIl;ScITR

BULLETIN 204 DECEMBER 1920

STANDARDS OF RESISTANCE

AND

DECADE RESISTANCE BOXES

The ideal qatld.ud of resistance for alternating current meas
Iln:lllcnts, and JK!T'tiCll1:lrly fur those at raclio frequencies, is 011e
which has 7eru change nf resistance \\'ith age. dl<tngcs of tempera
\111"f' or frequency. and \\'hich has a zero phase angle for all fre
quencies, By scll'cting carefully the material Oll which the rcsist~

ance coil is \\"ulimi. the kind of wire used, and taking care that in
:,oldcring the t('fminals the connections afC permanent and free
Irol11 corrosion. there will be 110 appreciahle change in resistance
with age..\5 there afC several alloys no\\' available whose tem
rerature co-efficient is very small and is conSlant over a wide
fange, it is a simple matter to determine with high accuracy the
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change of resistance of a coil for any ordinary working tellllH:ra
ture. To obtain zero change of resistance with frequency and to
obtain 100ro power factor is a llIllch marc. difficult proposition. A
change in resistance with frequency is due largely to skin <.-!lect and
to the distributed capacitance of the coil. The phase angle change
with frequency depends only on the inductance and capacitance.

Several methods have beeell used to reduce the inductance and
distributed capacitance of resistance units. The Ayrton·Perry
method used in our coils is not only satisfactory electrically. but
also mechanically. This method is illustrated by the diagram. The

winding is placed on a thin bakelitc form. 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
tlte first, is ·then wound on the form in the' spaces between the
turns of the first wire. The (lirection of rotation of the second
winding is oppositc from that of the first, thus making two cross
ings with the first wire in each complete turn. This arrangemcnt
keeps the currents in the two wires flowing in opposite directions
and at the same time keeps adjacent wires at nearly equal poten
tials. This type of winding- has the lowest distributed capacitance
and inductance of any of the commercially used windings.

Tbe current carrying capacity of the one-tenth ohm units is
Gne ampere, that of the one ohm units one-quarler ampere, that of
the ten ohm units ane-tellth ampere, and that of the one hundred
ohm and one thousand ohm units five-hundredths ampere. The
accuracy of these coils is .1ro on direct current and about .50/0 at
1,500.000 cycles (200 metcr wave length). The wire used has a
practically nil temperature co-efficient of resistance and contains
no iron. Thesc resistance units arc furnished in two styles of
mountings, as single unit standards of resistancc and as decade
rcsistance hoxes.

DECADE RESISTANCE BOXES
Type 102

For gcncral laboratory use the most cOllvenient resistancc
arrangemcnt is that of decade units. By such a method it is pos
sible to get nearly all)' value of resistance desired. Such units are
r:0111pact and rugged. \Vith the lISC of multiple-leaf contact brushes
with each leaf making independent contact, and with the ends of
these brushes so cut that they are not tangent to the path of
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tr;l.\'eJ. therehy preventing the cutting of ~rooves ill the contact
:;.tuds. the dial method of lllo\lntil1~ decade resistance units is fast
replacing the uldt'T and lc:oI5 satisfactory plug method of connection.
Th;s newer method eliminates the inconvenience of the shiftillg
uf plug'$. and also their possible los:i.

The General Radio Co. Tyi>C 102 decade uuits arc mounted on
b..-.kclite panels with engraved lettering, and are enclosed in oak
IJoxes. The exposed metal parts afC tlnishrd in polished nickel.

.'\ltention is called to the fact that each decade dial has eleven
Cuntact studs, a zero and lell steps. This feature is especially
important when working at the uppeT or lower ends of a dial.

These decade boxes lIrc made in three general types. two, three
;\nd four dial!;. These general type.", however, Ill":,- COver different
rnnges. The complete li~ts of thc!'t' decade !IvX'es is as follow~ :

'(-"pc UI/it.t emfr Wrml Pr-ict!
102D 10 one-tenth ohm coils DECOY $24.00

!O one ohm coils

ID2E 10 onc ohm coils DECRY 25.00
10 ten ohm coils

10m 10 len ohm coils DIVAN 28.00
10 one hundred ohm coib

I02F lO one-tenth ohm coils DELTA 32.00
10 one ohm coil!'
10 ten ohm coils

102(; 10 one ohm coil!' DIGIT 35.00
10 ten ohm coils
10 one hundred ohm coils

102K to one-ten'th ohm coils DEFER 47.00
10 one ohm coils
10 ten ohm coils
10 one hundred ohm coils

102J 10 one ohm coils
10 ten ohm coils
!O one hundred ohm coilR
10 one thousand ohm coils

DEBIT 53.00

The above Decade
weights and dimensions:

NIfI"lHr of Dials
2
3
4

Resistance noxe~

Dil/lel/siol/s
7ji" x 5" x 4}4"
1O"x5"x4}4"
12~" x S~" x 5}1,"

IP~ge 2151

htl \'C the following

Wright
2)4 Ibs.

4 Ibs.
SIbs.



STANDARDS OF RESISTANCE
Type 133

These resistance units arc !lingle coils, wound by the method
described aoo\'c, and fitted with a suitable mOlllltinK. The case is
of brass with black crystalline finish. The panel is of bakelite
with engraved lettering. Thl'SC :,tandard:, arc made in the fullow
ing seven convenient sizes:

Tyf'c
IJJA
IJJB
lJJC
13311
1.13E
Ll3T'
I:UC

Rrsislolln: Code /I'ord
I ohm Recur
5 ohm:-; Refer

10 ohllli' Regal
50 ohl11:> Relax

100 ohm5 ReJic
500 ohms Repay

1(0) ohms Repel
Dimensions .1" rl. x 2}1"". \\'eight II oz.

Prirr
Si.OO

7.00
7.00
7.00
7.00
8.00
8.00

The product;; of thl' General Radio Compall)' ('o\'('r a complete
linc of high freqllcm:y nl.(]io laboratory apparatllS. Illfor1l\ation am]
ll\llletins of special apparatus will be sent 011 reqllest. OI1T line
i:lcllldes the following-: Variable Air CondcnSf"l"l'. Vernier COI1
denser. Standard Condcn~crs, Decade Condensers. Variollletcrs.
~tandards of Tnductance. Standards of Resistance:. Decade Resist
ance noxes. Wavcmcters. Dccade Bridge. Capacity Bridge. Slide
\Vire Bridge. Audibility ).lcter5. Tlot \Vire ;"Ietcrs. Galvanometers.
Thermo-Couples. Telephone Transformer, and .\risccllaneol1s
Apparatus.
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STANDARDS OF INDUCTANCE
Type 106

These standard~ of inductance have been designed for gen"ral
laboratory use and are suitable for radio frequencies as well as for
COlllmercial or audio frequencies. To minimize skin effects and eddy
current losses the windings are of stranded wire with the separate
strands insulated from each other. The 1.0 Millihenry and smaller
coils have twelve strand windings while seven strands are lIsed on
the larger coils. There is no metal in the field of the coils, in fact
only a vcry small amount of metal, which is all non-magnetic, is used
in the entire assembly of this instrument.

Considerable errors, particularly in bridge measuremcnts, may be
introduced if the inductance standards have a large outside field. To
prevent the possibility of this outside field these standards are wound
astatically, thus making the external field negligible. The use of the
astatic winding eliminates the effects of other inductances in the
vicinity of the standard.
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The coils are form wound, firmly bound, and securely fastened
to bakelite plates. As the final adjustment is accomplished by ro:ating
one of the coils, it is possible to adjust these standards accuratdy tv
their specified values. The accuracy of this adjustment is one tenth
of one percent. The .05 and .20 Millihenry coils will carry 2.5 amperes
indefinitely. the 1 !l'1il1ihcnry coil 2 amperes, and the 5.0 Millihenry
coil I ampere.

These inductance standards are mounted in polished oak cases
with engraved bakelite panels fitted with insulated binding posts.

Type Inductance Code Word Price
l06E .05 Millihenry I='lCUR $2·1,(10
I06F .20 Millihenry INEPT 24.00
106G 1.0 Millihenry I'='lERT 24.00
I06H 5.0 l\lillihcnrys INFIX 24.00

Dimensions 6" x 6" x 4". \Veight 2}:j lbs.

VARIOMETER

Type 107

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 instrumellls have many uses such
as in filter circuits. r~dio frequency oscillating circuits and similar
work.

The Type 107 Variometer consists of two coils which are both
sections of spheres olle of which is slightly smaller than the other.
The smaller coil is mOl1llled wilhin the larger in such a manner ,hat
il may be rotated about its vertical diameter. The connections of each
coil arc brought out separately, but by a simple arrangement of con
necting b.1.TS these coils tllay be connected in series, parallel. or used
separately. This arrangement nOI only increases the range through
which the inductance may be "aried. but also increases the usefulncss
of thc instrument.

A silvercd etched dial with black filled lines and figures indicates
the relativc position of the coils. Whcn the dial reading is zero, the
currents in the two coils are circula'in~ in opposite directions and the
inductance is a minimuTll. \Vhen the dw.l reatling is 50. corrcsponding
to a rotatiOn of 90°, the coils are at right angles and the total in
ductance is the sum of the self-inductances of the two coils for the
series conne<:tion. and approximately one-half the inductance of a
single coil for the parallel conne<:lion. At the 100 reading the cur-
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rents in the coils are flowing in the same direCtion and the total in~

ductance becomes lhe Stull of the sel f~inductances of the coils plus
twic~ their ll1\ll\1al inductance for the series connection, and for lhe
parallel connection approximately one·llalf of the sum of the mUtual
indnclance and the self-inductance of a single coil.

The connections to the moving coil are made through mul!iple
contacts, giving a low and constant rc:;istance. The coil windings of
the; smaller inductancc sixes are of stranded wire with the separate
strands insula, cd from each other. The field of these coils contains
but ,"ery little solid dielectric and lillie me7al. This metal is non
magnctic and so placed as to be in a very weak field.

The entire instnllnelll is lllounted in an oak crl.!\e with enQ:raved
bakelite panel. The metal parts are finished in polished nickel.

Attached to ;he bottom of cach 'variometer case is a certificate
giving the maximllm and minimum inductance for the coils both for
the serics and for the parallel conncctions. Calibration curves may
'11:-:0 be supplied, for an additional charge of $5.00, giving the in
ductancc throl1g-hol1t the entire range for both and series and parallel
connections. Hanges other than those listed bela\\" can be constructed
for a slightly increased ('OS!,
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Type IOlC About .008 to .4 1\U-I $24.00
Carries 3 amperes continuously.

Code Word "HAPPY."

Type 107D About .12 to 6 ~'1.H $24.00
Carries 1 ampere continuously.

Code Word "HARDY."

Type 107E About.4 to 20 M.H $24.00
Carries .l1 ampere continuously.

CadI; Word "HAVEN."

Dimensions 6" x 6" x 8". 'Weight 4y,j lbs.

The products of the GeJl6rai Radio Company cover a com
plete line of high frequency radio laboratory apparatus. Information
and bulletins of sp~cial apparatus will he sent on request. Our line
includes the following: Variable Air Condensers, Vernier Condenser,
Standard Condensers, Decade Condensers, Variometers, Standards of
Inductance, Standards of Resistance, Dcc.'lde Resistance Boxes, '\Vave
meters, Decade Bridge, Capacity Bridge, Slide Wire-Bridge, Audi
bility Meters, Hot Wire Meters, Galvanometers, Thermo-Couples, Tele
phone Transformer, Miscellaneous Apparatus.

All prices in this bulletin are strictly net, subject to change with
out notice, F. O. B. Cambridge, Mass. Cash should accomp.'lny orders
from persons or firms with whOm we have not already opened ac
counts. Unless otherwise instructed we shall use our own judgment
regarding method of shipment.
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FOUR STEP IND'UCTOR
Type 226.

The tuned circuits of an experill1ental radio receIving station
mllst be capable of operating- over a wiele range. They should extend
from 150 meters \0 aboye 20,000 meters. It is impractical to con·
stmet a single coil. even when equipped with a slider and scctionaliz·
ing switches 10 cover this entire range. [1 has become common prac~

tice to employ several sets of coib to cQlver this rang-e. If coils with·
out laps afC used, the number re<juircd is so large that i\ is incon
venient to make the many chang-cs required when working at a va
riety of wavelengths.

\\Fe have designed a set of four coils, each with four taps. which
are pHrticularly adapted for use in radio receiving sets. Although
built with four different "alues of inductance they ha\'e the same phy.
sieal dimensions thus permitting IwO or more circuits to be coupled to
gether. By working at Ihe extreme limits of each coil it would he
possible to cover the raTl!!c referred 10 :lbove I\"ilh three sizes instead
of four. The four sizes. however. give a lllllch greater flexibility than
do Ihree.
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· The coils are appro~in~ate1y of Ma:cwellian 1l1~apc. The winding
IS such as to keep the distributed capacllance a rmnimum. This is a
panil-ularl~ important fe.1.ture in that it increa<:es the range O\'er which
anyone COil may be u~ed, and "'hat is mOre important. it increases the
efficiency of the roil by keeping the dielectric los.-;e,. a minimum. These
coils are rugged in construction and aHracti\'e in appearallce. The case
is of poli<:hed o.1.k with engraved bakelite panel. The metal parts are
finished in polished nickel.

One very di;;{inctive feature about these coils is that they are self
supporting' and, accordingly, do nOt require any auxiliary mounting.
Coupling between roils is varied by simply changing the di..tance be
tween coils or b)' turning through an)' de<;ired angle. The arrange
ment of bps is such as 10 gh'e values of appl"Oximalely 20%. 45%.
75'1 and 100£,1 of the maximum inductance.

These coils arc adapted for general laboratory use a<; well as for
radio receiving sets. It is seldom necessary to use a complele set of
twelve coils to cover all rang-es from 150 to abm'e 2O,()(X) meters. A
satisfactory arrang-emenl fOr this range is the tollowing selection:

3 A Coils, 2 C Coils and 3 D Coils.
The ranges covered by these coil;; when used with one of Ollr type

182E Conden~rs, which has a maximum capacitance of 10C() mi
cromicrofards, are shown in the following table:

Type
226A
2268
226C
2260

Max. Ind. Resil'tance Approximate Range
0.3 l\f.H. 0.8 Ohm 14(). I(XX) meters
3.0 l\I.H. 0.9 Ohm 400- JCXX) meters

20.0 l\f.H. 2.5 Ohms 1100- 8OC() melers
125.0 M.H. 30.0 Ohms 30c0-22((O meters

Dimensions 5" x6" x I~". Weight 2~

Code
Word

nL\GE
DIBED
nmUE
IMPEL
Ibs.

Price
$6.00
$6.00
$6.00
$6.00

The products of the General Radio Company co,'er a complete
line of high frequency radio laboratory apparalth. Information and
bulletins of special apparatus will be sent on rc(!uest, Our line in
cludes thc following: Variable Air Condensers. Vernier Condcnser,
Standard Conden!iCrs, Decade Condensers. Variometers, Standards of
Inductance, Standard" of Resistance, Decade Rf'!'i"tance Boxes, \Vave
meters, Decade Bridge, Capacity Bridge. Slide Wire-Bridge. Audi
bility Meter;;. Hot Wire ~Ieters. Gah-anometers. Thenno-Couples,
Telephone Transformer. Miscellaneoul' ApparalUs.

