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Type 219F
DECADE CONDENSER

It is often 3S necessary to h.we an adjustable decade condenscr
for laboratory work 35 it is to h;I\'c a decade resistance box_ The
utility of such a condenser is J.:reatl~· reduced if it is Ilccess<lfy to oren
nne! close switches or to rCIllO\"C plugs to "tllry its capacitan~. The
condenser should have the 5amc flexibility as a decade rcsiSlnTll:c box.

This feature of flexibility ha~ been 1LecfJH1plishcd hy the use of a
scctor switch. thus enabling' the cnpacilancc 1.0 be varied in the StUllC

c."ISY manner as is done in (JUf decade resistance units. The setting of
the switch is definite. being" dctCnllincu by a ball and socket locking
combination, Thc capacitance in microfarads. is read directly opposite
the end of the switch pointer



In the lIlJF Ulilt we have 11 twu-dia[ l:ombinatl011 gIving a total
capacitance of I. I microfarads Each dial has tell steps. the lower
dial of .01 micmfarad each and the upper dinl 0.1 microfarad each.
This makes the r:mgc "f the {'ollc!cn:-cr from .Ol n1H:mfarad to I I micro.
farads adjustahlc in st{'],s I,f 01 milTofarnd

The condenser unils arC' (Our specially wound. Itlw-loss paper con
densers adjusted wIth :1n accuracy of 2 per cent. Each condenser is sepa
rately mC'lll1ted and is indepcndent of the others of t he unit As these
ctllldellSt:rs arc s\,:.I{·d in 1111't:'ll l'USe" 11wy (':J.n!ltiL bc('omc lo(>sc or
tbmagctl They \1'111 "t:l1ld poll'lIlia!s of 3()(J '"0115. The (:omplctc
l11lit is mounted 111 an allr:lI,tiv(> w:llmll pa"e with lm"f,clitc panel

This ("<ilHknser is p::lflicularl~ useful in filter 'Ir oscillating circuits
It is, in facl. ;1I1 excellent all-r"\l1ld laboratnry instntmel1l

Type 211)F Decade Condenser ,$50.00

lJimcnsi(llls In· x .5 H X ;; 1 I • \\'ei~ht 6J4 lbs

('ode Wlwd "C'( J\'I~I{."

Type 239

VARIABLE AIR CONDENSER

The recent studies '1\ dielectric lus~e..~ have brotll':hl uut forcibly
the neccs.-',ity fur I{iving much alLention to these losses in condenser
design. Their import,lllC<: has been further cmphasl:~ed by the require
ments t,f vacuum tube oscillating cirC'uits Such circuits demand for
sharp reSonance thnt thest' losses be kept :l minimum Condensers
whieh might he adequatc for crystal rC('ci\"cr l'ircuits \I'ould be quite
unsatisfactory for use in vacuum tube qsdllnting C'in::uits.

Where ~n:at prceisum IS required. tllt;:re is al'nilablc our Tn>e
222 precision cl'nrlenscr Becausc "f its llcecssaril)' elaborate desig:l1.
however, It is n"t suitaule for installation in radio sets or for ~eneral

laboratory LIse It is a prc('lsinn standard In order to have available
a condel1!>Cr whiC'h wI'uld meet thc generallahorntory requirements and
tht: rigid n.:qu irc1l1cnts, If c,tn:ful1y dcslgller! radi<. sets, \\"e have developed
the rugJ.(l'd. low-loss condcnser showll in the cut This condenser if'
similar ill general dtSlgll 10 "ur prttis\!J1l condenscr It has metal cnd
plntes, locked ('tmc bearings and is ri"idly supported. The unly solid
dielectric materi"l tlsed is in the ionn nf supP0rting stl'ilJS for' the
tixCfI plate!>. These strip,,; arc of carefully selected hard mbber, :'tntl arl'

[PlIlo:l' 12"'1
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placed in a weak and ulllfo1111 d('ctro,;tatic lick\. Thi,; enables tiS to
keep the los,;es at a mimllltll11. The c(l\lI\'alent series resistance is but
12 ohms al a frequency of 1001) f'\'dl'S and a ('apacitancc of 1000 mlcro
microbrads. TIlls very low Inss l'nallles oscillating" clrcuilS to be tuned
very sharply This ('()lHlen~{'r will sl;md pqICl1li;t!s I1p 10 800 volts.

Till': rotary plates :m: groJtlnded in urder that capacity clTeet;;
of the hand when adju'>ting tilt" condenscr may Ix· reduced to 3 mini
mum The platc,; are "f Ilc:tn' :llumin1l11l ;lIld are Sl) shaped as to Rive
a nenrly unifoml \\'a\'l'length \'ari;llinll This IS particularly \TT1pOr

tant when tIll' coni!l:nscrs arc tl! he I1sed in W;\Yl'mctl'r-; or fillli" rceeivil1K
sets,

All types of this condenser are prO\'ider! with a counterweight and
when so desired, may he c_llIippcd with a s[o\\"-l11otion };C3r so that
settings to a fraction of n dinsion Oil thc scale may be obtained with
case. This is n distinct advantag-e whell tuning- to continuous wave
stntiolls.

When moullted, the condcllser is provieJcd WIth waillut case,
engravC(J h,ml rubber panl':llUld a threc inch siln:red dial di\'ided into
one hundred di\"i",ions.



Type 239E 1000 ~l:\lr, ~1r.untCl'1. Without g...ar , SI5..~O

Dimt-I\si,ms 6- x 6" x P Weight -Ih' Ihs,
Corle W.'rel "B.\BEL ..

Type 139E 100tl ~I\IF ~hllllltt:(1 With l.:(';lr 81900
DillllllS:"n< "" x6-:oc i- Wt.'lght .tl~ III

('l.de Word "H.\'\DY··
TyVC 139E J(~J(J \I:\IF ~I"tlntcd With ~~I';lr ('.l!iloraa·d $10 ;0

Diult'lIS:l,n II- x 6- x j" \\"t:i~ht';'~ II"
l'ode \\""rd "H.\i'\IO"

Type l.'ll){~ 1000 ;\I;\I'F L'nmfltlnled \\"ith"tl\ gc:w SIO 00
l)HlH,'Tlsi"!1!> i':!"x·p~ ·x{j· \\T('iJ~h12Ih<;

el,de \\\l1'l1 "B.\R()l\ ,.
Typ..: 139C 1001) ~I:\[F l'nT1l(,ltllICd \\"llh gl';ll' SlJ 50

Dillll'llSi'lIIs f)l J - X ·ll 4 - x 6- Wl'J:-:ht 2 Ill"
Code Word "U.\S.\L'

Type 139J 1iX,)() ;\I~IF ""unted. \\",th..ut ~car $11\ ':;0
Dill1('lI<it.,ns 6" x 6- x f). Weight (llh".

Code \\"orll "U"~I~ ..
Type 139J 1000 ~I:\IF :\Inunled. With ).:'t::lr 811 00

Dimensions 6" x 6- x {)-. \\\'i/-:ht 61bs.
Code; \\'urd "B.\TTY ..

Tnit' 2.)9J 2000 ~I.\IF. ~lnunted. With Rear Cahbr.llcd 823 50
DimensiOll!'i 6" x 6" x 9" Weight 6 Ills.