All prices in this bulletin are strictly net, subject to change with
out notice, F. O. B. Cambridge, Mas;;.. Ca~h should accompany orders
from pcrwlll' or firms with whom we have not already opened ac
COllntl'. Unless otherwise lllstructcd we ...hall usc our own judgment
regarding method of shipment.

[Page J06]



GENERAL RADIO COMPANY
.IJA';UFACTURERS OF

HIGH GRADE RADIO LABORATORY APPARATUS

CA.\lHRJ DGE, MASSACHUSETTS

BULLETIN 401 MARCH 1920

CAPACITY BRIDGE
Type 216

Description
There has long been a need for some simple yet reliable method

of measuring capacitances as low as a few micro-microfarads \\ith
it precision of at least one-tenth of one percent. The desirability
of a convenient, reliable, and accurate method of comparing the
losses in small samples of dielectrics has also long been recognized.
It was to Illeet these needs that the General Radio Co Type 216
Capacity Bridge was designed.

Reduced to its simplest form, this bridge consists of a \VJleat
stone Bridge circuit with resistances in the ratio arms and capaCI
tances in the unknown and standard arms. The complete arrallge
111<:11t is shown by the accompanying diagram.

The input source E is the General Radio Co. Type 213 1000
cycle Audio Oscillator, described in Bulletin 701. This oscillator is
connected to the input terminals "AC" of the bridge. These ter
minals lead to a shielded compartment containing an input trans
former whose primary is grounded at its midpoint. The primary
and secondary windings of this transformer are shielded from each
other.

The bridge circuit consists of the two ratio arms -:'It and N, and
the arms A and il in which the standard and the unknowll COll

densers are placed. The junction point of the two ratio arms is
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grounded. These ratio arms are made up of equal resistance units
wound on thin cards to reduce the inductance and the distributed
capacitance. A method, however, is provided for adding resistance
units to either the M or N arm in order to get small amounts of
I1nbalancing. A four dial decade resistance box, the units of which
are our standard non-inductive low distributed capacitance coils,
is arranged so that it may be connected in either the A or B arm
by means of the switch F. A sensitive telephone receiver, or ;:t
vibration galvanometer, is used to detect the point of balance.
This detector is connected to the bridge through a transformer
which has a grounded shield between the primary and secondary
windings.

The cabinet containing the bridge units is of polished oak. All
panels are of polished hard rubber with engraved lettering. The
metal parts 'arc finished in bright nickel. The interior of the cabinet
is lined with copper, lacquered to retain its polished finish. The
wiring, as well as the separate nnits of the bridge, is thoroughly
shielded.

Operation
Since it is desired to detect minute changes in resistance and

capacitance with this bridge it is very essential that each unit of
the bridge be constructed to give the maximum of results. it is
also very important that lhe supply source be of constant frequency

- ,

"
• [Be"

~

Q
,

0

/-'0-,<>0'/000"-' D

and free from harmonics. Reliable readings for very small changes
of capacitance cannot be obtained unless the supply source has a
pure lone. It is for this reason that we recommend our Type No.
213 Audio Oscillator for use with this bridge.

The use of a supply transformer, instead of connecting the
audio oscillator directly across the ratio arms, aids in the proper
operation of the bridge. A shield, placed between the primary and
secondary winding of this input transformer, prevents errors which
would be caused by capacitance to earth of the supply source. In
order that the potentials impressed across each of the ratio arms
of the bridge shall be equal, the junction point of these arms and
also the mid-point of the input transformer primary is grounded.

[Page 402]



The lISC of an input transformer increases the voltage applied to
the bridge arms. a very desirable feature in the IlIcasurement of
small capacitances.

Since the impedance of slllall capacitances at 1(0) cycles is
high-that of 1(0) micro-microfarads being 160,(0) ohms-it is de
sirable that the detector used to denote the balance point of the
hridge ha\'c a high impedance. As the impedance at the above fre
quency of a pair of sensitive telephone receivers is only of the order
of 20.(0) ohms. it is evident that this is too low. For this reason a
telephone transformer with a primary impedance of 200.(0) ohms
and a secondary iml>edance of 20.000 ohms is used. This arrange·
ment provides the correct impedance in both the bridge and the
telephone circuits and makes it possible LO detect a very small
dift"erence in potential, such as that caused by the unhalancing of
the condenser arms to the extent of one hundredth of a 111icro
microfarad. A shield similar to that of the input transformer is
placed between the primary and secondary windings to prevent the
introduction of crrors caused by ontside capacitances to earth.

As the bridge is designed primarily for the comparison of equal
capacitances, the ratio arms arc made equal. A v;triable standard
low loss condenser sllch as the General Hadio Co. Typc 222 preci
sion condenser is particularly adapted for lise in the standard arm
vf the br.idge. The usc of equal ratio arlllS without an)' switches
makes it possible to adjust these arms vcry accurately, and insurl"s
that their resistance will always be constant. Since these ratio
arms are exactly alike. any change in inductance or cap.1.citance
with frequenc)" will be the s..1.me in each arm, and will have no rc
sultant effect on the balance of the bridge.

It is verr often desirable to calibrate a vernier condenser
whose total capacitance is of the order of three or four micro
microfarads. For this work the bridge is first oalallced, using
capacitances in the order of 1(0) micro·microfarads. If one of
the resistance ratio arms were to be increased one part in olle
thousand, i.e. from S<XX> to 5005 ohms, the ratio of the capacitance;;
would be changed accordingly, which is a change of one micro·
microfarad. In order that the ratio arlllS may be chanKcd in this
manner, resistance units arc supplied with the bridgc. These units
may be added to either ratio arm. Although the standard e(juip
ment of each bridge includes three of these resistance units so as
to give ratios of unbalancing of .001, .01 and .1. they can be fm
nished to give allY ratio desired.

In order to obtain a balance with a bridge of this type. the re
sistance as well as the reactance lIllist be balanced. To pro\'id~

this rcsistance balance a four dial decade resistance lInit may he
placed in either the A or B arm. The shift is made hy means of a
single switch located on the side of the cabinet. The u~e of thi;;
decade resistance provides a convenient and ;tecurate mean;;. of
measuring dielectric losses.



Uses
The Typc 216 Capacity Bridge is an instrument by means of

\\'hich capacitances up to scveral microfarads can be measured
(Iuickly and accurately. 1t provides also a means of mcasuring
capacitances as small as a few micro-microfarads to a precision of
one hundredth of a micro-microfarad. Sillce the dielectric loss.
equivalent resistance at 1000 cyeles can be mcasured to an ohm
\l"ith this bridge, it is possible to obtain the phase angle of con
densers or to compare oitTercllt dielectrics. The testing of small
:>amples of cable or the study of temperature changes in dielcctrics.
is madc casy because of the sensitivity of this instrument. An ex
ample of this latter lise is a test 111;Jde on a sample of hard rubber.
The sample which was 3 inches square and one-half inch thick was
placed betwcen two metal plates. At 54° F. this sample had a
capacitance of 11.20 micro-microfarads and a phase angle of 48'.
\\'hen heated to 100° F. the capacitance had increased to 12.25
micro-microfarads and the phase angle to 1° 55'.

Type 216 Capacity Bridge......... . .... ~I60.00
Dimensions 15" x 14" x 7". Weight 17 lbs.

Code Word "CIVIC"
Type 213 Audio Oscillator ~32.00

Dimensions 6" x 4;Y.i" x 5". Weight 40 lbs.
Code Word "AUGEH"

Type 222 Precision Condenser. :.\Iax. Cap. 1500 M. "M. F .....$90.00
Dimensions 9" x 81'2" x 10". Weight 15 lbs.

Code Word "COPAL"
Type 169 Vernier Condenser . ,$8.00

Dimcnsions 5%" x 47:4" x 2;Y.i". Weight y.; lbs.
Code \Vord "CUBBY"

The products of the the General Radio Company cover a com
plete line of high frequency radio laboratory apparatus. Informa
tion and bulletins of special apparatus \\'ill be sent on request. Om
line inc1uoes the rollrn\"llfg. Variahle Air Condensers, Vernier Con
denser, Standard Condensers, Decade Condensers, Va rio meters.
Standards of Tndnctance, Standards of Resistance, Decadc Resis
tance Boxes, \\"avemelers, Decade Bridge. Capacity Bridge, Slide
\\"ire Bridge. Andubility Meters. Hot Wire i\[etcrs. Galvanometers.
Thermo~Collplcs, Telephonc Transformer, Miscellaneous Appara
tus .

...... 11 prices in this bulletin are strictly net, subject to change
without notice. F. O. B. Cambridge, ~lass. Cash should accolllpany
orders from persons or linllS with whom we have not already
opellcd accolllltS. enless otherwise instrncted we shall use our
OWIl judg-11lcnt regarding method of shipment.
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DECADE BRIDGE
Type 193
Description

The Type 193 Decade Bridge is designed to co\'er the many uses
which are required of a laboralOry bridge. It is adapted for both
direct and alternating current meast1lcmC!Hs. \Yhile it is sufficiently
flexible to give the necessary variciY of connections celll:l.Ilded in the
laboratory, when set up for commercial testing- its op~ration becomes
so simple that vcry lit!lc instruction is required by unskilled operators
to make routine measurements.

The general arrangement of this bridge consists of three resist·
anee arms, two of which are fouf dial decades each having a range
of from 0.1 ohm to 1111 ohms. The third arm is a single dial having
resistance combinations of 1-3-10-30-100-300 and 1()(X) ohms. In
order to adapt this bridge for u:;e with frc<!ueneies up to IO,()(X) cycles
all resistance units are wound non-inductively and have very low dis
tributed cap.'lcltance. This is accomplished by using the Aryton-Perry
:\Icthod of winding described in our Bulletin No. 201.
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The accnracy of ad justmenr of these coils is 0.1 % on direct cur
rent and about 0.5% at 1,500JXX) cycles. The wire nsed has a prarti
cally nil temperature co-efficient of resistance and contains no iron.
The current carrying capacity of the one-tenth ohm units is one am
pere, that of the one ohm units one-quarter ampere, that of the ten
ohm units one-tenth ampere, and that of the one hundred ohm nnits
five-hundredths ampere.

Dial switchcs are used in place of the older and less satisfactory
plug method of connection. This eliminates the inconvenience of the
shifting of plugs, and also their possible loss. These switches have
multiple-leaf contact brushes \\"ith eaeh leaf making independent con
tact. The ends of the contact leaves are so eut that they are not tan
gent to the path of travel, thereby preventing the cutting of grooves
in the contact studs. These switches have a low and constam resist
ance, even after long use. Attention is called to the fact thai each
decade dial has cle\'en contact st'lIds, a zero and ten steps. This fea
ture is especially important when working at the upper or lower ends
of a dial.

The cabinet is of polished oak, fitted with a copper lining to
shield the resistance units from outside electrostatic fields. The panel
is of polished hard rubber with ()pgraved lettering. A complete wiring
diagram is also engraved dircctly on the panel. The metal parts are
finished in bright nickel. Insulated binding posts are used throughout.
A tight fitting wooden dust cover is fumished with cach bridge to pro
tect the panel and switches when not in use.

Operation

The three general classes of mcasurements to which this bridge
is adapted are direct current resistance by the \Vheatstollc method,
inductance, and capacitance. For induc~ance and capacitance meas
urements an external standard is employed. while for resistance meas
urements one of the bridge arms is used as a standard. The circuits
of the bridge are shown in the diagram.

The power source supplied to the bridge is connL'Cted to the bind
ing posts marked BAT. For direct current resistance measuremellls
this source is one or two cells of a battery, while for capacitance and
inductance measurements an alternating current source must be used.
The alternating currenl should be of known and constant frequency
and free from harmonics. The General Radio Co. Type 213 Audio
Oscillator was designed for this work.

For direct current resistance measurements a sensitive galva
nometer should be med to indicate the balance point. This galvano
meter is connected between the GALV binding pos's 1 and 2. \Vhen
an altemating current source is supplied to the bridge in capacitance
and inductance measuremcnts. a sensitive telephone receiver or vi
bration galvanometer is used to detect the balance point. This de
tector will he connected to either the GAL V hinding posts 1 and 2, or
2 and 3 depending on the conditions of balance.
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To make a direct current resistance measurement by the \:\,Iheat
stone method the resistance to be measured is connected to the bind
ing posts marked X. A short circuit bar is placed between the STD
binding posts. Arms A and B are used as ratio arms and Arm C ad
justed to obtain a balance. The unknown resistance is then given by
the expression

For inductance and capacitance measurements the bridge is used
as an impedance hridge, that is, the bridge is simultaneously bal
anced for resistance and reactance The inductance or capacitance to
be measured is connected at X and the inductance or capacitance stand
ard at STD. In this case Arms A and B are used as ratio arllls and
Ann C as a compensating resistance in ordcr that the bridge may be in

,

G

K

0,
RIGHT .1-1-10-100'-'

E
BATTE: RY-05CILLATOR

Inductance measurements
R,

LX=R"B0 Ls

R'Capacitance measurements CX=~. Cs
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balance for resistance as wel1 as for reactance. \Vhen the telephones,
or vibration galvanometer, are connected between GALV binding
posts 1 and 2, this compensating resistance is in series with the stand
ard,. and when the telephones are COllnected to binding posts 2 and 3
this compensating- resis!ance is in series with the unknOWll impedance.
The cOIllJ1cnsa:ing resistance should be connected so as to be in series
with the impedance ha\·in~ the lower resistance. At the balance point
the following relationships exist bet\\'cen the unknown and the stand
ard impedance.

•



U,6
The Type 193 Deeade Bridge is designed for general laboratory

use. For direct currCIll measurements its principal use is as a \Vheat·
stone bridge. The connectiolls aTC such, however, that the different
arms may be used independently as standard decade resistance units.
\\"hen used as all impedance bridge the range for capacitance meas
urements is from 0.003 to 5e\'cral microfarads, and for inductance
measurements frolll about 20 microhenries to several henrys. \\'hen
making measurements of small cap<"lcitances or large inductances the
sensi-j"it)' of the bridge may be increased by using in the detector
circuit a telephone trans fonner, l;uch as the General Radio Co. Type
166.

The high impedance side. which is marked SEC. is connected
across thc propcr G.\L\- binding posts and the telephone receivers
connected acro:." the low impedance side. Since all oi the resistance:
unit:; are wound non-inductin'lr and to ha\"e \'err low distributed ca
pacitance they are adaploo for use at radio frequencies.
Trpe 193 Decade Hridge _.. $125.00

Size Ii" x 1O~" x 5". \\'eight, 12ri Ibs.
Code \\'ord "BIGOT"

Type 213 Audio O"cillaLOr . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. $3Z.OO
Dimemions fI' x -It1" x 5". \\"eight -I~ Ibs,

Code Word "AUGER"
Type 166 Telephone Transformer , .. - . $9.00

Size Zt1" x Zy.i" x Z}:'i". "'eight 2 Ibs.
Code Word "TOPIC"

Western Electric Receivers (Type l002A) · $13.00

The producls of the General Radio Company cover a complcte
line of high frequency radio laboratory apparatus. Information and
bulletins of special apparatus will be sent on request. Our line in
cludes the following: Variable Air Condensers, Vernier Condenser,
Standard Condensers Decade Condensers, Variomelers, Standards of
Inductance, Slandard~ of Resistance, Decade Resistancc Boxes, Wavc
meters, Decade Bridg-e, Capacity Bridge, Slide Wire-Bridge, Audi
bilit)' r.lcters. llot \\lire ~leters, GalvanOlneters, Thermo-Couples,
Telephone Trausfonmer. l\liscel1aneOl~s Apparatus.. .