(,orle W{,rd ·'B.\TOI\"
T~l.IC 239L 1000 ~I~[F Unmountoo Withvtll xear S1300

Dimcnslon!'i·I'i-X.ty~ ~x(i- Wci~htJlhs.

elide Word "13.\ Y.\~ "
Type 1J9L 2000 ~11\IF Unmounted, With gcn!" . $16 50

Dimensions Hi" x .tJ 4 - x 6". Weight. ,i Ibs.
Code Worr! "BEFIT"

The products Ilf the General RadiO Compo·my cu'·cr a complele
lint' of rafli~l 31111 electrical laboralory aplKtralus. (nformalioD and
bulletins "f special :1l>p;lratus will be sent (,n reqll~t. Our line in
cludes the f\\lIowil1g: \'ariable Air CondenS(:fS. \·ernier C(mdcnscr,
StanrlanJ CnndenS('r.\, Decade Condensers, Yariometers, StandardS
of Inductance, Standards of Resistance. Dec.'ule Resistance Boxes,
Wan.'mNers, Dcradc Bridge, Capacity Bridge..\udibi1itr !\Icter. Ilot
Wire ~Icter!;, Gal"anomctcrs, Thenno-CoujJle, Telephone Tran<.fooner,
f\liS\elJancous Apparatus.

All prices in thi!; bulletin are strictlr net, subject to Ch31ll-(C WIthout
\loticc. F. 0, B. Cambridge, i\lass. Cash !'illllllki accompany orders
from persolls ur finns with whom we have not already opened :'Iccounts.
Unless othcrwise inslnlclcd we shall usc our own judgment regarding:
mcthucl of shipment.

jThis Bulletin Replaces Bulletin 1071

Standard.ze On Gelleral Radio App.. rlltus ThrouAhoul.
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Type 169

VERNIER CONDENSER

The increasing- use of vacuum tube oscillating circuits where
resonance is vcry sharply defined has created a demand for a var1.'lble
rondenser of small capacitance. Very often a mO\'ement of less than
a single division on the ordinary yunable 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 line adjustment. The spacing of the terminals is so
arranged that this condenser may be slipped directly across the binding
posts of any of our other condensers, thus permitting a parallel connec
tion without using connecting wires.

The stationary plate may be varied in dist..1.nce from the moving
plate, thus pennitt.ing a variation in ma.ximmn capacil.'U1CC from about
.5 to to micromicrofarnds. A hard rubber extension handle is pro
\;ded to avoid effects [rom placing the hand too near the condenser.

This condenser is also useful in making measurements of very
small capacitances, such as are possible with our Type 216 Capacity
Bridge.

Type 169 Vernier Condenser $8.00

Dimensions SU" x 4 14" x 23 .. " Wei~ht 3 .. Ibs.

Code Word "CUBBY"

lPage 1JI]



Type 246
VARIABLE AIR CONDENSER

The condenser shuWIl above meets the need for a laboratory type
of condenser less expensive than our Precision Condenser. Type 121.
hut possessing the same characteristj<."S of prt.manency of calibration
and low power loss. necessary in Sl'COndary standards of cal'"city. Thc
pennancncy of calihration is assured by the heavy plat(.'S, the conc
benrings whose ndjust menl is locked lind hy the general rugged con
c;truction. The low effectivc rcsistam'C is due to advanccd engineering
desi~. utilizing rotor piau...:; ~rrounderl to tht.' frame and stator plates
SlII}j)fJrted by J}orttlain insulators This type of construction is similar
tQ that used in the practically resisltlnceles...., vnr1:L1)le standards (,j 1."3

pacity of the Bureau ,)f Standards.

There is 1111 chan~:e in capacity with fr~qucncy. The tCll1pemture
coefficient is practically zero. The SQlid diekclric in this l.:ondenscr is
not only of ~all volume. ami carefully sek'Clerl but i, plact.'t11l1 a weak
ele<:trostatic field. SinC'e tim; I1cld do......:; 1l'll vary wllh the 1H',.;ition of
the rotating- plates. it may hc as."tlII1CfI that the etmtltnscr is the equiva
lent of two parallel condensers. onc being a pcrfcc'l condenser of vari
able capacity. the oth,,·r. a fixeo condenser with which is aSSQCiated all the
power loss_ This fact is \'ery important when the condenser is USL'(\ in
measuring dielectric losses in CQIlncetion with our Type 116 Capacity
Bridge.

Accurate adjustment of capacity is maliC' easy by the small knob
which drivcs the main shaft through reduction g:earin~. There is nl)

trouble due til variation of stray cap..1cities hy thc opcratlJr's hand be·
cause the rotor plates are WOunded to the framc_ l..aboratories find
that this Type 246 CClndenser c;,atic;factQrily mt.'Cts the con..<;talltly arisin!::
demand, in radio ano general laboratory work. for a variable condenser
of considerable capnr';ty range. low power factor and permanent ca·
paeity. Some of its uses arc given helo\\'.

USES. .<\s a lahoratory standard of capacity. in bridge measure·
ments of condenser l"'CSistance. in any low rcc:iSlanec tuned CIrcuit, in
measurin~ the rcsic;tance of antennas. inductances and condensers at
radio frequencies. and in any plnce where a high grade lal>r,ratl)rr
condenser can be used.

LOSSES
fa('tor is about
and at 300.000
Dl8ohm.

In all Type 146 Condensers at 1500 :\l:\1I~. the power
D(W (: the resistance at 1000 cyclt.'S is about 12 ohm"
cycles (1000 meters) the resistance is approximately



CONSTRL'CTIOX. The illustration sho\\"s the general construc
tion. The plates arc he:lSy aluminum. 3CCllrately spaced. The main
shaft is filled between conc bearin~, !>O that there is practically no end·
play. These hearin~;; are worn in before their final adjustment. In the
reduction gearing. mentioned abm·e. n 5111<111 fibroil pinion is pressed
against the large gear by 11 phosphor bronze spring so that there is no
backlash. Ilcavy cast aluminum end platcs separatoo by large brass
!'pacing- pillars make a \"en' riJ,,>il! assembly

C.-\L1I3R.-\TrON. The minimul11 and maximum capacity of each
condenser is markd Oil the hottom of the case, The average rnpacities
for each of the thn.'C sizes of this tYIX' Ilf condenser foll!)w:

Type

246L
146;\1
146P

Min. Cap.

55 ~[~IF

iO ;\I;\IF
il ;\BIF

Ma", ClJp.

1500 ~BIF

3000 ~BIF

.'iCXX> ;\BIF

VoltlJ~e (Peak)

800
800
':;:;0

If desired. a celluloid protected calibration cun'c. accuracy to .5%. is.
supplicd at an extra chargc of 54 00.

FIXISH The c(lndenser is mounted in an allractive walnut case
with en,l.:mnxl hard nlbbcr panel. .\ four-inch silvered dial. divided
into on(: hundred divisions. is securely fastened to the main shaft.

lPaRe IH]



Type 246L Condenser, 1500 l\IMF. capacity. . .$28.00
Dimensions 7U· x 7?1· x 8J{·. Weight 9lbs.

Code Word "CEDAR"

Type 246M Condenser, 3000 l\1;\1F'. capacity .$34.00
Dimensions 7U· x 7)4· x IIU·. Weight 12 Ibs.

Code Word "CHJ\OS"

Type 246P Condenser, 5000 i\1;\IF. capacity. . ..$38.00
Dimensions 7?1· x 7)4· x 117'1·. Weight 12U Ibs.

Code Word "CHARY"

.Mounted Calibration curve, for any of alxwe oondet1SCT"S .S-l.oo

The products of the Gencral Radio Company CO\'cr a complete
line of radio and electriC<lllaboratory apparatus. Information and bul
letins of special app<lratus will be scnt on request. Our line includes
the following: Variable Air Condensers. Vernier Condenser. Standard
Condensers, Decade Condensers. \'ariomelers. St.:lndards of Inductance.
Standards of Resistance, Decade Resistance Boxes. Wa\·cmeters.
Decade Bridge. Capacil.y Bridge..\udibility :\[cter. Hot Wire :\Icters.
Galvanometers. Themlo·Couple, Telephone Transformer, ;\Iiscellanoous
Apparatus.

All prices in this bulletin arc strictly net. subjoct.1.O change without
notice. F. O. B. Cambridge. :\fass. Cash should accompany orders
from persons or finns with whom we have not already opened accounts.
Unless otherwise instructed we shall use our own judj{tncnt regarding
method of shipment.

(This Bulletin replaces Bulletin 108)

Srandardize on General Radio Appararus Throu/lhout.
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Type 210

RATIO ARM BOX

For many laboratory measurements such as Wheatstone bridge or
impedance bridj.{e measurements, when a complete bridg-c is not avail
able, it is very convenient to have mounted in one unit suitable resist
ances which may be used as ratio anns. Such an arrangement is also
convenient for comparing capacitances, without the use of a compen
sating resistance. where errors of the order of one or two per cent are
pcnnissible.

The type 210 Ratio Ann Box consists of two similar anns, each
with 1000 ohms total resistance. and with intcnnediate taps at 1-3-10
30-100-300 ohms. The resistances are the ArTtan-Perry type, de
scribed in our Bulletin 20;. They are non-inductive and have vcry
low distributed c.1.pacitance. The current carrying capacity is five
hundredths of an ampere. The accuracy of adjustment is 0.1 %.
These resistance units are mounted in a poli!ihed walnut box fit.ted with
an engraved bakelite panel. The dial switches are our standard bridge
typc and have a low and constant resistance.

Type 210 Ratio Arm Box .

Dimensions iJ{" x 5' x 4".

Code Word "RABID."

IPage 2331

................... .$36.00
Weight 2}{ Ibs.



518.00

Type 229

UNIVERSAL GALVANOMETER SHUNT

When indicating a bridge balance by means of a !{almnometer,
it is desirable .to have a shunt for protecting" the Kalvanometer during
the preliminary adjustments. A calibrated shunt is also desirable for
extending j{alvanomeler ranges when used for the measurement of
small currcnts. The most convenient type of a j{alvanometer shunt
for general laboratory usc is thc Ayrton-?I'lather Universal type. The
relative multiplying factors of this shunt remain constant for a11\·
rc.<;istance J.!:alvilnometcr. .

Our Type 229 Galvanometer Shunt is arranged in accordancc with
the Ayrton.~lather prinCiple and has a total resistn.nce of 1000 ohms.
Taps are arrang-cd to pennit a rcduction of the g"alvanometer current
to .£XJl-_Ol·.l of the maXll1lum. A short Circuit point is also pro\'ided
to give complete protection to the g:alvanometer when so desired. The
control is by means of our standard bridge type of dial switch.

This shunt. is mounted in a polished walnut. box with engra\'ed
bakelite panel. Separate pairs of binding posts are pro\'ided for the
bridge and g-alvanometer connections.

Type 229 t:niversal Galvanomet.er Shunt.

Dimensions 5· x 3)1· x 3)1·. Weight. 1 lb.

Code Word "GAVOT."

Type 125

PHANTOM ANTENNA RESISTOR

For many tests of transmitting apparatus, it is desirable to replace
the antenna by a local circuit, t.he constants of which are more easily
and accurately detennined. It also prevents interfering with neighbor
ing stations. The Type 125 Phantom Antenna Resistor is pro\'idcd for
this pUTlX>SC.

[page Uti



These units are wound on aslJc!'tos·board f0l111s, 111011ntcd \'ert.i
cally, an arrangemcnt. which lIlSllrcs :.l good circulation of air. The
resistance material is in the form of a ribbon. and has a \"erv low tem
perature co-efficient of resistance and a constant resistance 'up to very
high frcquencies_ 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·1 units of 4 ohms
each. fIl1d Type 125C of 2 units of 2 olum; each, The separate units
of Type 125A }l<\ve 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 resistnnce and carrying capacity:

Resistance
1 ohms
2

Resistance
2 ohms
4 "
8 "

12 "
16 "

Type 125A

Carrying: Capacity
10 amperes

-,, "
-, "
5 "

4 "

Type t25G

Carrying Capacity
30 amperes
15 "
1.'i

$15.00Type 125.:\ Phantom Antenna Resistor.

Dimensions TKY x (j~ x 4;{N. "Weight 3}{ lbs.

Code Word "RI\V.I!.:'\."

Type 125G Phantom AntcnnaResistor. . .... , . . . . .. $32,00

Dimensions lO~H x 7}fl" X5,Yf". Weight 7 Ibs.

Code Word "REBEL,"

JPa.:c 2.151



The products of the General Radio Company cover a complete
line of high frequency radio laboratory apparatus. Information and
bulletins of special apparatus will be sent on request. Our line includes
the following; Variable Air Condensers, Vernier Condenser. Standard
Condensers, Decade Condensers. Variometcrs. Standards of Induc
tance. Decade Resistance Boxes. Wavemeters, Decade Bridge, Capacity
Bridge, Audibility l\'Ietcrs, Hot Wire Meters, Galvanometers. Thenno
Couple, Telephone Transfonner, j\'[iscellancous 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 finns with whom we have not already opened accounts.
Unless otherwise instructed we shall use our OW11 judgment regarding
method of shipment.

(This Bulletin Replaces Bulletin 208J

Standludi:t.e on General Radio Apparatus Throulhout.
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Type 164

AUDIBILITY METER

If 3. telephone receiver in which .<:igllnIs :ue being received is shunted
by a resistance until the signnls arc just audible. the ratio of the current
in the telephone to the current in the shunt is an indication of the
strength of the signals. For instance, if the ~igllal is just audible when
99% of the detector current flowl'i through tile shunt and I% through
the telephone receivers. t.he signal is said to have an audibility of 100.
If S is the nnpedance of the shunt anrl T the impedance of the telephone
rccci\"crs the audibility constant is given by the equation:

>;+'1'
K=

S

IPage 2JSJ



The increasin~ usc of oscillatin~ circuits fur '"acuwn tube del(!Ctors
has ntteSSitated the t1evel"pmcllt 1'( ~ special type uf meter for com
paring the audibilities of signnb Tlli" IS becau . the uSC"illating circuits
rire effected by chringcs in their COlhtants. ,'l;ry slight chan~es nften
c:llIsing: variati(,.llIs nf telephone t.'lrn'nt 'luitc out "I' prl,portino tfl the
changes introduC'Cd. ,\ serie!> r(;Slst;l11C\' 11m';t be added in the plate
circuit 10 compensate ior the ret]m;tirJ!l in Tv;ist:lI1t'e tJf thaI circuit
causcd Ly the shunl111g (,f lhe telephone I'CCCln:rl; The elementary
connections of this meter nre shown in the (hag-ram R IS the resistance
used to shunt the telephone receivers and R] is the exompensating re
sistance. As R dccrc.."l5CS, R incrca<;es

-
~ J

;.]
~

" ~~ R "~

~
;j

J"

The Type 1&1 Audibility .\lell'T is dcsih'lll'd tu k~1-J the impedance
of the oscillating circuit praclH:ally CQnst[tllt when used at IlX10 cycles,
It is adapted for usc with any ~lIoc1 2000 ohm ll.'1cphonc receiver This
meter consists uf two sets of resistance unit.'> with thirty-two taps and
rc.1t1s directly in audibilities from 1 to 2000 by appruximately 25%
steps. As the first step has 110 1"C!>ist;11lce in shunt with the telephonc
recch'crs, the :!wJihility mNer may he left pennanently connected in
the circuit.