All prices in tiI<lis bulletin are stnctly net, subject to change w1th
out notice, r. O. B. Cimbridge, l\lass. Cash should accompany orders
from persons or firms with whom we have not already ol~ned ac~
counts. Unless otherwise instructed we ~hall use our own Judgment
reg-arding method of shipment.
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CA)IBRIDCI'., ]>'lASSACHUSETTS

BULLETIN 403 DECEMBER 1920

•

DECADE BRIDGE
Type 193

Description

The Type 193 Decade Bridge is designed to cover the many uses
which arc rcq\lired of a laboratory bridge. It is adapted for both
direct and alternating current measurements. 'While it is sufficiently
flexible to gi\'c the necessary variety of connections demanded in the
laboratory, when set up {Or cOlllmercial testing its operation becomes
so simple that vcry little instruction is required by unskilled operators
to make routine measurements.

The general arrangement of this bridge consists of three resist
ance arms, twO of which are fonf dial decades each ha\'ing a range
of from 0.1 ohlll to Itll ohms. Thc third arm is a singlc dial having
resi.,tance combinations of 1-3-10~30-tOO-300and 1000 ohms. In order
to ,Hlapt this bridgc for lise \\·ith frequcncies up to 10.000 cycles all
resistance units are wound Ilon~indtlctivelyand have very low distributed
capacitance. This is accomplished by using the Aynoll-Perry ~[e(hod

of winding (lc'>Crilx:d in our Bulletin No. 204.
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Thc atcuraq' of adjustment of these coils i5 0.1 % 011 direct cur
rent and about 0.5)< at 1,500.000 cycles. The wire used has a practi
cally nil temperature co-efficielll of resistance and contains no iron.
The current carrying capacity of the one-Ienth ohm units is one am
pere, that of thc' one ohm units one~quartcr ampere, that of the ten
ohm unit:> one-temh ampere, and that of the one hundred ohm unit5
fi\"c~hundre<hhs ampcre.

Dial ,;witches are used in place oi the older and less satisfactory
plug mClhod oi connection. This e1iminatcs the inconvenience of the
"hi fling of plug", and also their possible loss. These switches ha\'c
Illllitiple-leaf contact bru<;hes with each leaf making independent con
tact. The end" of the contact lea\'es are so cut that they arc not tan
gent to the path of tra\'el, thereby preventing the cUlling of groo\'cs
in the contact stud... These s\\-itches ha\'c a low and constant re..<;ist~

ance, e\'ell aiter long: lbe. Auention i:> called to thc fact that each
decade dial has elc\'en coutact studs, a zero and ten steps. This fea
ture i" especially important when working at the upper or lowcr cnd"
of a dial.

The cabinet i.. of polished o..1.k, fitted with a copper lining to
"hicl<1 the resi;'lancc units from outside electrostatic fields. The panel
is of poli"hed hard rubber with cngra\'ed 1eltering. _\ complete wiring
diagram is also engra\'ed directly on the panel. The metal parts arc
fini ...hed in bright nickel. Insulated binding poSts arc uscd throughout.
.\ lighl filling- wooden dlbt CO\'cr is furnished with each bridge to pro
tect the j>.1.llcl and switches when not in use.

Operation
The three general classes of measurements to which Ihis bridge

is adapted arc direct current resistance by the \\'heaI510ne method,
inductance, and cap..1.citance. For inductance and capacitance meas
urements all external standard is employed. while for resistance mcas
urements onc of thc bridge arms is Ilsed as a standard. The circuits
of the bridre arc shown in the diagram.

The powcr source supplied to the bridge is connected to the bind
ing" posts marked BAT. For direct current resistance measuremcnt:,
this source is one or two cells of a battery, while for capacitance and
inductance lllea"UremCllts an alternating current source t11ust be lIsed.
The alternating cmrcnt should be of knowll and constant frequency
and free frol11 harmonics. The General Radio Co. Type 213 Audio
Oscillalor was (Iesigned for this work.

For direct current resistance measurements a sensitive galvano
mel.er should bc used to indicate the balance point. This galvanome
ter IS connected between the GALV binding posts 1 and 2. \Vhcn an
?lternatil1g" current source is supplied to the bridge in capacilance and
llldu<:!ancc I11casurcn)ents, a sensiti\'e te1epl,ul1c receivl:.' or vibration
gah'anol1lcter is used to detect the balance point. This detector will
be connected to either Ihe GALV bindinO" posts 1 and 2 or 2 and 3
depending on lhe conditions of balance. e ,
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To make a direct current resistance llIea:.uremenl by the \Vheat
~tone method the resistance to be measured is coullected to the bind
ing posts marked X. A short circuit bar is placed belween the STD
binding posts. Arms A and B are used as ratio arms and Arm C ad
justed to obtain a balance. The unknown resistance is then given by
the expression

1-. . RA ['\.x _. j) • 'I.e,"
For inductance and capacitance meaStl1'e111ents the bridge is used

as all impedance bridge, that is, the bridge is sill1ultaneously balanced
for resistance and reactance. The inductance or capacitance to be
measured is connected at X and the inductance or capacitance standard
at STD. In this case Arms 1\ and Bare lIsed as ratio arms amI Arm C
is a compen!>dting resistance in order tha~ the bridge may be in balance

Eo- [
BATTE: RY~05CILLATOR

for re::i:.tance as well as for reactance. "'hen the telephones. or "ibra
lion gah'anometer, are connected between GALV binding posts I and 2,
this compensating resistance is in series with the standard. and when
the telephones are connected 10 binding posts 2 and 3 Ihis compemating
r6islance is ill series \\-ith the unknown impedance. The cOlllpen~ating

resistance should be connected SO as to be in. series with the impedance
having the IO\\'er resistance. At the balance point the following rela
tionshi.ps exist between the unknown and the standanLimoe.dance.

R.
Inductance measurements I.x = RJI Ls

Capacitance measurements Cx = ~: . Cs
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The Type 193 Decade Bridge is designed for general laboratory

u~e. For direct current measurements its principal use is as a \Vheat
stone bridge. The connections arc such, hO\\'cyer, that the different
arms may be uscd independently as standard decade resistance units.
\'"hen lI~cd as an impedance bridge the range for capacitance meas
urements is from 0.003 to sc\"cral microfarads, and for inductance
measurements frolll about 20 microhcnries to SC\'cral henrys. \\'hen
making mcasuremClHS of small capacitances or large inductances the
sensiti,·;ty of lhe bridge mar be increased by using in the detector
circuit a telephone transformer, such as the General Radio Co. Type
166. The high impedance side. which is marked SEC. is connected
across the proper G,\L\' binding posts and the telephonc receivers
connected aero",,, the low impedance side. Since al1 of the resistance
unit.. arc wound l1on-indllctivelv and to ha,'c very low distributed ca
pacitance they arc adapted for uSc at radio frequenCies,

Since the bridge is so arranged that the individual anus are acces·
!'ible. u-.e may be made of the principle that in diagonal arms a capaci
t."lnce will balance an inductance. By the correct choice of the inductance
or cap."lcitance !'tandard, the bridgc may be made direct reading in eilher
capacitance or inductance, The precision of such measurements is that
of the adjustment of the bridge. namely 0.1 %.
Type 193 Decade Bridge ·········· $125.00

Size lr x 100~ x 5~. "'eight 12~ lbs.
Code \Yord "B'GOT"

Type 213 Audio Oscillator $32.00
Dimensions 6" x 4t1" x 5~. "'eight 4}1: 1bs.

Cooe \Yord "~\CGER"

Type 166 Telephone Transformer $9.00
Size 2~" x 2Yi'" x 2%". \Yeight2Ibs.

Code \\'ord "TOPIC"
Western Electric Receh'ers (Type 1oo2A) $15.00

The products of the General Radio Company cover a complete
lille of high freqnency radio laboratory apparatus. Information and
bulletim of spedal apparaltls will be sent on request. Our line in
cludes the following: Variable Air Condensers, Vernier Condenser,
Standard Condensers. Decade Condensers, Variomelers, Standards of
IndI1Cl:lI1Ce, St:lnd:lrds of Resist:lnce. Decade Resistance Boxes, \\'ave
meters. DCC:lde Bridg-e. Capacity Bridg-e, Slide \~rire Bridge. Audi·
bilil)' :\feters. ] lot Wire :\.Ielcrs. Galvanometers, Thermo-Couples,
Telephonc Tl":lnsformcr. and )[iscc1laneous Apparatus.

[This Bulletin replaces Bulletin 402]
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• GENERAL RADIO COMPANY
)\ASlIFACTl.'Rf;IlS OF

HIGH GRADE RADIO LABORATORY APPARATUS
CA).IBRIDGE. :\IA!>SAcHusETTs

BULLETIN SOl JUNE 1920

•

HOT WIRE METER
Type 170

An instrument for the measurement of currents at high fre
quencies must have its inductance and capacitance kept as small as
possible. High impedance would cause the readings to vary with fre
quency. For many radio frequency measurements a suitably designed
hot wire ammeter has the necessary characteristics which particularly
adapt it to this work. rt should, however, be recognized that a hot
wire ammeter is Inhcre1l11y a less accurate instrument than those of
the moving coil type, which of course afC impractical for measuring
currents at high frequencies. In our lypeS 127 and 170 Hot Wire
Ammeters careful design and good workmanship are co-ordinated to
produce an in:;trllmcnt which is electrically and med1anically good,
mgged, and reliable. These meters, particularly the galvanometer
type which is the 250 milliampere size uncalibrated, are Illsed very e....-
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tcnsi,'cly ill w;\vcmctcrs and similar oscillating circuits for determining
the resonance poinl. The Type 170 meters have found a wide use
out"ide of the radio field. They arc used as transfer instrumentS in
g-cncralor testing and similar work.

The expanding strip in these meters is of lhin platinum. so as to
prevent oxidation. "is so proportioned that it works at a low tem
perature and is of low resistance. These arc two highly desirable
features, since the former permits reasonable overloading without
burn;ng QU!. and the [alter minimizes the losses.

The type of Inul iplying action is stich that a more uniform scalt:
is obtained than wi:h many hot wire meters. The bearings which
support the steel sha ft afC the beSt grade jewel sapphire. These
metcrs havc been corrected for temperature so that there is very lin Ie
shift of lcro. Any necessary correction may be made by adjusting
a knurled screw. This type of instrument is equally accuratc on direct
or alternating currcnt of any frequency.

The~c instrumcnts are made in t 11'0 general sizes. Typc 127 is
the smalk:r. or thrce-inch size, and is made in three types. portable,
front-of-board mounting and flush mounting. Type 170 is the largl.'
size and i~ made only in the portable type-

Thc Typc 127 front-of-board and flush mounting meters are
mounted in mctal cascs finished in black japan. Thc Type 127 por
table meters arc mounted in moulded bakelite cases. The binding
post~ are finished in polished nickel. Tn mounting the flush type of
meter all opening in thc panel 21i\" in diameter should be provided.
In l11o\lllling the frOllt-of-board type allowance shonld be made for a
case 3" in diamcter. The Type 170 meters are mounted in polished
walnut cascs and arc fined with insulated binding posts.

[Page 502)
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Price
$15.00

11.00
10.00
10.00
10.00
10.00
10.00
10.00
9.00

Case
Front of Board
Front of Board
Front of Boarel
FrOTll of Boarel
FrotH of Board
Front of Board
Front of Boord
FrOI1l of BO<lrd
From of Boarel
"'eight 9 oz.

Type 127

Codc \Yord
.:\lAYOR
MAD.·\?\1
MAJOR
l\lAXOR
MARRY
11ASON
.:\IA1'I.\I
MAXDI
:\IAGIC

Dimensions 3" d. x 10".

I{angc
100 i\lilli-Amps.
!4 amp.
o 3mp.

1 amp.
2 amps.
3 amps.
5 amps.

10 amps.
Galvanomcter

$15.00
11.00
10.00
10.00
1\1"0
10.00
10.00
10.00
9.00

Flash l\lounting
Flush :'.Ioullling
Flush :\Ioullting
F1u...h :'.loll1l"ing
Flu~h :'.Iounting
Flush :\Ioullting
Flush l\Ioun:ing
Flush l\Iounting
Flush :'.Iollnring

Weight 90 oz.

MEDAL
MERCY
:\[ERIT
MERRY
l\IETAL
l\IDllC
.:\I1XIM
:\IIXXY
:\[ITER

Dimensions 3" x 10".

100 l\lilli-Amps.
.l4 amp.o amp.
I amp.
2 amps.
3 amps.
5 amps.

10 amps.
Gal\·anOlllcter

[ Page 50)]•

100 :'.Iilli-Amps. :\IUGGY
,l4 amp. MOCHAo amp. MOGUL

1 amp. :\[OL>\R
2 amps. 1fO);fAD
3 amps. ~IORAL

5 amps. :'.IUl\DIY
10 amps. MUSTY

Galvanometer MOTTO
Dimensions 3" x 4" x 1}4".

Portable
Portable
Portable
Portable
Portable
Portable
Portable
Portable
Portable

Weight 1O}4 oz .

$16.00
12.00
11.00
11.00
11.00
11.00
11.00
11.00
10.00



Type 170

Range Code Word
100 M. A. EXULT
250 ~l. A. E\'OKE
500 M. A. EXACT

I amp, EXCEL
2 amp. EXERT
3 amp. EXILE
5 amp. EXIST

10 amp. EXPEL
20 amp. EXTRA

Gal\'anometer ETH ER
Dimensions 4X'" x 5 x 30"·

Case
Portable
Portable
Portable
Portable
Portable
Portable
Portable
Portable
Portable
Portable

Weight 16 oz.

Price
S24.oo

22.00
22.00
22.00
22.00
22.00
22.00
22.00
22.00
22.00

•

The products of the General Radio Company cover a complete
lioe of high frequency radio laboratory apparatlls. Inform;t1ion and
bulletins of ~pecial apparatus will be sent on request. Our line in
cludes the following: Variable Air Condensers. Vernier Condenser,
Standard Conden~ers. Decade Condensers. '"ariometers. Standards ot
Inductance, Standards of Resistance. Decade Resistance Boxes, \Vave
meter:--. Decade Bridge. Cap.-tcity Bridge. Slide \\'ire·Bridge. .-\udi
bility i\Ie;ers. HOI \\'ire ~Ieters, Galvanometers. Thermo-Couples. Tele
phone Transformer. i\liscellaneous Apparatus.

All prices in this bulletin are strictly net, subject to change with
out notice. F. O. B. Cambridge, Mass, Cash should accompany orders
from persons or firms wilh whom we have not alre.1.dy opened ac·
counts. Unless other\\'i~e instructed we shall use our own judgment
regarding method of shipment.
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•

HOT WIRE METER
Type 170

All ilhlnlll1(,:l11 for the meaSllfCllletn of currents at high frcquclIcic,;
must 11a\'c its inductance and capacitance kept as small as possible.
lligh impedance 1I"1)111d calise the readings to vary wilh frc(jucncy. For
many radio frC(jlleney meaSllrCmCll!S a suitably de"igl1cd hot wire
,\111111('\('1" has the necessary characleristics which partkul<trly adapt 11
to this work. It should. hmH'Ycr. he recog-ni:-:cd that a hot wire ammeter
is inherently a kss aC((lra'( instrulllent than those of the moving- coil
type. which of cour..,t' arc impractical for Ineasnring t'url"CllIS at high
frcqueneic!'>. In our type" 127 and 170 Bot \\'ire .\1111l1clcrs careful
dc~igT1 and good workmanship ha\'c produced an in"trl1l11ellt which is
electrically and mechanically gOO(!. rugged. and reliable. These meters.
particularly the ;..ral\'ano11lcler type \\-hiclt is the 250 milliampere size
11l1calibratcd. arf" II-;ed \Try exten~i\'eh' in waYClllClers and similar
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o~cillatillg circuits for uetermining the resonance poin!. The Type 127
meters are llsed extensively for measuring the radiation, filament and
plate currents in experimental continuous wave transmitting stations.
The Type 170 meters h,l"C found a wide. use outside of the radio field.
Ther arc used as transfer instruments in generator testing and similar
work.

The expanding strip in these meters is of thill platinum, so as to
prevent oxidation. It is so proportioned that it works at a low tem
perature and is of loll' resislance. These are two highly desirable
features, since the former permits reasonable overloading without
burning out. and the latter minimizes the losses.

The type of nmltiplying action is such that a more uniform scale
is obtained than with many hot wire meters. These meters have been
correcied 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 instrtllllent is equally accurate on direct or alternating current
of any frequency.

These instruments arc made in t\\"o 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.

The Type J27 flush mounting meters arc mounted in metal cases
finished in black japan, while the front-of-board and portable types
have cases of moulded bakelite. In mounting the flush type of meter
an opening in the panel 2%" in diameter should be provided. In mount
ing the front-of-board type allowance should be made for a casc 3"
in diameter. The Type 170 meters arc mounted in polished walnut
cases and arc fitled with insulated binding posts.
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TYPE 127A
Rallg'c Code Word Case Price

100 :\lilli-Amps. :'IIEDAL Flush :\Jolillting $9.00
~ Amp. .\IERCY Flush :\[ounting 7.75
o Amp. .\lERlT Flu~h :'I.!ollnting 7.75

1 Amp. .\IERRY Flush ;-,[ollllting 7.75
2.5 Amps. .\U:\OR Flu~h \Iounting 7.75

5 Amps. :\112\1:\[ Flush .\[ounting 7.75
10 Amps. '\[1::\::\1" Flush :\lOllTlting 7.75

Galvanometer :\fTTER Flush :\IOllllting 7.25
Dimensions 3 in. x 10: in. Weight 9% oz.

TYPE 1278
100 .\lilli-Amps. ~IAYOR Front of Ro.1.rd 9.00
}4 Amp. .\1.·\DA\1 Front of Board 7.75
}{ Amp. :'IIAJOR Front oi Board 7.75
1 Amp. .\fAXQR From of Board 7.75

2.5 Amps.:MAPLE Front of Board 7.75
5 Amps. .\IATIX Front of Board 7.75

IO Amps. :\IAXD[ Front of Board 7.75
Galvanometer :'orACle Front of Board 7.25

Dimensions 3 in. d. x 1.0 in. \\'eight 9 oz.

TYPE 127C
100 i\IiIIi-Amps. 11l;GGY Portable 10.00

74 Amp. .\IOCHA Portable 9.00o Amp. :\fOGUL Portable 9.00
I Amp. :\IOLAR Portable 9.00

2.5 Amps. ).IOTOR Portable 9.00
5 Amps. ).llJ),BIV Portable 9.00

10 Amps. ),[USTY Portable 9.00
Gah'ano1l1ctcr :\[OTTO Portablc 8.50

Dimensions 3 in. x 4 in. x 10 in, Weight 100 oz.
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J)illlen~inn~ .p~~ x 5 x 30'"·

Rallg,~

100 ~l. A.
250~I. ,\.
500 :\L A.

I amp.
2 amp.
3 amp.
;'I amp.

10 amp.
20 amp.

r;ah'anolllctcr

TYPE 170

Co(lc Word

EXULT
E\'OKE
EX.\CT
EXCEL
EXERT
EXILE
EXIST
EXPEL
EXTR.\
ETIIER

Cas/'
Portable
Portable
Portable
Portable
Portable
Ponable
Portable
Portable
Port..,hlc
Portable

Weight 16 oz.

Pricc

$24.00
22.00
22.00
22.00
22.00
22.00
22.00
22.00
22.00
21.00

•

POINTER GALVANOMETER
Type 189

Thi" i~ a portahle in,trlll11l.'llt oi the ,<,me general ...izc a" the Type
170 hot wire ammeter and j" dC!'igned ior use with direct current-. of
small m<lg'lIiludc. It j ... of the O'''-\rsollyaltype. ha""\ double "lhPCI1"ioli
and i" well damped. 11 i~ made with a resistance of either 10 or 100
ohm.... and \\"ilh ..call.''' ha\"in~ either zero left or zero center. The 100
ohm type requires approximately 25 microampere'> for a full ->calc
deflection- :.0 di\"i"ion~ from center to either side-while the 10 ohm
IYI)(' reql1irc~ approximately 75 microampere;:. The zero leit ill~tru
mcnb require twice the-.e t-urrenb for full ".calc deflections of 100
di\"ision". \rhen u"ed with our Type 13-1- Thermo Couple, lhe~e ~al·
,-anOllletcr-. may he 11"('(\ to 11lt'a"ure currents too small to gi\'c satis
factory reading,; on a 100 milliampere hot \\·ire ammeter.
Price. any type. . . . . . . . . . . . . . . . . . . . . . . . . . ~2"00

Size -I-h~ x 5~ x 3Yz". Weight 20 lh~.

Type 13-1- Thermo Couple........... . .... "... . .. ~.OO
S· ?1J::" I"· 2" \\.. I '. tZC _/2 x 74 x . elg1t ... oz.

\\hile thc meter" of Dill" 0\\"11 111anufactnre arc limited to our Types
127 an(l 170 hOI wire atlll11cter-. and our Type 189 1)'.\rS0I1\'al portahle
galvanomcter. wc rail also ~upplr \re"ton meters of all types .

.\11 prices iu this bulletin an,' sU';ctly net. subject to change with
Ollt notice, F. O. B. Cambridge. )'Iass. Cash should accompany orders
from ]lcr-.ollS or firms lI"ith whom we ha\'(' not already opened ac
l'OUllb. L"ule"s otherwise instrncted \\'c -;ha11 use 011T own judgment
reg-ar<1illg" lll('l!to(1 of ~hip1l1cnt.

[This Bulletin replaces Bulletin 501]
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•

AUDIO OSCILLATOR

Type 213

The prccision of most alternating current hridg'(' I11ca~lIr('

lllcnis iii in 110 small 111e:\snr(' (1ependcllt 011 the source of po\\'er
supplied to the hridge. The wave form shou1<1 be ~trict1y fret· ftom
harmonics. \nlere a halance is indicated hy means of the lIulI
11]('lhod with a telephone rccein·r. the prc ...ellct> of harmonic" oi
CHI1 vcry "mall magnitude will prCH'llt lhe aCC\l~ale determill:ttioll
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of the bal:l.l1ce point for the fundamelltal. The frequency 111l1st rc
main const:lIlt. The J'upply source should also be simplc in its oper
ation. rugged and reliable. It was to meet these requiremelltil that
the General Radio Co. Type 213 Audio Oscillator was designed.

The output of this oscillator is about 0.06 watt at J(XXI cycles.
Extern:l.1 hinrlinj:t" posts :l.re so arranged that three ontput volta~c"

may be obtaincd. The outputs obtainable with the!'e three dilTer
ellt connections :l.rc :l.S follows:

Poim Voltage Current

Low 0.5 volts 120 milliamperes
)Iediultl 1.5 volts 40 milliamperes
Iligh 5.0 \'olts 12 milliampercs

For SOllle capacitance mcaSllrements it is desirable to use a hij:t"h
\·oltage. This increased voltage may be obtained by connecting an
inductance and capacitance in serics across the high voltage output
terminals of the oscillalor. By adjusting this circuit to resonance.
voltag('s as high as 50 or 100 may be obtained by connecting output
leads across the cond('lIser. This instrument will operate satisfac
torily on from four to eight volts. The input current is approxi
mately 0.13 ampere. \\'hen running. the oscillator Illay be heard
for a distance of approximately twenty-five feet, or may be made
silent by enclosing in a !'oulld-proof box.

<t'T--=::;;~-i=='~~hC~J''''_.

Of,>TA/1

TJ'?,4I'tJI"OAI1~1l 1000- AVIJlO

OJClLLATOR
U"N: ~'..

O~/YI:>''''L RAO'O=
C"o',n/MmaE"'''.u

The circuits of this oscillalor are shown in l11e diagram. The
closing of the switch places the field magnetizing coil directly
aero!'s the batten'. Also acro!'s the uattery is the primary of the
inpl1t tran!'for11lcr ill !'cric!'. with the microphone buIIO\1. The rc"o-
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• llance circuit cOIl~ists of the secondary of the input transformer. the
primary of the output transformer. the armature coil and the con
denser. The output transformer secondary has three taps to permit
the ohtaining of three different output voltages. The lise of the
t\\"o transformers prevents the Olltput wave frolll containing <Iny
<lirect current component. Each transformer core has a small air
gap to prevent distortion of the wave form, Since. however. the
magnetic cirC\1its afC all nearly closed iron paths there is vcry littl('
outside iicld. This feature is particularly i1l1POl'l:l1l1 whnc the oscil~

lator i... being used ill close proximity to the bridge. The tnning
fork insures 111;\1 the frCfll1cncy be kept constant and at 1000 cycles.
Tht resonance circuit is carefully a(ljustcd to this vallie. Since the
()~cil1ator is self-starting it may he located at a point distant fr0111
the hridge and operated by a switch placed at the bridge.

By thc lise of the field lllagnetizing coil on olle tine of the
vibrating fork. instead of relying on its permanent magnetism, the
polarity ilnd intcnsity of the magnetization of the furk with re.spect
to the armature arc permaneJltly mai11lailled.

Success or failure in the operation of a hUllIlller. or audio oscil
lator. lies very largely ill the microphone button, I f the button
heats w that the oscillator cannot be run indennitely. if the adjll'it
ment of the button is not permanent. or if !ilight nU'chanical shocks
change its operating characteristics the oscillator has little com
mercial value. ,\ distortion of as small an amOunt as one live-hun
dredth of an inch from normal mica will destroy the perfect opera
tion of the button. In order that the button lI1a\' be insensitivc to
mechanical shocks amI yet operatf" properly at i<XX) cycles. lise i"
made of its high inertia effect at the latter frequcncy. One side of
the hutton is attached to the tuning fork by means of a ~h()rt. flat
spring. The other side, which has <t projecting mounting 1)0.'01. is
held in position by a specially designed self centering spring, This
combination of springs enahles the button to \\ith~talld 5('\'e1'('
"hocks. yet it has 5ufficient inertia 50 that perfect operation is oh
tained. The adjustment of the button i:: permanent and needs no
further attention after Iea\'ing Ollr laboratory. Thi" typl' of moulIt
ing. together with the fact that the electrical cOIl"'lants of the cir
c\lib ha\'e been adju:<ted to their optimum valuc... in-.urC":; the COI1

tinUOIlS operation of the oscillator without heating.
TIl<.' oscillator is mounted in a poli"hc<l oak hox and has an cn

g-ra\'ecl hakelite panel. The expo~ed metal parts arc tini ..hed in
polished nickel. The control switch i!- ('asily acc(';"sible and is of
til<' COll\'Cllicnt lock button design.

•
Type 213 .\udio Oscillator .

Dimensions 6" x ..J}~" x 5". Weight 40 Ih:..
Code \\"ord ".\L'GER"

( Page 70J 1
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The products of Ihe General Radio Compauy conr a complett'
line of high frequency radio lab~ratory apparalUs. Information
and bulletins of special apparatus will he sent on request" Our line
includes tht' following instrnmellls:

Variable Air Condensers

'"ernier Condcnsers

Standa rd Condensers

Decade Condensers

'-a riolllelcrs

Standards of Inductance

Standards of Resistance

Decade Rcsi~tance Boxes

\\"a,"emeter<:

Decade Bridge

Capacit~" Bridge

Slide \\"ire Bridge

Audibility :\Iet('rs

Hot \rire Ammeters

Galvanometers

Thermo-Coupl('.;;

Telephone Tral1~forlller

:\Iiscellaneous .\I)paratus

."\11 prices in this catalogue arc strictly net. subject to change
without notice. r. O. B. Cambrldg('. i\Tassachliselts. Cash should
accompany orders from pcr,;ons or iirms \\"ith whom \\"c ha\"c not
already opcned accounts. Unless otherwise in~trt\ctcd wc shall I\S('

Ollr o\\"n jl1dgl1lcllt regarding method of "hipment.
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• GENERAL RADIO COMPANY
MA?>UFACTUREK$ OF

HIGH GRADE RADIO LABORATORY APPARATUS
CAMBRIDGE, )!ASSACIIUSETTS

BULLETIN 702 AUGUST 1920

•

PRECISION CONDENSER
Type 222

Condensers used as standards and for precision measurements
must have many features not usually found in ordinary laboratory
condensers. For var:able standards it is essenti:tl that the plates be
sufficiently rigid and well spaced so that handling of 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 Co. Type 222 Precision Condenser is not in
tended for use as an ordinary laboratory experimental condenser, but
rather for those places where precision is essential. In ils design the
mechanical as well as the electrical features have received special at
tentiOIl. There are twO scts of substantial scm i-circular aluminum
plates with wide spacing. Thc steel shaft run,. in brass COlle bearings .
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which arc positively locked in position. After assembly of the entire •
~ndenser the shaft is rotated for several hours to insure its perfect
alignment and the wearing in of the bearings.

The rotary plates arc turned by a worm and gear thus permitting
of fine conI rol. The worm is held b,r spring tension in position against
the gc..u to prevent backlash due to wear. This is the same method
u~d in accurate di"iding eng-ines. The rotation test referred to above
includes the worm and gear SO Ihal they arc well worn into place be-

fore the condenser is accepted. Attached to the main shaft is a sel.le,
180 degrees of which are di"idcd into 25 equal parts. To the worm
shaft is attached a second scale the circumference of which is divided
into 100 equal parts. Since one complete turn of the worm shaft
movcs the main scale through one division the position of the rotary
plates may be read directly to one part in 2500. As the divisions all
the sub-scale are placed 1/16 inch apart it is possibie to estimate easily
to fi fths.