This instrument is mounted in a polished walnut c.'lSC \\'llh engra,-ed
b..'lkelite panel. The metal ).I~rts <Ire finished in polishet.1 nickel The
contact arm is uf larmnated phhsJlhur bronze and insures perfect. con
tact.,

Type 164 Audibility ~Ielcr

Dimensions 8- x S· x -I" Weig:ht J ILs.

Code Word "AW.-\KE."

IThis Bulletin replaces Bulletin 2091

Standardi.e On General R.dio A.pparatus Throu/lhout,
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Type 106

STANDARDS OF INDUCTANCE

These standards of inductance have been designed for general
laboratory use and are suitable for radio frequencies as well as for
commercial 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. There is no metal in the field of
the coils, in fact only a very small amount of metal, which is all non
magnetic, is used in the entire assembly of this instrument.

Considerable errors, particularly in bridge measurements, may
be introduced if the inductance standards have a large outside field.
To minimize this effect these standards are wound astatically, thus
making the external field negligible. The lIse of the astatic winding
eliminates the effects of other inductances in the vicinity of the standard.

The coils are fonn wound, finnly bound, and securely fastened
to bakelite plates. As the final adjustment is accomplished by rotat·
ing one of the coils, it is possible to adjust these standards accurately
to their specified values. The accuracy of this adjustment is one
tenth of one per cent. The current carrying capacity of the I miDi·
henry and smaller size coils is 2 amperes, that of the 5 and 10 millihenry
sizes 1 ampere, and that of the 100 millihenry coil J4 ampere.

1319)



Dimensions 6· x 6· x " •.

Type

I06L
I06G
l06j
lOOK

.10
1.0

10.0
100.0

Inductance

:\lillihenrr
:\Jillihenry
l'vlillihenrys
:\liIlihenrys

Code Word

I?'JNER
INERT
IRATE
ISLET

Weight 23 .. 100.

Price

524.00
24.00
24.00
2-1.00

Type 107

VARIOMETER

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

The Type 107 Yariometer consists of two coils which arc both
!;eCtions of cylinders one of which is sli~htlr smaller than the other
The .<:mailer coil is mounted within the larger in such a manner that
it may be rotated about it!> \"crtical diameter. The conncctions of
each coil are broug'ht. out separately in order that the coils may be
connected in series, parallel, or used separately. This arrangement
not onl}' increase'i the range through which the il1ductanre mar be
,"aned, but also increases the usefulness of the instrument.

A silvered etched dial with black filled lines and figures indicates
the relative position of the coils. Wben the dial reading is 7.ero. the
currents in the two roils are circulating- in opposite directions and the
induct.'l.nce is a minimmn. When the dial reading is 50, corresponding
to a rotation of 90~, the coil5 fire at right angles and the totnl induc
tance is the Stull of the self-inductances of the two coils for the series
connection, and approximately one-half the inductance of a singlE." coil
for the parallel connection At the 100 reading the currents in the coils
are flowing in the same direction and the total inductance becomes the
sum of the self-induct..mces of the coils plus twice their mutual induc
tance for the series connection. and for the parallel connection approxi
mately one-half of the sum of the mutual inductance and the seI{
inductance of a single coil.

The connections to the moving coil arc made through multiple
contacts. ~ving a low and constant resistance. The coil windings
of the smaller inductance sizes are of stranded wire with the separate
strands insulated from each other. The field of these coils contains
but yerr little solid dielectric and little metal. This metal is non
magnetic and so placed as to be in a yery weak field.
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The entire instnunent is mounted in 3. walnut case with engra\'ed
bakelite panel. The metal parts are finished in polished nickel.

Attached to the bottom of each \'ariometer case is a certificate
J.':'i\·ing the maximum and minimum inductance whcn thc coils are oem·
nected in series. Calibration cun:cs may also be supplied, for an addi·
tional charge of $5.00, giving the inductance throughout the entire
range for both the series and 1:k1.rallcl connections.

-

Type !07F About .02 to.4?1L II.,

Carries 3 amperes continuou<:,ly.

Code Word "HAPPY"

Type 107G .\bout .10 to 4 :\1. H.
Carries J .. ampcre continuously.

Code Word "HARDY"

Type 107H About...J. to 18 :\1. H

Carries J/z ampere continuously.

Code Word "HAVEN"

Dimensions 6~ x 6~ x 8~. Weight 43 .. lbs.

S24 00

S24 00

.....S24.oo

We are also prepared to build special induct:mcc coils to speci
fication. Coils for filter circuits and calibrated oscillatinK circuits a
specialty.
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The products of the General Radio Company cover a complete
line of radio and electrical laboratory apparatus. Infonnation 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, Variometers, Standards of
Inductance, Standards of Resistance, Decade Resistance Boxes, Wave
meters, Decade Bridge, Capacity Bridge, Audibility Meter, Hot Wire
i'deters, Galvanometers, Thenno-Couples, Telephone Transfonner, Mis
cellaneous 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 finns with whom we have not already opened accounts.
Unless othenvise instructed we shall use our own judgment regarding
method of shipment.

(This Bulletin replaces Bulletin 305)

Standardize on General Radio Apparatus Throul1hout.
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Type 193

DECADE BRIDGE

The Type 19J Dcc:ld~ Bridge i!> d<.:~igned t.) cover the man\, uses
which af(: required of a lab\lr:lt"ry ]Jridgc J t is nc1apled for both
direct and alternating l'urrem mt:'aHln:ments \rhile it is suflicicnlly
flexible 10 gi,'c the llL'CCSS.1TV \"arit.;l\' "f ('(!l1ncetions demanded in the
laboratory. when set up f"r' ('fllnml'[cial testing' jl~ npcratin!l becomcs
so simple that "cry little lIl!<lmctl"n ili f(..'<IUlred by unskilled l)perators
to make routine measurements

The ~cl1cral arrnllg"cmcnt of this bridge C1JIl:<lstS of llm.>e resist
ance anns. two of which are fnur dial rll.:cult..'S each having :l mn/.:c of
from 0.1 ohm to 1111 ohms. The lhird anll is a single dial having
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,I r<.'slst:mn' l:lppL'I.] :It I-J-ItJ-30-1l}(1~.lOO ,mol J(J(}O "l1m5. III order
to <Jdapt this hrillge fpr u::;(: with frcql1encie-... up tn 10,000 cycles :111
r('sistflnn: ullits arl' ""und llo1Hwhll'tivt'l\· :111,1 hit\"!, \·C'n" 1,)\\· distrib
uted cnp:lcit;l11c{' TIllS I~ aC\'1>mplish{·"" li\· 11'::inr tlw ";\\Tt(ln-P('rr~·
;\!Clhnd \If win<111\g dl'S<Tihed ill our Ihl1!1'l\ll ;,;" 20:-:

TIlt' ill ,'ur;w\" j,f altiuslllwnt "f th\·S\., l"'lls I~ n I'; "ll direct l'llr
renl ,md ;dlll\1l (L.i l , ;ll·!,,~(IOHHO "\'dC's TIll" Inn' 1\ ...,'<1 hil'" a pr;l,ti.
cally 1111 lel1ll,en,tm'\' ",,-('nit-it·llt of rt·si:>(aIH·l' ;llid (~ont:OlIl::; no lroll
The CIl1T£:nt carrying eapacil~' "f 1hi' {'lIt·-tl'nt h "Iml lI1I1t:; IS "He :1m· (
perc, Ihat of the "IH' ohm lIll1t" "lll"qll:,rIIT ;111 11 1Cl"l', l!wt "f the ten
nhm ullit" "JlI'~telltll "11l1'1'l'o. :ll1ol 111,11 ,,( lhl' "11' 1l\11\o1n',J ,,11111 lIllits
fin~-ht1ndrl"' It hs :lUll ,crl'

Dial swill'll{';' ,m' l1""" 111 plal'<' III tlw ,,1011"1" .111,1 I,,· ... s.,tl ...fa("l'Jf\'
plllg lIldh"d ,,f l'''\l!II·dion TIn:;; l'll111Jnall·" lilt" 111l·'I1l\"I'nil'I1l.i: of thC'
shifting (If phlgs, ,l1ld :ll~" th"Ir 1',,~sil,1l- I"...... TheS(; <;\I·ltches h<Jvc
111111tiple-kaf Clllltal'! l,nlslil'~ Il"1lh citch kaf 1ll"kHlg indt'p""lldcnt l;oll
tact Tlll' cnds of Ih,· {'IJllt:wt ka\'{',; :lfC ..." I'U! tJwt thl'\ are l1<Jt tan·
gCnt til the palh (If tr.l\'d, tlwrl'1,\' l'r('I·cnt11lg Ihe (.'I1Ui'll).! .Jf ,l.:T{)I)\"cs
ill the contact lilwls '1'111'';1' SWitches hil\·t, a I"w alld C"llstallt rc~isl

:llICC', even after k'n}: 1\';(', ,\tl\'I1I;"" i,; "al1vd t" Ihl' faet that each
decade dial has ele\'l'l1 l~'l1t,t("1 studs. a ;.:er" :lntl t"ll <:t\;'jJ!';, This fCil
lure is cspL'nally imjlllrl:lnl w)ll'll \l'orking at the upper or ]o\l'C'r ends
nf a dial.

The c;,hinl:'l is 'If p"li!'hed w,!lI1t1t, lilted wilh il ('opper lining: t,l
shick! the resistanc<.: Imits frum "lltsidC' clc:ctn>stalil' field.::. The [Jilncl
is of !')(,lisJIt:d han I nlb1Jer witll el1gr!,ve'] let t,'ring "\ (',l1n!Jletc II'iring:
diagr;un 1<; :Ibn ellgral"t.:t1 dirl'ctly till till: p,me!, The TIldal part!:: ar",
llnished in IJrigll t nickcl IllslIh'ltet! binding IXJ!::t!:: an.: IIst:d throughout.
A tight titting wlIoj]t:n dU'>L {"(weI' is furnished with t":lch bridge to pro
tcct the p;lnc! "nd swilC'hcs when not in usc,

Operation

The UJI"('C general dasscs 'l{ mC'asurelllC'nts to which this hridge
is adapted ;'Ire dln'ct lllrrelll rcsist:l1lce by the \rllcatStpne method,
inductance, and c;qJ:ll'itnl1(,~'. Fur indllt'lant'c and c:lpncit:lllt'C mea::;
urement::; :11l external slandard IS cmplr'yed, wlljle for fc<;istancC' lllC';'\S
Ilrements nne "f th.: bridge ann<; is 11St:11 01::; a SUllld,1rd 'I'll ... circllits
nf the Lridge arc shn\\·n 11l the di:lgram.

The powt:r sour(·I' sllpplil'd to the hndge IS ('onllected to the bilHl
ing posts mOlrke(1 B,\T Fllr ,Iircet ('\1rn;nt rCSI<;talh'e me:lsurcmC'nls
this fi/mrct: is C!llt: "r III"" cdl::; ('f a 1'nItCf\", whik fur cOIp~,citan(l' and
indu('tallce nlL'aSllrl'1ll1'111s :,n altt:rnating (:lllTl'l1t ::;'Iurcc l11U:;;t tx· used
The alternating currcnt Sh',llld he (If known lInd 1·l\l1stnnt [rcqueJ1("\"
<Jnd [n,'£: fro1l1 JlIInllollics. The r;enernl Radi" ('(~_ T\'pe ]13 Amh'l
Oscillator W:lS dcsigned for this work. "

For dirl'ct current resistance mca::;urC1l1i:lllS :1 ...cn"'iti\· ...· g,,1\·(ln<\
meter should be u:;;l·d to indicate the lx,l:l1l{'t: p01ll1 Thi!:: gah'an'Jllle
tel' is connected bc\wC"t,tl the (;"\L\' binding pllst.... I nnd] When:ln
alternnting ('"Ilrrcnt SClllfCC is supplicd to the bridge in capacitance and
inductance measurelllcnlS, a sen!;iti\"l:'. telcphone rccciYt'l" or \·ibmLioll
gah·:InOll1('\Cf is used til detcct Ihe lJalan{"c point This detector will
be connccter! to eiLher lhe (;AL\' binding p"st" ! ,:l1ld 1. or 1 ancl 3
dt"pending '>11 the c·"l1ditHlnS nf 1):l1:II1CC
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To mak(' a dlr 't"l l'UITl'nt n ....ls1,tIIC'1.· 11lC'ISIlf('llWnt hv tho,; \\'hcat-
stone method tlu' r •....I~t;llwe too lot 1l1c:l~urC'ol \,.; ('ClllllL'f'l('fi 1" the hlll']-
ing pmts marke,i X .\ ,..Iwr! ("If...·\lit I""r l~ I'tll'l:,J 10000·tw",~·n the STO
hindin~ posts .\on..... \ ,lid H ,m.· t1~',j .is J<IIi" aml~ and Ann C ad-
juste<1 (.. "Io':UTI.1 lllallf"t Til ... lI11kll"W:l ~t I '.llLl'(' 111""11 ":1\'''''11 I"

Ihec'\!'rt'S''l'1l1 R.,

I<x
RIl

Ftlf llldUl'1:lnn' :ln,1 ...·,ll',I(·it,l1ll"l· l1I~',':-;llrClm'l1t thl,: Itndg...· I"; w.......1
,tS ;In im)lcd:I1l('" l'fi1l1'''''' 1)1<11 1~. Ill" 1'l"1'k,' 1~ ~inHlhillll'''\Ish' halill1~'l'd

fflf n.:Slstal1t:C ,111l1 n·:l\·tal!c ...· Till 11\lllll'lalll't' ',r 1·.lll;(~·ltallCC tl' I,~·

mC;I"ur~d IS l'''!11lo:('tcd ;11 X ;mll t hI ll1dtwtm1('\' "r l';q ';lI'i\;lI1('\.' slandard
at STf) In thi,.; (·;1 ....'· .-\mls.\ awl B ,m.. Il .......·,J :'s filii" ,11111s ,lllt! .\nn C'
i" a ('I.mpClls;,IU1l-: f(·~]"1'1l1f·l.: III ,f,]t·!' 'hal Illl' J,ridr ...· 1ll;1\" I,,· 11l !labl"'"

r

0"