Since there is only a small amount of solid dielectric used in the
entire condenser, and since this dielectric is carehll1y sclected. and is
all placed in a weak electrostatic field, the power factor is very low,
bein,g' approximately ,01 % at a capacitance of 1500 micromicrofarads.
As the dielectric is not in the direct field of the rotary plates it is not
influenced by their position. Thus the dielectric losses remain nearly
constant throughout the entire range of the condenser. This is a par·
ticularly valuable feature in measurements of the properties of dielee-
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tries. It permits the assumption that the condenser is equivalent to
two parallel condensers, onc of which is fixed and has all the losses
and the other variable and has no losses. This condenser is adapted
for lise with potentials up to 10J() volts. \Vith each condenser is a
calibration table giving the calibration with all accuracy of 0.1% for
26 points.

The case is of polished mahogany and is lined with a copper
shield grounded 10 the rotary plates. A 74 inch aluminum plate fin
ished in a permanent crystalline black forms the condenser top. Other
metal parts afC finished in polisllCd nickel. The top is fitted with a
carrying handle. In order that the condenser may be kept free from
dll~t the two scales are re..1.d through glass windows set into the alumi
mun top. A hard rubber rotating handle extends into the box and en
gages the worm shaft.

A substantial whitewood carrying case is furnished with each
condenser. This case is fitted with a carrying handle and lock.
Type 222L Precision Condenser .......................•.••.$90.00

Dimensions 8,%" x 8t:"t" x 9". Weight 16 Ibs.
Code Word "COPAL"

PRECISION WAVEMETER
Type 224

Similar in general design to the Type 222 Precision Condenser is
the Type 224 Precision \Vavemeter. Accuracy and permanence of
calibration are cardinal features of this instrument. To insure this ac
curaC}' under all conditions no extra circuits such as a buzzer or de
tector are incorporated in the wavemeter. There is but one circuit,
the calibrated oscillating circuit, which consists of a condenser, induc
tance, and thermo-galvanometer. Such an arrangement requires a
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• GENERAL RADIO COMPANY
)1".... UI'ACTURERS OF

HIGH GRADE RADIO LABORATORY APPARATUS

CA~IBRIDGE, MASSACIIUSETTS

BULLETIN 703 NOVEMBER 1920

•

AUDIO OSCILLATOR
Type 213

The precision of most alternating current bridge measurements
IS in no small measure dependent on the source of power supplied to
the bridge. The wave form should be practically free from har
monics. Where a balance is indicated by means of the null method
wilh a telephone reeciver, the presence of hannonics of even vcry
small magnitude will prevent the accurate detennination of the bal.
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ance point for the fundamental. The frequency must remain constant.
The supply source should also be simple in its operation, rugged and
reliable. It was to meet these requirements that the General Radio
Co. Type 213 Audio Oscillator was designed.

The output of this oscillator is about 0.06 watt at HXX) qcles.
External binding posts are so arranged that three output voltages
may be obtained. The outputs obtainable with these three differ
ent connections are as follows;

Point Voltage Current

Low 0.5 volts 100 milliamperes
Medium 1.5 volts 40 milliamperes
High 5.0 volts 12 milliamperes

For some capacitance measurements it is desirable to use a high
voltage. This increased voltage may be obtained by connecting an
inductance and capacitance in series across the high voltage Olltput
terminals of the oscillator. By adjusting this circuit 10 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 approxi
mately 0.13 ampere. When ronning, the oscillator may be heard
for a distance of approximately twenty-five feet, or Illay be made
silent by enclosing in a sound-proof box.

<t'I-=::?~~'~~i=-,C~A<SER_.

•

OVTP/,Ir

TRAlurORNER

-,
IOOO-;:WPIO

OSCILLATOR
Ty",~ ./~

O~IY~/UIL R"IOIO=
e",,.,8Ill_/#/JJ

The circnits 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
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• comists 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 Hl.PS to permit the obtain
ing of three different output voltages. The u~c of the two tram'
formers prc\'cnlS the output wave from containing any direct current
component. Each transformer core has a small air gap to prc,rcnt
distortion of the wave form. Since. however, the maC:llCI;C circuits
;uc all nearly dosed iron paths there is very little otl'sidc field. Thb
fealure is particularly important where the oscillator is being usen
in dose proximity to the bridge. The tuning fork illsnrcs that the fre
quency be kept constant and at 1000 cycles. The rcson:l.1lce circuit is
carefully adjusted to this value. Since the oscillator is ~cJf·starting

it Illay be located at a point distant from the bridge and operated by
a switch placed at the bridge.

By the lise of the field magnetizing coil on one tine of the vi
brating fork, instead of relying on its permanent magnctism. 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 oscil
lator. lies very largely in the microphone button. I r the button
heats so that the oscillator cannot be rnn indefinitely. if the adjust
ment of the button is not pem13nenl, or if slight mechanical shock~

change its operating characterislic~ the oscillator has little commer
cial vallie. A distortion of as small an amount as one five-hundredth
of an inch from normal mica will destroy the perfect operation of the
button. In order that the button may be insensiti"e to mechanical
shocks and yet operate properly at IlXX) cycles. use is made of its high
inertia effect at the latter frequency. One side of the butlon is at
tached to the tuning fork b)' means of a short. flat spring. The other
side, which has a projecting mounting post. is held in position by a
specially designed self centering spring. This rombination of spring...
enables the button to withstand severe shocks, yet it has sufficient in
ertia so that perfect operation is obtained. The adjustment of the
button is permanent and needs no further attention after leaving our
laboratory. This type of mounting. together with the fact that the
electrical constants of the circuits have been adjusted to their Oft..

tilllum values, insures the continuous operation of the oscillator with
out heating.

It should, of course, be understood that this osci1tator is not in
tcnded to displace the larger types of oscillators used where se"eral
watts of output are required. It is intended rathcr for general lab
oratory use where power of good wavefnrlll is desired for a single
bridge. As the pureness of waveform is dependent on the 10:1d on the
o~cillator, whenever a pure waveform is essential the oscillator ~hotlld
!lOt be overloaded. This oscillator is adapted for the u~ual altemal
llIg current measurements of inductance and capacitam·e.
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The osc.iUator is mounted in a polished oak box and has :Tn C"lT

graved bakelite panel. The exposed metal pafts are finished in pol
ished nickel. The control switc.h is easily accessible and is oi the
convenient lock button design.
Type 213 Audio Oscillator. ····················· .$32.00

Dimen"ions 6" x 4~" x 5". Weight 4~ Ibs.
Code Word "AUGER.n

WESTERN ELECTRIC HEAD PHONES
Type l002-A

\\'here a scllsith-e high re!'istance telephone receiver is u'>Cd to in
dicate a bridge balance by the null method we rcrommend the u~e of
the Western Electric Type IOO2·A head phones. "ntis is a double
head sct complete with adjustable head-band. The re~i'4ance per p:tir
is 2200 ohms. The"e receivers are light, rug-ged and extremely ~en
siti\·e. Tn addition to being adapted to bridge work they are used
\'ery e."(tcn<;ively in radio receiving sets.
Price complete with cord ········· .$15.00

The products of the General Radio Company cover a complete
line of high frequency radio laboratory apparatus. Infonnation and
bulletins of special app."I.rattls will be sent on request. Our line in
cludes the following: Variable Air Condensers, Vernier Condenser,
Standard Condensers. Decade Condensers, Variometers. Standards of
Inductance. Stan(larc!s of Resistance. Decade Resistance Boxes, \Vave~
meters, Decade Brid~c. Capacity Bridge, Slide Wire Bridge, Audi
bility Meter,>, Hot \\rire "Meters, Galvanometers, Thermo-Couples,
Telephone Transformer, Miscellaneous Apparatus.

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

[This Ullllctin replaces Bulletin 701]
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• GENERAL RADIO CaMPA
M,\NUI"ACTl,;RERS OF

HIGH GRADE RADIO LABORATORV APPARATUS

CAMBRIDGE, MASSACHUSI-:TTS

BULLETIN 901 JANUARY 1920

•

VARIABLE AIR CONDENSER
TYPE 182

The design of thi!! condenser makes it particularly adapted for use in radio oscil
lating circuits. The plates are CUI so as to obtain a nearly uniform wa\'clength \"uia
tion throughout the entire n.oge of the condenser. This is particularly valuable io
circuits such as those used with vacuum lubes, where the ratio of inductance to
capacitance is large The capacitance at the zero end of the scale is \'cry low, being
less th"n 30 micromlcrofarads. The plates are heavier than those of the usual varia
ble condenser of this si~e, and the end supports are arranged to reduce the usual
dielectric losses. The rOlary plates are mounted on a steel shaft which runs in two
cone brass hearings, which permit of adjustment to any desired degree of turning
resistanc~, and of takin/{ up perfectly any wen which may occur in them after years
of service. Electric connection to the rotary plates is accomplished by a special flex
ible lead, thereby preventing any possibility of varying resistance which might result
were the bearings used for this purpose.

The case is of spun metal with our permanent hlack crystaline finish. The panel
is of Bakelite with cngril.ved lettering filled wilh white.

A sffiil.ll extension handle is provided for accuute adjustment.
This condenser is made in two sizes, of approximately 100 il.nd 1000 micro-micro

farads maximum capacitance respectively. The smaller condenser is 5~ inches
diameter x 4:4 inchu high and weighs two pounds, while the larger is 5~ inches
diameter x 5}i inches high aDd weighs two and one-half pounds.

[ Page 901 1



TYPE 182A Condenser, Max. Cap. 100 M.M.:t.

Code Word" CUDDY"

TYPE 1828 Same as abo\·e, calibrated at 10 points

Code Word "CUMIN"

TYPE IS2C (I8zA Unmounted) Without case, top, or binding posts,
but with scale and handle

Code Word "CUPID"

TYPE 182E Condenser, Max. Cap. 1000 M.M.F.

Code Word "CANDY"

TYPE 182F Same as above, calibrated at 10 points

Code Word "CANTO"

$12,00

13.60

8.50

13,60

15.00

•

TYPE 182G (18z£ Unmounted) Without case, top, or binding posts, but
with scale and handle 9.70
Code Word" CAPER"

HOT WIRE AMMETERS
TYPE 127

A high'grade hot wire meter s~ould conlain three definite qualities-ruggedness
of coostruction, quickness of action, and permanence of operating charllcteristics
In our Type 127 Meter carelul design and good workmanship are co·ordinaled 10

produce an instrument which is electrically and mechanically good, and which has
found a multiplicity of uses in the electrical art.

The expanding strip in these meters is of thin platinum so as to pn!\'enl oJ:idiu.·
tion. The type of muhiplring action is such that a more uniform scale is obtained
than with many small hot wire meters, The bearings which support the steel shaft
are of finest sapphire, a point which needs no further comment. Thtse meters have
been corrected for temperature so that there is very lillie shift of zero. This type of
instrument is equally accurate on direct or alH~rnating current of any frequency.

\Vhile tLe illustration on Page 903 sbows ooly the portable type of instrument,
these meters are carried in stock in types suitable for use on switchboards. In
mounting the flush type of meier an opening in the panel of z)i in, in diameter should
be provided for. I n mounting the lront-of·board type allowance should be made for
the case which is 3 in. in diameter. In addition 10 the sizes listed these meters can
be supplied with maximum range of .1, .%5 and .5 ampere.
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RANGE CA>' CODE WORD

Amp. Portable Molar
, Amps. Portable Monad

J Amps. Portable Moral

5 Amps. Portable Mummy,. Amps. Portable Musty

Dimensions 3 in. x 4 in. x I ~ in. high. Weight 10* oz.

Amp. Front of Board Manor, Amps. Front of Board Marry

J Amps. Front of Board Mason

5 Amps. Front of Board Malin.. Amps. Front of Board Maxim

PRICE

$11.00
11.00
11.00
11.00
11.00

10.00
10.00
10.00
10.00
10.00

•

Dimensions 3 in. d. x l~ in. high. Weight 9 oz.

Amp. Flush Mounting Merry 10.00, Amps. Flush Mounting Metal 10.00

J Amps. Flush Mounting Mimic 10.00

5 Amps. Flush Mounting Minim 10.00,. Amps. Flush Mounting Minny 10.00

Dimension. 3 in. d. x I~ in. high. Weight 9M. oz.

( Page 903 1

$9,00

For use particularly in wavemeter circuit we can supply this meter uncalibrated,
with ~alvanometer scale of 100 eQIlOlI dh'i5ions, in any type of mounting, The
expOInding filament will carry .~-50 milli·ampcres and has a resi5tance of approximately
one ohm.

Price

~.



AMPLIFYING TRA SFORMER
TYPE 166A

There are many points which must be considered in the design of a satisfactory
amplifying transformer. The primary mIlS! ~ capable of receh·ing the maximum
amount of energy while the secondary must deliver this energy undistOTted in wave
form, and at the correct potential to the grid circuit of the amplifying tube. Low
losses aDd low di~tributed capacitance are also ver}' desir;l,ble features. These points
have been carefully worked out in our type I66A transformer. Special attention has
been giyeD to the impedance ratio to make these transformers especially satisfactory
for use with tubes ha\'ing the cbaracteristics of the Western Electric Co. VT-I and
the Marconi Co. Class I and I I. The compactness of this instrument greatly adds to
its utility.

The panel is of Bakelite, with engraved lettering fined with white. The binding
posts and cap nuts are finished in polished nickel. The supports are finished in black
enamel.

TYPE 166A Amplifying Transformer $7.00
Dimensions 2U in. x 2~ in. x 2J( in. Weight I lb.

Code Word "TALLY"

TYPE 166A Same as above but unmounted 4.50
Dimensions 2~ in. x 2J( in. x l}f in. Weight [0 oz.

Code Word "TARDY"

•
f
\

Supports for mounting . . . .

[ Page 904 ]

.75



$12.50

•
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I.

TUBE SOCKET
TYPE 156

The salient features of this socket art the positive contact springs and its unusu
ally substantial and attractive appearance. The base is of moulded Bakelite, while
the tube and terminal screws are of brass with a polished nickel finish. This socket
is adapted to any of the standard American four'prong tubes. Transmitting tubes
can be used in this socket by simply changing two screws.

TYPE 156 Socket . Code Word" SOBER" . $1.75
Dimensions zJ{ io. x~:4 in. x 1:( in. Weight 4 lIZS.

MARCONI VACUUM TUBES

These tubes are released by the Marconi Company and are for experimental use
only. They are manufactured under Fleming and DeForest patents. In ordering,
specify whether Class I (detector) or Class II (amplifier) tubes are desired.

Price each $7,00

WESTERN ELECTRIC HEAD PHONES
TYPE I002A

This receiver, formerly known as the" PI I," was adopted as standard by both
the Army and Navy during the war. Combining as it does, sensitivity with great
ruggedness, it is unusually well adapted to use in the laboratory and in the receiviog
station.

Price, complete with cord
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12 STEP mOVCTOR., -- -'- fJ_--_00

10 STEP INDUCTOR

TYPE 111

The nJue of concentrated inductances for radio work has long been recognized,
but it was not until the development of banked and sectionalized windings to reduce
distributed capacilance and dead cnd effects Ihat tbis type of inductance became pos·
sible. The funher possibility of obtaining mutual coupling between three or four
different circuits, such as is necc!S;lry when vacuum lubes arc used, makes this lype
of inductor almost ;l necessity. By changing the distance between units any desired
degree of coupling may be obtained. These inductances arc wound in sections,
separated from each other, and contained in an oak case with engraved Bakelite
panel. The metal paris are fioished in polished nickel.

The table given below shows the wavelength at which these inductances will
oscillate when used with a condenser of 1000 micro-microfarads capacitance. The
approximate resistances o(these inductances are respectively 1,6,45 and 68 ohms.

Dimensions 8 in. x 7 io. x 4~ in. Weight .. lbs.

MAX. lND. WAVE- CODE

T\'PE MILLI-HE:-lRYS LE:>GTH WORD I'RICE

Ute ,~ Abbot $18.00
1110 '0 6000 Abhor 18.00
111£ 11 "~ Abide 18.00
I11F , 5° '4~ Abyss 18.00
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RHEOSTAT
TYPE 214

The above illustration shows the back of panel type; when mounted only the
knob and pointer projecting through the panel. Portable type of rheostat can also
be supplied. The resistance of this ins!rumeol is about 7 ohms and it has a current
cll.rrying capacity of 1.5 amperes. Ruggedness of construction and smoothness of
operation make this rheostat especially adapled to laboratory and radio use. It was
particularly designed for use in regulating the filament current in vacuum lube cir
cuiu Other resistances up to 400 ohms can be supplied at a slightly increased COSio

Dimensions 3 in. d. II 2}( in. Weight 7 Ot.

TV!'£

214A
2148

)I0USTISG

Panel
Portable

CODE WOKI)

Rur.al
Rusty

!'RICE.

$9.50
2.50

TilE GR BUZZER
TYPE 178

This buner has been designed for laboratory and radio use and c:ombinu pure
ness of tone, simpllcitl' of adjustment and durability. The buu.er ..... ill operate COD

Iinuously 00 one or two dry cells .....ithout adjustment. The CUlreot dra .....n is approxi
mately 30 milli amperes.

Dimensions 2in. x lJ( io. x I in, Weight J Ol:,

,.
I
\

n'PE

178A
178B

MOUSTISG

Above Panel
Below Panel
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CODE WORD

Befog
Beget

PRICE

$2.00
2.00



The products of the General Radio Company are not limited to the
instruments list cd in this bulletin, but cover a complete line of high fre
quency radio laboratory apparatus. Information and bullctins of special
apparatus will be sent on request. Our line includes the following
instruments:

Variable Air Condensers
Vernier Condensers
Standard Condensers

Decade Condensers
Variometers
Standards of Inductallcc
Standards of Resistance
Decade Resistance Boxes
Wavemetcrs
Decade Bridge
Capacity Bridge
Slide \-Vire Bridge
Audibility Meters
Hot Wire Ammeters

Galvanometers
Thermo-Couples
Telephone Transformer

All prices in this catalogue are strictly net, subject to change with
out notice, F. O. B. Cambridge, Massachusetts. Cash should accompany
orders from persons or firms with whom we have not already opened
accounts. Unless otherwise instructed we shall llse Oll( own judgment
regarding method of shipment.
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• GENERAL RADIO COMPANY
MASU~'ACTVRERS OF

HIGII GRADE RADIO LABORATORY APPARATUS
C... .\IBRII>GE, ].IASSAClIUSElTS

BULLETIN 902

DETECTOR SET AND AMPLIFIERS

MAY 1920

•

VACUUM TUBE DETECTOR
Type 211

The radio experimenter lIsually demands that his apparatus be in
separate units so that he may change the connections and tryout the
points of superiority of different circuits. lie m~ts. however. with the
limit2:ion, particularly when working at short wavelengths, thai his
apparatus Illllst be arranged as compactly as possible so that the a1llC'1'nt
of wiring may be kept at a minimum. These considerations ha\"c re
sulted in tbe luning inductances and condensers being kept sepa.rate and
the instruments of the detector circuit being mounted in one compact
unit.

The General Radio Co. Type 211 Vacuum Tube Dctector Set ha'i
been designed so that the component instrumcnts arc mOlllllcd ill one
compact unit. yet arc available for allY desired circuit challge~. The
instruments in Ihis set consist of a variable grid condenser, a cartridge
type grid leak, filament rheostat, tube socket, filament switch, and the
necessary c.xternal binding posts. These units which are mounte<! in
a polished oak cabinet with plate battery compartment, are all General
Radio Co. standard instruments. The exterior metal parts are finished

[page 901}J



in poli~hed nickel. Insulated binding posts, hmYcver, arc used for th~
filament battery cOll11ectiOll. This is a very desirable feature in that
it minimizes the possibility of a short circuit, due to the possible slipping
off of a loose lead. The cngraved bakelite p•.'mel on which all of the
units are mounted is held in position by knurled screws and may be
readily removed permitting an examination of the separate instrument:>.
:\lounted on the hinged CO\'er of the c..1.bine! is a wiring diagram showing
atl the connections of the set.

Special attention is called to the fact that a valuable grid condenser
and a grid leak are included in this set. They prO\'ide a very con
\'enient method of controlling the operation of the tube. This is very
essential if the maximum results are to be obtained from the set. A
peep hole in the panel is provided so that the brightness of the filamcl1l
may be observed.

The plate b.1.ttcry compartment is designed so that it will take a
single 22 volt battery of the Navy Standard Type. For tubes requir
ing more than 22 volts the smaller or Signal Corps Type of b..1.tlery
should be u"ed. There is sufficient space for fi\'e of these units thus
permitting of the use of voltages up to 110. The filament rheostat
is adapted for either a 4 or 6 volt bauery,

Type 211 Detector Set, ,., " ", $32.00
Dimensions 9'" x r x 9". \\'eight 60 Ibs.

Code Word ·'DETER."

VACUUM TUBE AMPLIFIERS

Types 206 and 215

[Page 910]
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AltentiOIl is caned to the great flexibility of the two step uni!. By
means of a single drum switch. constructed to ha\'c high insulation re
sislance and very low elC(:trostatic capaeit:mcc. the conncctions may be
shifted so that the amplifier is entirely cut out. one stage only l1::.ed. or
both stages connceted_ This switch prO\'ides positi\·e cOlllrol inc1udillg"
the tube filament circuits: thus when :.witch ic; sct (,In "DCIf'Clor" no am
plifier tubes are burning and when SCt for onc stagc only one amplifier
tube is burning. Complete control from thc detector to I\\"0 stages
of amplification is thus prm'ided without the neces:>ity or changing a
:.ingle connection .

Ahhough originally manufactured for laboratory lise in cotlm.'Ction
with sel1siti,'c bridgc work the General Radio Co, Types 206 and 215
Vacuum Tube Amplifiers have found a wide field in the hands of those
I'":l.dio experimenters who demand only the best. These amplifiers 3re
Ill:l.de in one and two stages. The height and depth of the cabinets
is the same as that of the Type 211 De:eclor Set. This identity in size
is very conveniem when connecling units togelher :l.nd in addilion pre
sents a llluch neater appearance when units are arranged for a per
manent setup, The energy amplification of each stage is aP'Proximatel~'

400.
Each amplifier unit consists of an amplifying transformer. tube

socket. fil3ment rheostat and control switch, all of which are GenerJ.I
H.adio Co. standard instrumems. The am]llifying tram former is our
Type 166A. described in Bulletin 901. and which has been so success
fully used in many efficient recei\'ing stations. The finish and moullling
i::. similar to Ihat of the Detector Set. A peep holc i:; provided for ob
serving the vacuum tube filament.
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The panels of both the one and two step units are removable so
that the wiring and the sep.arate instruments may be readily examined.
The covers of the cabinets are hinged, and on each is mounted a wiring
diagram showing the complete connections of the set. The plale bat
tery compartment will take the same batteries as the detector unit.
The filament rheostat is adapted for either a 4 or 6 "olt battery.

Type 206 1 Slep Amplifier "., $28.00
Dimensions 8 w x r x 9", \ \.eight 6,'4 Ib.>,

Code \Yord "A~\IPLE,"

Type 215 2 Step Amplifier, ", .. ".,.", .$50.00
Dimensions 10" x r x 9w

• \Yeight 9}'i Ibs.
Code \Yord '·.-\:\:\EX."

The abo\'e prices do not include either vacuum tubes or baneries.
but we can supply:
),!arconi Yncuum Tubes-Clas,; I or Class IT .. " ,.,." .. ,$7.00
:\a\')' Standard Type Dry Batteries-22 \"olts " "" .$2.50

The products of the General Radio Company cover a complete
line of high frc<!uency radio laboratory app..1.rntus. Information and
lmlletins of special apparatus will be sent on request. Our line includes
Ihe following: \'ariable Air Condensers, \'cOlicr Condenser, Standard
Condensers, Decade Condensers, Variometers, Standards of Inductance,
Standards of Hesistance. Decade Resistance Boxcs, \\'avemeters, De·
cade Bridge. Capacity Bridge, Slide "'ire Bridge, Audubility ),[eters,
Hot \Vire :'-Ieters, Galvanometers, Thermo-Couples, Telephone Trans·
forlller, ),\ iscellalleolls Apparatus.

All prices in this bulletin arc strictly net, subject to change without
further notice, F. O. B. Cambridge, lHass. Cash should accompany
ordcrs from pcr~on~ or firms with whol11 we have not already opened
aCCO\lI1ts, Unless otherwise instructed we shall use our own judgmcllt
regarding method of shipmellt.
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• GENERAL RADIO COMPANY
MA~WFACTURERS OF

HIGH GRADE RADIO LABORATORY APPARATUS
CA),IBRILlGE. MASS.... CHUSEITS

BULLETIN 903 AUGUST 1920

•

RATIO ARM BOX
Type 210

For many laboratory measurements such as \Vheatstonc bridge or
impedance bridge measurements, when a complete bridge is not avail
able. it is \'cry convenient to have mounted in one unit suitable resist
ances which may he tlsed as ratio arms. Such an arrangement is also.
convenient for companng capacitances, without the use of a com
pensating resistauee, where errors of the order of olle or two per"
cent are permissible.

The type 210 Ratio Arm Box consists of two similar arms, each
with 1000 ohms lotal resistance, and I\·jlh intermediate taps at 1-3-10
30-100-300 ohms. The resistances are the Aryton-Perry type, de~

scribed in our Bulletin 201. They are lion-inductive and have very
low distribwed capacitance. The current carrying capacity is five
hundredths of an ampere. The accuracy of adjustment is 0.1%.
These resistance units are mounted in it polished oak box fitted with an
engraved bakelite pane1. The dial switches are our standard bridge
type and have a low and constant resistancc.
Typc 210 Ratio Arm Box.......... . $36.00

Dimensions 70" x 5" x 4". \Veight 2}.4 lbs.
Code Word "RABID"
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UNIVERSAL GALVANOMETER SHUNT
Type 229

\Vhen indicating a bridge balance by means of a g-alvanomclcr,
It IS desirable to have a !<hullt for protecting the galvanometer dur
ing the preliminary adjustments. A calibra'ed shunt is also (le~irab[e

for e..,,<tcnding galvanometer ranges when used for the T1le:l~urcmcnt
of small currents. The most convenient type of a galvanometer shunt
for general laboratory lise is the Aryton-:\1ather Ulli"cr&1,] type.
The relative multiplying factors of this shunt remain constant for
any resistance galvanometer.

Our Type 229 Gakanomcter Shunt is arranged in accordance
with the Aryton-:\father principle and has a total resistance of llXlO
ohms. Taps are arranged to pennit a reduction of the galvanometer
current to .001-.01-.1 of the maximum. A short circuit point is also
provided to gi,·e complete protection to the galvanometer when so
desired. The control is by means of our standard bridge Iype of dial
switch.

This shunt is mounted in a polished oak box wilh eng-raye<!
bakelite panel. Separate pairs of binding posts are provided for the
bridge and galvanometer connections.
Type 229 Universal Galvanometer Shunt. $18.00

Dimensions 5" x 3;4" x 30". \Veight 1 lb.
Code 'vVonl "GAVOT"

WESTERN ELECTRIC HEAD PHONES
Type lOO2·A

\/"Ihere a sensitive high resistance telephone receiver i;; used to in
dicate a bridge balance by the nun method we recommend the lise of
the Western Electric Type l002-A head phones. This is a double
head set complete with adjustable head-band. The resistance per
pair is 2200 ohms. These receivers are light, rugged and extremely
sensitive. In addition 10 being adapted to bridge work they are used
very extensively in radio recei,·ing sets.
Price complete with cord $13.00
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TELEPHONE TRANSFORMER
Type 166

For many purposes around a laboratory a small iron core. trans
former of high and adjustable impedance is extremely tl~ful. ft may
be u.sed to ad,-antage in impedance bridge.~ employing a telephone re
cei'"e.r to detect the balance point. \\'i,h this tralll'foTmer it is pos:.ible
to adju!'>! the impedance of the telephone circuil to the mOSt So."\tisfac
torr '"alne for the bridge circuit, independent of the telephone receiyer
impedance.

The winding is all on one leg of the COre but is in two separate
p.."\rt5 so a.~ to be used as a primary and !OeCondary. These windill~s.

however, may be connected in series should it be desired to use an
au'o transfonner connection. Taps are broug-ht out on both the pri
mar)" and secondary windings so that il is pos"ible to '"ar)' the impe
dance and the ratio of trallsfonllalion. A small air gap is left in the
iron core to pre\-ellt any possible distortion of wa\'eform due to satu+
ration of the iron. The panel is of bakelite with engra\'cd lettering.
Kiekel plated binding postl'- are used as tenninab for the taps. The
following table shows the number of turns between each set of bind
ing posts.

PRiMARY SECONDARY
142 150 Turns 5-6 1200 Turns
2-3 300 Turns &.7 2400 Turns
3-1- 600 Turns 7-8 4800 Turns

Type 166 Telephone Transformer $9.00
Dimensions 2Y.i" x 20" x 2;4"". \\'eight 2 lbs.

CO<le Word "TOPIC"
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MODULATION TRANSFORMER
Type 166M

This transformer is similar in general design to the Type 166
Telephone Transformer. The windings. howen~r, ha\'c no interme·
diate taps as they have already been designed to give the proper ratio
of transformation. This transformer is used in radio telephone cir
cuits to increase the grid modulation over that which would be ob
tained by a dircct connection of the telephone transmitter. It is
adapted for usc with tubes having up to ten watts output. The pri
mary will carry 0.3 ampere cOlliinuotlsly.
Type 166:\1 l\'lod111aliol1 Transformer. $7.00

Dimensions 2Y.j" x 2~" x 2}'4". \\reight 1 lb.
Code Word "TAPER"

Type 166M. Same as above only unmounted ~.SO

Code Word "TARRY"

AMPLIFYING TRANSFORMER
Type 166A

Also similar in gcncral desig'Tl to the Type 166 Telephone Tran,;
former is the Type 166.\ .\mplifying Transformer. Like the :\lodu
lation Transformcr this instnullcnt has a fixed ratio of transfonnatioll.
It is designed for coupling vacuum tube circuits for amplifying pur
poses.

The desiJtll of this transformcr is such that the primary will re~

ceivc the maximU111 amount of energy and deliver it ul1distorted in
waveform at the correct potential to the grid circuit of thc amplifying
tube. Care has bccTl taken 10 keep thc losses and the distributed ca
pacitance as low as practicable.