\ ':),"",
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I " I 'I \ I \

0,
RIGHT J+IO·IOI.J'"
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fOf fcsisw.nce a~ well as fnr feactal1l.·.... \\'hen tile tt'll:lIhont'~. or \'ibm~

tion gah"anom~tt:f, ~lf~ l·"nl1eC"tt.'(1 hl'lWl"l.'ll r;.\L\·l'llldill~IHlsls I ilwl!.
this ('("ImllClls;ltill~ f{'sislance is 111 ~fit:"; wilh thl" standard. and when
t]1(' tt'1cphones an' e, ,nllc('1al to 1lillfling Iii IstS 2 and .l this l" Imp('nsatlll~

rc,,,jst;IIH"C' is III sl'ril':-i wilh th~ lInkn'l\\"tl inllJe.1ancl TIll'l'(,rnpt'nslting
fe~isL:1I1(,{' should 1.(' e'mncctcd so as to hI,' III S(']WS wILh lh~ impeJanct'
ha\'ll1g till' 1(1\\'(-1" n'sislall<'e .\\ tIlL' h:tl;lll('C point th\' fnJ1o\\'lIlg' reb·
tinm.. hil'e; l'XISt bl'l\H"('ll tht' 1I11I.:n"\\"\1 il1ld Ill\' sta1l<lanlull]!cdil1l<'l:

R.,

<" al>;IClI;lIJ("(.' lllel'Sllfcmcnt {'x =

Inl!lWl.llll.'I.' llll'ilSllfCllll'nt 1..\ R,.
R"
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Uses

Tht, TVI'" ll)i J)~T,d,' Bridg~' IS dl'Sl~lled f"r t.:vlll'ral lahoratory
list', V~,r dir",'t lurr<:111 1lll.'ilS\lr~'ml'lII~ it~ l,rm('11 It- Uq' i~ a,,;L \\'hcat
"1":11 1.r1"~' TI . !:', ". ..r, ~l· h ','. ~,:I.I 'hI' IiITcrcnt
ilnn.; mil\ I...· 1I~~....1 md"IIt'lIOll,!!t1' ,,' sLlIl,J"rd d.... ,d., 1"1-::'1" ,Illl"\.' unil!'
\\'hl'lI 11:>0.• 1 a" :<It HlII"',h'l' hnd, till' fLII I, r ", :';111<'(' 1I1CiIS·
nr('llWIlI" IS fro!lU UIXJ.l '" "l:\'tr,d 1lI11r"far,,,b and fill' lIldll\"t;U1Cl.'
me:1Slln::mCIlIs (r',m :11"'111 !(J tnll'!'lIhclll'\'S (" "V\l'Lll hl'nf\,'; \\'hen
making ll1ca~LIl"~'ml'llls ,,r ..mall l';I!,a('il:ll'ln's 'tf laf ...c i:l,hl{:t.ll\l'l.:!' the
"£'nsllinl\' "f II I' I,rjd~l' 'n;\'.' 1..• ::,,·rl·.I"<.,.1 11\' Ih:nl-: III tht.' .!l'I''f't''f
circuit.1 I..lei'1l II(' tr,l'll"nlll'r, _\1(,11 ;1" lbl C"l'Ti,1 H,llh.. C', TyIX'
ltxl TLt: hi_h 1Jl11 ...~l,I'ltl' !Ilk. wl:tdr i 1l·"r",~1 :-;Er "l"'llll{'('led
;I{'f,''';S 111l' pr'·l ...r (;.\L\" l'lIl,hll~ l~·,st' .Iud tht' to·:'"! 1":Ie rl'n·i\·(·~

l'OnnCI"lI'd a,T":, llll' 1,,\\' 111l1'1~bn\'t~ side SinH' ;111 ,f the rcsi"lanct.'
Ilnits art' \\"Iltl\ul n',n-llIllnt'lin'l\" :lnl! tIl lia\'~' \'l'f\' lu\\" IhSlrilJlLtcd
cal,neitall{'C thl'y lire :ldalllt~1 fl,f"\I->e at r;ldl'l In'q'11'11Cll'~

~1llC'C the ltri<l~~ i" Sl. nrran);'cd that the imhndual anns :lre acC'{'s
sihle, ust.: may 1)1' made I f th~ princil'k' that in di;l~onal ;Inns n Glp••ci
t:lI1l'e will balance an mductan~. BI' the eurrc,.·o- choice of the
indu{'tancc or capacitance stand:Ln!. the hmlf;c may Ill.' made ,hreet
reading ill either capacitance m inductance, The prccislf,n of such
measure1\1~ntsis tlJ:l t of the adjust menl IJf Ihe bridge, namely 0 I "'c.,

Decade Britl~c

Size 1,- '( 10 1 :- x,,",
Code Wonl "BIGOT"

Type 113 ,Andm Oscillat('f
Dimensiuns 6- x 4.1 4 " X 5--,

Code Word ",\UGER "

Type 166 Telephone Tmllsfonner
Si7.c2',," x 2';" x ll .. w

Code Wonl "TOPIC ,.

Wcstem Electric RCl'eivl'rs !Type IOO2C)

\\"C1Vhl ,\1 J Ills.

511500

Soi200

so (J()

511 00

The products uf 1ht' Gcnernl Radio Cl1111pany co.\·,'r a complete
line I}f radio and electricallal)lJratory app••ralu!' Inl, ,mlatlon ami hul
letins Iff special ;!1'I'aTillllS will he sent on rL"('lu£"",t Our line includes
the followlll,g". \'ariahlc ,\ir Condensers, \'cmilJr l'(llI,lcn<:er, Stand
ard Condensers. D{'<:ac1c Condcnsers, \'ariomctcrs, Standard,> of In
UUCI:illee, Standanls uf 1{e!'ist:lIlcc, Decade 1{l'sistallcc Boxes, \V,l\'C
meters, Dec..tIc Bridge, Capacity Bridge, .-\llOlihility ~fett,'rs, lIot \\'ire
~Ietcr'!", Galv:Uloll1~lCf'>. Thenno-Couplcs, Telepho~lt' Transfonner,
:\liscellam_,\,\lS .\"I",raill"

[This Bulletin Replaces Bulletin 4071

St.lndllrdize 011 Cener.11 Radio App,lr,lfUII ThroutJ',out.
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Type 216

CAPACITY BRIDGE

Description

There has long" been 11 need for some simple yet reliable method
of mensl1rinj.\ c;(jI:lciwl1cCS as lc.'\I" as n few micfumicrofarads with a
precision (,f al least one-tenth of one per cent. The desirability of
a COl1\'cnient, reliable. and accurate methud of comparing the losses in
small samples of dielectrics has a\w long been rccog"nizcd. It was to
mcet the~c needs that the General Radio Co Type 216 Capacity Bridge
was designed.