The primary has a direct current rcsistance of approximately
lQ(X) oluns and an impedance of 20JXlO ohms at IQ(X) cycles. For the
secondary these '"alues are 500J and 300.00J ohms respectively. This
transformer is illustrated in Bulletin 901.
Type 166A Amplifying Transformer." $7.00

Dimensions 2rf' x 2'y<;" x 2}4". \'"eight 1 lb.
Code \Yord "TALLY"

Type 166A. Samc as above only unmounted $4.50
Codc \Yord "TARDY"

Supports for mounting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .75

The products of the Gencral Radio Company CO\'er a complete
linc of high frequcncy radio laboratory apparatus. Information and
bulletins of spccial apparatus wi1l be sent on refines\. Our linc in
cludes the following: Variable Air Condensers. Vcrnier Condcnser,
Standard Condcnsers, Dccadc Condenscrs, Variometers. Standards of
Inductance, Standards of Resistance. Decade Resistancc Boxes, 'Vave~

meters. Decade Bridg-c. Capacily Bridge, Slide Wirc-Bridge. Audi
bility Meters, Hot \\lire :\[eters, Gah'anometers, ThemlO-Couples,
Telephone Transformer, Miscellaneous Apparatus.
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• GENERAL RADIO COMPANY
~lASUFACTUI<ERS OF

HIGH GRADE RADIO LABORATORY APPARATUS
CA~lIlRIOGE, MASS.-\C1IUSETTS

BULLETIN 904 DECEMBER, 1920

•

VARIABLE AIR- CONDENSER

TYPE 182

The de~igll of thi~ condenser lllake~ it particularly adapted for use
in radio oscillating circuits. The plates art' Cll! :"0 as to obtain a nearly
uniform wa\"e1cnglh yariation throughout the entire range of the con
denser. 'This is partiCllbrlr valuable in circuits sl1ch as tho:>c u~ed with
vaCUU111 tubes, where the ratio of inductance to capacitance is large.
The capacitance at the zero end of the scale is '"cry low, being less than
30 micro-microfarads. The plates are heavier than those of the usual
yariable condenser of this size. and the end supports are arranged to
reduce the usual di('lectric losses. The rOtary plates are 1110tlllted on a
steed 1<haft II"hich runs ill two cone bra~s lwaring-s. which permit of
adjustment to any desired degree of turning resistance, and of taking up
perfectly any wcar which may occur in them after years of service.
Electric connection to the rotary plates is accomplished by a special
fiexible lead. thereby preventing any possibility of varying resistal1ce
which might result were [he bearil\g-~ used for tllis purpos('.

The case is of spnn 111etal with our permanent black crystalline fin
ish. The panel is of bakelite with cngraycrl letteri:lg filled with \\"hite.
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,-\ small extcn!-ioll handle is provided for accurate adjlhtllH'lIL
This cOlldellS<'r is made in twO sizes, of approximately 700 and 1000

micro-microfar"ds maXill1lUll capacitance respecti\·ely. The smaller
condenser is 50 inches diameter x 4% inches high and weighs two
pounds. while the larger is 5)1, inches diameter x 5}8 inches high and
wcighs two and one-half pounds.

Type 182A Con<!cn"'Cr. ~"'x. C"p. 700 :\I.~I.F $IUX)

Code Word "CUDDY"

Type 182B Sallie ae; :l.oo\"c. calibrated at 10 points $13.50

Code Word "CU:\IIX"

Type I82C (182,.1. Cnmountcd) \\'ilhollt case, lap, or binding
1"'*. but "';Ih "'ak and handle $8.50

Code Word "CUPIO"

Type 182E Conden"Cr. :\Iax. Cap. I(X)) :\r.:~LF $13.50

Code \Yord "C.\XOY"

Type I82F Sallie ae; al)(wc. calibrated at 10 points ~15.00

CO£le Word '·C.\XTO"

Type IS2G (182E UllInOI1llt<"d) \\'ilhollt ca<:e. top, or hinding'
poste;. hUl with <:;c"le and handle. . $9.70

Code \\'orcl "C.\PER"

THE GR BUZZER

TYPE 178

This buzzer h;'te; heel1 designed for laboratory amI radio 1\~C and
combines purel1ess of tone, simplicity of adjustment awl durability. The
buzzcr will operate continuously on one or tll'O dn' cells wilhout ;'tr\jl1st~

ll1en!. The current dl":\l1'l1 is approximately 30 milli amperes.
nill1("ll~ions 2 in. x I~ in. x 1 in. Wt:ig-l11 3 oz.

•
i

,
•

Type

178B

Mounting-

Below Panel
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Price

$2.00

$2.00



f
RHEOSTAT
TYPE 214

The aho\"e il1u~tration shows the back of panel type; whell mounted
only the knob and paimer projecting through the panel. Portable typc
of rheostat call also I~ supplied. The resistance of this instrument is
3bollt i ohm., and it has a currellt~carryillg capacity of 1.5 amperes.
1~llgg:etlllc:-:- of construction and STllootlmc:-s of ol~ration make this
rheostat c:-pecially adaptcd to laboratory and radio usc. It was par
ticul3rly designed for u~e in regulating- the filament current in vacuum
tube circuits.

Type
21-J..:-\
21'R

Dimen~ions .) in. (I. x 2)4 in. \\"eight i oz.
~[ounting Co<le \\"ord

Panel RURAL
Portable RL'STY

Price
$2.50
SZ·5:J

•

Thi,., rheo,..tat is al~ sup'llied in standard si7.c~ of 80 and 350 ohm~.
Sr~("ial rcsi,.,tallces up to 350 ohms may also be supplie<1. but the total
CI1('f~y ab;;orbcd should not exceed 16 watts. Connection may be made
to the "witch blade by a third binding IXht. thus cOllvening the rheostat
ill'o all excellent pOlemiolllcter useful far biasing grids and for many
Olhcr purposes.

Price of 80 and 350 ohm sizes .....................•.. ··.···· .$3.50
.-\c\<!ition for potcntiometer <.-ollnection...... . $.50

WESTERN ELECTRIC HEAD PHONES
TYPE 1002A

This receiver, formerly known as the "PILl> was adopted as stan
danl by both the Anny and Xa\")" during- the war. Combining as it
(lo<:~. sellsiti\·ity with great rug"ge<!nc,.s. it is 1II1lhuatly well adapted
10 1I:.;e in the laboratory and in the recei\"ing station.
Price. complete with coni. $15.00
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.., ,$5.00
. .. $6.50

........... $8.00

VACUUM TUBES
The Radio Corporation of America is now selling for experimemal

usc vacuum tubes dc\"eloped by the General Electric Co. \Ve can supply
any of these tubes.

Two types of detedor and amplifier tubes are now available, the
Radiotron UV 200 and RadiOIron UV 201. The former is a g-as tube
and requires an accurate adjustmeJlt of the plate voltage for satis
factory detector action, Jt operates on a single standard 220 volt plat,·
battery for either detector or amplifier. The latter is a more stable
tube than the former and may be used without adjusting the plate
voltage. This tube may he used with one or IWO 22}'2 volt plate batteries
<ltld when used as an amplifier up to five plate batteries may be used
with iU<Tcasillg amplification.

For transll1iting purposes fi\"c waiL pliotron tnhes requiring plate
voltages of 350 are available. Information regarding larger size power
tubes will be furnished on request.
Radiotron UV 200 Vacuum tuhes ..
RadiOiron UV 201 VaCl1tllll tuhe~.

Pliotron 5 walt IranSlllitling tubes

HOT WIRE AMMETERS
TYPE 127

!n spar.k transmitting stations a radiation ammeter is a great eon
\,ell1ence; 111 COlHinUOIlS 1I':'I\"e stations it is almost a necessity. It is
also desirable to know the filament cnrrent of vacuulll tuhes. This is
particularly true of transmitting tubes. The charging rate of storage
b;:ttleries should be known. These requirements of experimental radio
stations make it llcces"ary to possess an rtmmetcr equally accurate on
direct C\ltTe!lts and on Ctlrrents of radio frequency. Such a meter should
have low impedance. It should be rugged and reliable. The Type 127
Ilo! \\'irc Ammeters were built to meet these requirements. Durin~

the recent war the U. S. Army and Kav)' used large !lumbers of thes\.:
meters.

The cxp;tnding- strip in these meters is of thin platinum, so as to
preyent oxidation. It is so proportioned that it works at a low tem
perature and is of loll' resistance. These are two highly desirable
features, since the [onner permits reasonable overloading without burn
ing- Ollt. and the latter minimizes the losses,

The type of tl1ultiplyin!Z action is sud, Ihat a more uniform scale is
obtained than with many hot \\"irc meters. These mctcrs ]lavc becn
corrected for temperature so that there is yery little shift of zero. AllY
necessary correction may be made by adjusting- a knurled screw.

These instruments are made in three types, the f1l1sh 111ollluing" for
use on panels, the front-of-board mounting for usc on switchboard",
and the portable type for gencral Ilse, Tn mounting the f1t1Sh type of
meter all opening in the panel 2% inches in diametcr should be provided.
In mounting- the front-oE-hoard type allowance should be made for a
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ca,.,e 3 inchC$ in c1i:ltllCler. The flush typc mctcr" arc mounted ill metal
cases finished in black japau. while the frollt-Or-board aud portable
types ha,'c cases of moulded bakelite.

I

\
TYPE 127A

Rallg-c Code Word ea<;e Price
ICO :\1 il1i-.\mps. :\!ED.-\L FIl1~h :\IOlllltill~ $Q.OO

Y.i Amp. :\IERCY FIll~h :\rnulltill( 7]S
y, .\lIlp. MERIT FIlI~h :\IOIulling- 7]5
I Amp. :\fERRY Flush ;\Inllnting- 7.75

2.5 Amps. :\fr\'O]{ FIIl~h :\Iollntin~ 7.75
5 Amps, :\11\'1:\1 F11I~h :\10I1llting- 7.75

10 Amps, ';\L! X:\ 'L FIlI~h :\lnl111lill~ 7.75
Galvanometer :\lJTER F!tl~h :\ll'IllIting- 7.25

Di1l1("llsions 3 in. x l'~ ill, \\'eiJ.:ht 91~ 01.

TYPE 1278
ICO .:'0.1 illi-. \mps. :\fAYOR Front of Boare] 9.00, .\mp. :\[AD:\:\[ Front ()f 1\0..1. rd 7.75,

,/, Amp. :\1.\.I0R Front oi Board 7]5

1
I .\l11p. :\L\XOR Front of Bflard 7]5

2., Amps. :\f.-\PLE Front oi Bn:lrd 7.75
5 _\mps. ).L\TI:\' Front of Board 7]5

10 .\mps. :\1..-\ X r:\l Front oi Board 7.75
Gal"anollleter :\I.\GIC Front of Board -0-/._'"

Dill1ell~ions 3 in, d. x l!~ in. \\'ci~ht Q Oi':.

TYPE 127C
ICO :\1 iJli-, \mps. :\flJC.GY Portahle 10.00

"' ,\mp. :\10Cll.\ Portable 9.00

'" .\ lllp. :\10(;("1. Portable 9.00,
I Amp. 1IOL-\R Portahle 9.00

2.5 Amp... 1[OTOR Portahle 9.00
5 AmJls. :'-IU:\1:\1 Y Ponahl(· 9.00

10 \rnp", "lUSTY Portable 9.00
Ga I\ anOlllcter :\IOTTO Portable 8.50

Dimension" :) in, x --l- in. x 1Vi in. \\'eight IO I ,! 01 .

• [Page 9Zl]



AMPLIFYING TRANSFORMER
TYPE 166A

There arc many POillb which must be considered in the design of a
~ali~factory amplifyin~ tramforlllcr. The primary IIm"t he ('ap;1ble of
receiving- the maximum amOunt of cner<,;y while the secondary Illlh'!

ddi,"cr this energy undi.. torled ill \\"a\'(~-fOTm. and at the correct potential
to the Wid circuit of the amplifying tube. Low 105,;{'5 and low dis
IrihtllCd cap.'\cit<lncc arc ,11-'0 ,"ery desirable features. Thc:>c point..;
ha\"c been carefully \\"orkcd out ill our type 166:\ transformer. Special
attention ha::. been g-ivell to the impedance ratio to make thc~ trans
formers e"pceially <:atisfaclOry for u>'c with wbcs rcecntly made :l\"ailablc
for experimental usc. The cQlllpactnc,..s of this illslmmcnt greatly add;;
to ils tltilit)'.

The primary has a dirttl current resistance of approximately I(XX}
ohm" and an il1lpt'llallce of 20.COO ohms at 1000 cycles. por thc second
ary thcse valuc,> arc 5000 and 300,000 ohms re~pectively.

The pancl is of bakelite, with cllgra\'ed lettering" filled \\·ith while.
The hinding" PO!\ts and cap nuts are finished ill poli~hcd nickel. The
support!\ :Irc filli:-hcd ill black cnamel.

Type 166A Alllplifyin,Cr 'J'rallsformcr
Di11lcn,>iolls 2}:i" ill. x 20 ill. x 2;4 in. Weight llh,

Co(1c \\'onl "TALLY"

$7.00

Type 166A Samc as aho\'c only nlll1l0ulltcd.
Code Word "TAHDY"

.. $4.50

Supports for mOullting" .............................••...... $ .75
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MODULATION TRANSFORMER

TYPE 166M

This transformer is similar ill general design to the Type 166A
Amplifying Tr;:msformcr, and is used in radio telephone circuits to
inncasc the g-rid modulation over that which would be obtained by a
direct l"Onllcction of the telephone transmiuer. It is adapted for use
with lUbes having up to ten watts output. The primary will carry 0.3
ampere continuously.

Type 166\[ Modulation Transformer., $7.00
Dimensions 2;Vi in. x 2;4 in. x 2;4 in. Weight lib.

Coc]e \\'ord "TAPER"
Type 166i\! Same as above only ullmounted. . $-l.SO

Code \\'ord "TARRY"

TUBE SOCKET
TYPE )56

The ~1licl1t feature" of this socket afC the positi\"c contact spring'S
and it.. 1Il1u-.ually substantial amI attractive appearance. The base i"
of moulded hakelite. while the tube and terminal screws arc of bras~

with a po[i"hOO nickel finish. This ,..ocket is adapted to any of the
~tandard .\merican four-prong tube". Tram:mining tubes can be ll"eJ
in this socket by simply dL.1.l1ging two screws in the sOI..-kct ba;;c.

Type 156 Socket SI]';
Cord Word "SOBER"

Dimc.",iOllS 20 in. x 20 in. x 1.J~ in. Weight..J. ozs.
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DIRECT READING WAVEMETER
TYPE 174

The aboH cut ;1I11~'ratc~ om.' of the complete line of General Rad~o
Co. W:\\'CTllc!cr~. Tltl" w;,\\,cmeter i .. direct n~ading and ha" a ran~e
of 150-.'K)(X) m('ler... Jt j" c01llpktc \\·jllt hot wire gah';\nO,nClcr, de
leClOr, buu.cr, haltcry. and binding" po"ts for telephone attachment.

Information r('g'artlin~ w;l.n'l\1l'ter" for ronr particular lILcd" will b~'

"ClIt 011 fC(JI1C!'1.
Type 174 Din.',1 J{(,:l.c1ill!{ \\":\'"cmclcr. ······· .S68.O'J

Cord \\"ord .. ,Y!TTY"
J)illlcll~ioll:" 9 in. x 7 in. x 6 in. \\"cig:ht 6~.j Ihs.

The product.. of the Genera! Radio Company co\'('r a connlCIC lin~
of high {r('quel1l:r r<l(lio laboratory apparatus. Inforlllation and hulletin"
of spedal apparaills \\';11 be st:'llt on reC]l1e~t. Our line include" the
following": \'ariahle Air Condenscr,.;. Vernier Condel1 s("r, StalHlard
Condell:-;crs, Dc('<\ck CO!lc\("nscr", \-ariometcr", Standards of lndllC!<llH'C,
Standards of I~('"i<;tnncc, Dccadc Re"i,,'ancc nox('<;, \ravCll1etcr<;, De
cacle Hri<lge. Caparity Hriog"c, Slide Wire Bridge. Audibility l\rctcr~.
Hot \\'ire ?llctc!'", (;;l!vanOl11{'t('rs, Tll<'rIllO-CulIp1es, Telcphone Trans·
former. :\li5rel1<1I1("0I1" .\pparatm,

All pricc~ in this hulklin afC strictly net. subject to cbang'c with
out notice, F. O. B. Camhriclg'f', .\13<;'" Ca"h should a'xompany ordcr.~
from pcrsons or tir111S with whom wc h<l\'(' not already opcnrd ac
counts. Ullle"s olherwi"e il1"tructed we shall I1"C our 0\\'1\ j\l(I~l11en,

rcgar<liug' method of shipm('nt.
[This Bulletin replaces Bulletin 901]
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BULLETIN 905 DECEMBER 1920

RATIO ARM BOX
Type 210

For mallY laboratorr measurements stich as \Vhcatstonc bridge or
impedance brid~c measurements, when a complete bridge is not avail
able, it is vcry convenient to have mounted in one llllit suitable resist
ances which may be used as ratio arms. Stich an arrangement is also
convenient fo comparing capacitances, without the use of a com
pensating r lStance, \dlcre errors of the order of one or two per cent
arc pcrmis lble.

The ype 210 Ratio Arm Box consists of two similar arms, each
II'llh I ohllls total resistance, and with intermediate laps at 1-3-10-
30-100-, 0111115. The resistances are the Ayrtan-Perry typc, de-
scribed in our Bulletin 204. They are non-inductive and have very
I stribllted capacitance. The current carryinK capacity is five
hundredths of an ampere. The accuracy of adjustmcnt is 0.1 0/0.
These resistance units are mounted in a polished oak box fitted with an
engraYed bakelite panel. The dial switches are our standard bridge
type and ha\'e a low and constant resistance.
Type 210 Hatio Arm Box...... . $36.00

Dimensions 7Y2~ x 5~ x -I". \\'eight 2l/J Ibs.
Code Word "HABIO"
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UNIVERSAL GALVANOMETER SHUNT
Type 229

\Yhen indicating a bridge balance by means of a galvanometer,
it is dc:>irablc 10 ha\'c a shunt for prOlcctillg the gah'unomcter dur
ing the preliminary adjustments. A calibrated shunt is also desirable
for extending gah'ullOlllcter range::. when used for the measurement
of small currellts. The 1110St cOll\'cniCnl type of a galvanometer shunt
for general laboratOl'}' usc is the Ayrton-l\1athcr Uni\'crsal type. The
relative multiplying- factors of this ~hunt remain constant for any
resistance ga]\";lnOl11ctcr.

Our Type 229 Gakanometer ShUllt is arranged in accordance with
the Ayrton-:Mather principle and has a total resistance of 1000 ohms.
Taps are arranged to permit a reduction of the galvanometer current
to .001-.01-.1 of the maximum. _\ short circuit point is also provided
to give complete protection to the gal\"anometer when so dc:.ired. The
control is br mC3ns of our standard bridge type of dial switch.

This shunt is mounted in a polished o..,k box wilh engra\'ed bakelite
panel. Separate p.,ir", of binding poSts are provided for thc bridge and
g-al\"anometer connections.
Type 229 Cni\'crsal Gah-anometcr Shunt......... . .... $18.00

Dimcnsions 5" x 30~ x 3}:l~. Weight I lb.
Code Word "GAVOT"

WESTERN ELECTRIC HEAD PHONES
Type l002-A

"'herc a scn"iti\'c high resistance telephone recci\'cr is used to in·
dicatc a bridge balance by the Ilull Illet hod we recommend the usc of
the Western Electric Type l002-A head phones. This is a double head
sCt complete with adjustable head-band. The resistance per pair is
2200 ohms. These receivers are light. rugged and extremelr sensiti\·e.
In addition to being adapted 10 bridge work ther are used \'ery ex
tensh'ely in radio receiving sets.
Price complete with cord $15.00

(Page 926]
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TELEPHONE TRANSFORMER
Type 166

For many purposes in a laboratory a small iron core transformer
of hi~h and adjustable impedance is extremely u,.,efu1. It may be used
to ad\"antage in impedance bridges employing a telephone receiYcr to
detect the balance point. \\"ith this transformer it is possible 10 adjust
the impedance of the telephone circuit 10 the most satisfactory ,"al11e
for the bridge circuit, independent of the telephone recei,·cr impedance.

The winding is all on one leg of the core hut is in twO separate
1).'1r15 so as to be used as a primary and secondary. These windings,
howe"cr, mar be connected in series should it be desired to usc an
auto Iransformer connection. Taps arc brought Olll on both the pri
mary and secondary windings so that it is po~~iblc to vary the impe·
dance and the ratio of transformation. A small air gap is leit in the
iron core to preycnt any possible distortion of wanform due to satu
ration of the iron. The panel is of bakelite with engra,·ed lettering.
:\ickel plated binding posts are used as terminals for the taps. The
following table shows the number of turns between each set of bind
ing posts.

5-6
&-7
i-8

PRDlARY
.......... 150 Turns
......... 300 Turns
........ 600 Turns

SECO~DARY

......... 1200 Turns

......... 2400 Turns

......... 4800 Turns

Telephone Transfonner $9.00
Dimensions 2~'" x 2~'" x 2% Weight 2 lbs.

Code Word "TOPIC"

1-2
2-3
H

Type 166

• [ Page 9~71



MODULATION TRANSFORMER
Type 166M

This transformer is similar in general design to tl1C Type 166
Telephone Transformer. The \\ indings. however, ha,'c no interme
diate taps as the)' have already been designed to give the proper ratio
of transfonnation. This transformer is used in radio telephone cir
cuits to increase the grid modulation ovcr that which would be ob~

tained by a direct connection of the telephone transmitter. It is
adapted for lise wid1 tnlw<; ha,"ing up to ten watts output. The pri
mary will carry 0.3 ampere continuol1!lly.
Type 166}.I .:\Iodulation Transformer $7.00

Dimensions Zy.jff x 20" x 2)i". Weight lIb.
Code Word "TA PER'-

Type 166}.f Same a<: abo,'c only unmounted $-1-.50
Code \Yord "TARRY"

AMPLIFYING TRANSFORMER
Type 166A

~\lso similar in general design to the Type 166 Telephone Trans
{Ortller is the Type 1661\ .\mplifying Transformer. Like the 110du·
latiol1 Transforll1er this instmment has a fixed ratio of transformation,
Tt is designed for coupling yacuutll tube circuits for amplifying pur
posc.<:,

The design of this transformer is such that the primary will re
cei\'e the maximum amOllnt of energy and delh'cr it undi.,torted in
wa\'eform at the correct potential to the grid circuit of the amplifying
tube. Care has been takcn 10 keep the losses and the distributed ca
pacitance as low as practicable,

The primary has a direct current resistance of approximately 1000
ohms and an impedance of 20,000 ohms at 1000 cycles, For the
secondary these \'al11es are 5000 and 300,000 ohms respectively, This
transformer is illustrated in Bulletin 9O-l.
Type 166:\ Amplifying Transformer ..... ,.",." ... ""., ,$7.00

Dimensions 2Jr' x 20" x 2Yl", Weight 1 lb.
Code \\-or<1 "TALLY"

Type 166:\ Same as aboye only unmounted" .. ,., ... "., ... $-l.50
Code \\'ord "TARDY"

Supports for mounting,." ,., ,.".".,.".,. ,$0.75

The products of the General Radio Company cover a complete
line of high frequenc)' radio laboratory apparattls. Information and
bulletins of special apllll.raltls \\·ill be sent on request, Our line in
cludes the following: Variable Air Condensers. Vernier Condenser,
Standard Condensers, Decade Condensers, Varioll1eters, Standards oi
Inductance, Standards of Resistance. Decade Resistance Boxes, \Vave
meters, Decade Bridge, Capacity Bridge, Slide \\"ire Bridge. Audi
bility :\[eters, Hot \\'ire :\[eters, Gah'anometers, Thermo-Couples, and
Miscellaneous Apparatlls.

[This Bulletin replaces Bulletin 903]

[Page 9~S1 •



• GENERAL RADIO COMPANY
)1.\~l'F.\CTT.:RF.RS OF

l11GH GR.\DE RADIO LABORATORY APP.\R.\TUS
CA11BRIDGE, 1\1 ASSACIIGSETTS

BULLETIN 906 DECEMBER 1920

•

DETECTOR SET AND AMPLIFIERS

VACUUM TUBE DETECTOR
Type 211

The radio cxpcri11lct1ter lIsually demands that hi,. apparatus be
in ;:.eparatc units so that he may change the connections and try
out the points of superiority of different circuits. He meets. how
c\'cr. with the limitation. particularly when working at "hort \\':\\'C
lengths. that his apparatus must be arranged as compactly as pos
sible !i0 that the amOllllt of wiring may be kept at a minimnm.
These considerations have resulted in the tuning inductances and
condensers being kept separate and the instruments of the de
tector circuit being mounted in one compact unit.

The General Radio Co. Type 211 Vacuum Tube Detector Set
has bccn designed ~o that the component instruments are mounted
in olle compact unit, yet are available for any desired circuit
changes. The instruments in this set consist of a variable grid con
denser, a cartridge type grid leak, filament rheostat, tube socket,
filament switch. and the necessary external binding posts. These
units which are mounted in a polished oak cabinet "'ith plate bat
tery compartment, are all General Radio Co. standard instruments .

(Page 929)



The exterior l11<:tal parts are finished in polished nickel. Insulated
binding posts, however. are used for the filament battery connec
tion. This is a vcry desirable feature in that it minimizes lhe pos
sibility of a short circuit. due to the possible slipping orr of a loose
lead. The engraved bakelite panel on which all of the unili' are
mounted is held ill position by knurled screws and may be readily
removed penlliuing an examination of the separate instruments.
).[ounted on the hinged co\'er of the cabinet is a wiring diagram
showing all the connections of the set.

Special attention is called to the fact that a \'ariablc grid con.
denser and a grid leak are included in this set. They pro\'ide a \'ery
cOIl\'enienl method of controlling the operation of the tube. This
is very essential if the maximum results are to be obtained from
the set..\ peep hole in the pand is provided so that the brig-ht-
ness of the filament lIlav be obsen·cd. '

The plate battery compartment is designed so that it will take
a single 22 volt battery of the Xa\'y Standard Type. For tubes re
CJuiring more than 22 volts the smaller or Signal Corps Type of
battery should be used. There is sufficient space for n\'e of these
units thus permitting the u"e of voltages up to 110. The iilament
rheostat is adapted for either a 4 or 6 \'olt batter~'.

Type 211 Detector Set _........... .. 832.00
Dimcn"iom 9 x 9" x 7", \\'ei!;!ht 6!., lb,;;.

Code \\'onl "DETER." -

VACUUM TUBE AMPLIFIERS

Types 206 and 215

[Page 9301
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Although originally manufactured for lahoratory Il!'C in con
nection with scmitive bridge work the General Radio Cu. Types
206 and 215 \"acllIllll Tube Amplifiers ha\"c found a wide held in the
hands of those radio experimenters who demand only the best.
These amplifiers are made in one and two stages. The height and
depth of the cabinets is the same as that of the Type 211 Detector
Set. This idcntit," in size is vcn" convenient when cOlillecting units
together and in a'ddition prescl1ts a much neater appearance when
units arc arranged for a permanent setup. The energy alllplitica~

lioll of each stage is approximately 400.
Each amplifier unit consist .. of an amplifying transformer.

tube socket, filament rheostat and control switch. all of which are
General Radio Co. standard instruments. The amplyliing trans
former is our Type 166.'\. described in Bulletin ro.t. and which has
been so successfully used in many efficient recei\'ing stations. The
finish and mounting is similar to that of the Detector Set. "\ peep
hole is pro\·ided for observing the vacuum tube filament.

Attention is called to the great flexibility of the two Sotep Ulllt.
By means of a single drum switch. constructed to have high insula
tion resistance and \'ery low electrostatic capacitance. the connec~

liollS may be shifted so that the amplirter is entirely cut out. one
stage only used. or both stages connected. This switch pro\·ide."
positive control including the tube filament circuits: thus whclI
switch is set on ;'DetectOr" no amplifier tubes are burning and
when set for one stage only one amplifier tube is burning. COm
plete control from the detector to two stages of amplification is
thus provided without the necessity of changing a single conncc~
lion.

[Page 931]



The panels of both the one and two step units arc removable
so that the wiring and the scparate instruments may bc rcadily
examincd. Thc covers of thc cabinets are hinged. and on each is
Illounted a wiring diagram showing the complete connections of
the set. Thc plate battery compartment will take the same bat
teries as the dctector unit. The filament rheostat is adaptcd for
either a 4 or 6 \'olt b.1.ttery.

Type 206 I Step Amplificr . $28.00
Dimcmions 8" x i" x 9. \\"cight 6;4 Ibs.

Code \\"ord ·;..-\).IPLE."

•

Type 215 2 Step Amplifier .
Dimcl15ions 10" x iff x 9".

Code Word "A:\:\EX."

.................................$50.00
Weight 9~ Ibs.

The abo"c prices do not include either \'aCl1\11ll tubes or bat
teries, but we can supply:
Radiotron C. \". 201 \'acuum Tubes ~.50

:\a\'Y Standard Type Dry Batteries-22 volts $3.50

WESTERN ELECTRIC HEAD PHONES

Type l002A

This recciver, formerly known as thc "PI I," was adopted a!'
standard by both the .\Tlny and :\avy during the war. Combining
as it does. sensitivity with great ruggedness. it is unusually wen
adapted to use ill the laboratory and in the receiving statiol1.

Price. complete with cord ...515.00

The prodllcts of the Gencral Radio Company CO\'er a complcte
lillc of high frcqucncy radio laboratory apparatus. Information
and bullctins of special apparatus will be sent on requcst. QlIr
linc includes thc following: \'ariable Air Condcllsers, \"erllier
Condenser, Standard Condensers. Decade Condensers, \"ariomcters,
Standards of Inductance. Standards of Resistance. Decade Hesis
tancc Boxes. W"vcmeters, Decade Bridge, Capacity Bridge. Slidc
\\"irc ~ridgc, Audubility :\fcters, Hot Wire "Meters. Galvanometers,
Thermo-Couples, Telephonc Transformer, ::\'Tisccllaneotls Appara
tus.

All prices in this blllletin are strictly net, subject to change
without hlrther 110tice. F. Q. B. Cambridge, :\'fass. Cash should
accompany orders from persons or firms with whom we ha\"c not
already opcned an account. Unless otherwise instructed we shall
llse om own judgment regarding method of shipment.
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