Reduced to its simplest fnml. this bridge consists of 11 Wheat
stone Bridge Circuit with rcsistnnces in the ratio ;1fI11S and cilpacitances
in the IlllkwlWIl and Sl:1l1d3rd anns. The cOlmpkle rrrrallgClllClll is
shown hy the diilgmlll on Prrgc 43i.

TIll' inpul snllfCC E is the General Rarlir, ('1I Type 113 1()(K)-cyc1c
Audio OSt'i1btor. describe!1 in Bulletin ill This o~ilbtor is ('On
Ilct'lcd to the \1l[llit temlillals "AC" of the bridge. These tenninals
leml til a !'hiclded COll1p:lrtmcnt cuntaining :-Ill inptlt tr~lllsfMll1cr whose
primary i::: ~rnullJctl at its mid~point. The primary OLnd secondary
windings oj Ihis tl"nllsfonner arc shielded frull\ each other

The bridge circuit c()nsist~ of the t\\·o 1":Ilil! amlS til ~ll1d N. anti
the anl1!'; !\ and B in which the slandard :l1lli tIll.: unknown condensers
arc place!} 'I'h!; junction point of the t\\"o ratio anll!'; I;' grounded.

I-II61



TI1t'~l' n,t!" ;,nll~ ,ll'" ma,k Ill' '>I'l'qual rC$I.~lmWt· 111l1iS \1"',\111,1 "11 thill
lard~ I" n',hKl Illl' l11d\lctallcc ,111.1 till' (\IQrillllll,\1 1"'I';tcililll{,\:. ,\
llll'lllt'd. 11',\\,<'\'1'1', I' ),nlyukd i"r ;lOlding r,'~i"I;II1(,l' unit ... t" ,'Ithl'r lht"
:\] ":' .'\ ,lrlll II r,l,:' 1, ;'::1'1 ~lJlilll ;IIllPIll1h "i Illlh,oI;lI,r11lg ,\ I"tII'
.II;.! d"",k 1"l'"I,.:I"I1\'.. I",x, lhl' unil": "f whit'l, arl' r\\r!nll-I'l'rr\' Ill'll
llil hWll\'l 1"\1 d,·t nl 'lIll 01 ,,,p,ll'llallll' lnib. 1:- ;llTillI!,l',l "" tll,n it 111,,'
I" ,'"1\1><,"',,,111, ,111 ... 1' Ihl .\ ,'I' Ii :llllll,y lTll';lll.~ "I Ill<" swJldl F _\
~l'L"ltI\"I' 1I'll'l,I",1\' rn'UI',T ,,1' ;, \'lhr,lli"n gahilW.ll1l"l(,l", I" \1~l'd t"
,It-I''d Iii,· 1'''11,1 "I I,;t!;1I11 I' TIll ... ,ktl"t,,1' I~ l",!ltll'dl',] t" the hndgl'
Ihro ,uJ.:1. ;1 '~-"1\~t"nll"1 Il'!li,'1 Iw"" .vn'lllll!\·d "hldd 1,,'1\\\(1) rhl' !,rim,IJ"\'
,,1\.1 <,-, \1,1,,1' \\il.,I1!\~'~

nil' ,';<!'11ll'1 "'llt.ll11111~ lht ll1'idgl' JJllll::. I.~ .,( 1",h~lwd walllllt _\1I
I'all' I· ilf<- ,,1 )",lJ~ll\'d h,d,1 ntl,hl'l" wilh .'ngnl\"\',j lL-tll'rlllg, Th., l111't;d
I,an.~ "r, rllll"lll,.llll 1'l"lJ.:ht Jlll·kd. The ml,TI"1' ,,1 lit\' l',llll1wt IS lille,l
\nth l"I'I"'1' 1:1, IpIL'I'\°,ll" rl't1l11l its l",li~li"d filli,,11 'rhl' winng, as well
a:-. IIll' sq,;,ra!l utlil~ "i th,' hridgT, 1'; tlv'r"ughly 'hil,j,\t-d C"ml'lt'te
IrlSlnl' '1 i, ,11~ iH'" ,n1IMIlY ",11'1, I)ri, 1).«'

Operation

Silln: It i... dl':'II"l'tl ttl dett:1.'t nlllmlC l"11;\nges ill res1stntlC{; alld
C<tp,Kil:lI1(T with this bridge it is n:1'y essential that cad) uuil of thl'
bridge be l'OllstnKled 10 gi\'e a resultant mnXlllllllll sl'nsit1\-ity it 1<;

;l1s" \'crr Ilnp01'Wlll lhal Ihe supply spuree be of l'01I:-;lil111 frel[\Il'lll'Y ;l1ld

o

fn:{' in'lll lwnn, 'llll'S. J.I.dlilhll' rl',Hlings r, ,1' \'l'ry <;111all chang,,!> "i
I'apal'ilalll'l' ('rumol Iw "hlaincd unless thl' "\l[ll'l~ ',/lurec Iws a 1'\11"\'
IOlle It is f"r thi:-. re:lS,,11 llwt tll., Type;\" 213 :\wli" ()s('ill:ll"r I~

rel'UlllIllCll<!,,1! fllr \1St' wilh 11m, hndgl'

TIll' USI.' 1,f ,I Sll)ll,ly translonll('1', l1l~tcad !If {'Olll1l'l'tlllg tll.' 1l\llhll
lOseillalfll" dirL'ctll' across thc ratio :Inns, aids 1!l thc l'rll]Wr ')l'N:lti(J!l (If
Ille hridge _\ ~hidd, j>lal't:d between the primary nnd S{."('l111dan
lI'inding of 1his inpul Iransfm1l1('1', !'rel'l'llt" errors which \wmld he
(':lllse(\ hy C;\pilellnnt'c t" e,lrth of Ihe supply ::;/,UlTl' In order th"t tb,'
jXllt:ntinb i11lpn'sscd :leross cad) (If the mtll! ;l]"]ns ',f till' hridg\' sh"l\
he equ:J!, thl' j111lClillll pllinl of these ,11111S :llld ill"" tbl' mid-pollil "f



Ihl' input ll':lllsl"rmcr l'nm:lry IS grounded Thl:" usc ,)[ an lllfltll trans
former illlTl'nsCs the "oltage npplil'1:1 l{l Ihl: brid~(' ,Irms, ;l \'l.'r~' rk<;ir
,illl£' feat\lre ill Ihl: measurement lif small c:lpal'it;ll1ees.

Silll'l' 11\0' 11l1Iw,];[m'e or small ("!JJ<lI'ltnlH'I'S at WOo l'ydc'! Ii' Illl-:h
that til WOO ltlicr"JIllcr"f:lnt,j..; 11l'il1J.: ](~),OOO ,.lul1"; il IS d"Slrabk

tll;I!.1 hi~:h IlHI 'cd:l11c,' dl'ledor I", used 1,. (lcllotl' \ he halanl'" 1'111111 "j
lilt: hrulgc ,\s Ill,' Ill1pl'danc,,-' at woo ('\'('1 ..'$ "f a paIr "r St'IlSI!II'"
ll'1cphl"Jl\(, I'('('l'in'!'s is "nly I,f the "rder ..r ,~O,(KIO ohms, il IS e\'hkm
tll:,t this IS I"" I~,\\' [o'\>r thi" r,'aS<J11 :( Il'kph"l1" transf(,rm,'r wilh ;(
pnll1:I!',\' IlJl)l",1;1I11'e "I 200,(Kl(J "lllll"; :111.1 :1 SC('OIHl:lry I1I11J,'daIH'\' ,·f
2tl/HXlllll1l1'- IS \1",,(1 'I'his arr;lllgl'lllclltIJrl,I'illl'S the cQrn'C'l imp,,-',l,llll','
111 lH,th tl1l' hndg(' ;111.1 lilt' klel'h'J!!c {'m'llil!; :!Ild IIl:lkcs il fl"S~l['l,' 101
dl'll'vt:1 \'l'f\' sni:dl ,1ilh'relln' in 1,0tL'IlII'I1. "'Llrll;", lhat t":ms('(1 hy tlw
unIJ:llllllC'llIg ,.f Ihe (',.ndcnsl:"r :lnns tlJ the e:{lcn~ l~f ,'ilt' hUlldrCflth (If
a mirml1llcnJfar:ul .\ shield ~inl1lar to tllal (If tlte mpul tr.1nsformC'r
is plnced l'l'tWCl.'1l Ilw primary and ~cc(1lldary winflings to [1rcI'cnl the
Inlroductilll1 flf l'ITlll'S cmlscd hy \'ulside c,lpal'italll'l:S h\ earth

.\s the UTlLI}.:l· I'; dcslgncd l'nmanly ffll' Ih\;' (,olllpari~oll llf cqlwl
capacitances, the ratio arm~ are 1l1:lde cqual .\ \'nrmlJic standard low
['iSS C'ot1(\cn:::er such as the GCIlC'ral J{ndi" Cn Typc 221. prccision Ctlll

denser is particularly ndalJtcd for usc ill the :-l:L11d"nl :lnn of the bridJ.:\'
The I1SC of equal ratio arlTls without allY switches m:lkcs it possihle tn
adjust these anns \'ery accurately, and 111sure~ Ihat their resist,illec
will always lx' (YInstfll1t. Since the~ ratio arms are exactly alike, am'
change in inductance f,r I:apacitance witlt frequenc)' will be the sallle
in each a1'1n. Iwd will hal'C 110 resultant ciTcct on the hnltlncc of the
bridge.

It is vel'\' often desirable to calibral(' 11 vlTllicr condenser whose
lotal c:lpaciu'lI1Cl' is of the order uf tluCe or fum micromicrof:lrads
For ihis work the bridg-c is first bal:lnced, \I"ing capa{'ital1Cc.~ of the
order of 1000 micromicrofnracls, If one of the resistance r:tlicf Hfms
werc tn bc inereaseu nne part in one th~\nfia1Hl, ! e from SOOO til 5005
ohms, the ratlr, of the capacitnnces would he chat1~cd :u::cording-Iy.
which is :l change (Jf onc micromicrofarnd. In order that the ratio
anns may be changeJ in this manner, resistance units are supplied wilh
the hridgc, These units may he arlded to either ratio arm Allhough
the standard eqnipmcnt (If each bridg-e illdwles tlm.'€' of these resistance
units so as tl, gin: ratios of ullhalnl1cing- of ,Onl .. 01 and I. the~' can he
fllrnishcrl t,) gi\'c :'lll!' rali(. desireJ.

In (lrder til obtain a Ixdance with ;l 11f'idge of this typc, the re,
sistance ::IS well as the rcactance must l>c hllam'('(! To prO\'ide this
resistance balnllcl' n four dial decade rcSiStilllee unit may be placed III

cit her the.\ or 13 arm. The shift is made by means of it single switch
located on thc side of the cabinel. The \\s(' of this decade resislance
pr\J\'ides H t'Olwenient and accurate mean',; "f measuring dielcetrif'
losses

..\ set or uperating instructions covering ill detail it" uscs 1I11t!

opcration is supplied with each bridge.



Uses

Till' T,"!".' lJ(, (":II~I('it~· Brlll~c is an ino;/nunenl by meallS of
whll'h ("IJ>,l"itdl1~'I:"" Ill' I" >-e\· ..'ral 11lh.:mfar;'lCh L'tl.ll IJ(' mea~urcd ljUlckly
an,1 ;\."\"ur.lld ~- I( I,r, "'I,I~'S al"" a means,.f 1l1t:;t<:unllg- C:lII,.'1L;t:lnccs as
~nlollt .1<; a lew mil fnlnwr'lfaraols tu a Jln'~'i:=inn >If lOll{' hundredth (.f a
mKrr'l!lI, r,,(;!f:ul ~Illl'" lite dick-cIne I.,s~ l'qm\·ah.:nl rt'l'li~lanre at
WOlln'db .-;lll 11\' lllt:.,sllr..'d lt~ nn j,hlll wilh this hridge, It IS pns<:lu!f
h. tI\'I,~ill til(' 1,llOlsc ,lflJ,;ll' of eOl1llcns,..rs or to) "'''Tlll'arc different t1ielL'<.,
trico; Tl1(' tl'SllIW (,f small samplt,:... (,f c;.I;le lIr lhe nudr "f tClllpl'ra
t Ill".., ('ha Tl~.'" in tli,,'lel"! ri('~ i!' made c:\~y I'C(';lU!'l: of till' "('11Si li vitr of Ihis
in!'lrlllll"'nl ,\11 L'X;HllPh.: "f Ihis latter 1I~,' ie:: II tc!it made un fl <:amph:
of bald r\11.I,er 'I'll .., ~alllpll' which \I'ns 3 ll1chcs squarc and .,nc-half
ind, lIuck \\";,s 1'!;,L'L.. ll.dwCCll tw" met.1I p1ale_~. At .~-t0 F this s.'lll1plc
had n ('al,nt'ltancc ,.f 1I 111 micrumicrufamds and a phase anR!(' Ilf 18'
When hC:ltl.:d to IOU'" F the c·ap..'lCit~lnl-e had illcrea~orl to 12 15 mil.:ro
mll'rofarads :mel the ph;lSC an~le tu 1° 5':;'

Type 216 Capacity I3ridKe. 8160 00
Dimcn!iRm!i IS- x 14" ;( j". Weij::ht 1 i lbs

('."Ie \\""nl "("I\'IC'
Type 213 Audio Oscillat(jr J2 00

Dimensions t>- x ·13" - x Y. Welg:ht ·Hi Ihs_
Code Word "AL'GER"

Tn>e 221 Precision Condenser ~Ia;( Cap 1500 i\! :\IF $90 on
Di.tllt~nsions 9'" x 8}1:'" x 10" Weight 15 lhs.

Code Word "COPAI."
Type l-t6L Balancing Condenser. i\1<lx Cap. ISOO 1'..11\1 F $28 00

Dimensions ill· x 7h· X 8 1" • Weight!) Ih!i.
Code Word "CEDAR"

Type 169 \'emierCondcnscr. S8.00
Dimcnsinns.'i 12-. X 4J" .. X 1-'" .. \Veight ,I" Ihs_

ewe W"rd "eL'BBY"
Type 1001C Westen! Elcctric Double Head Recci\'cT') Sll.no

The pn'lducts {If the General Radio Company CO\'er a complete
lme hf high frL'quenl:y rndio laltoTatory apparatus_ Information and
bulletins of special apparatus will be sent un request. Our line includes
the flllhlwing: '-ariable Air Condensers, Vernier Condenser. Standard
CondenSt"fS, Dee:t.de Cnn,lenscrs, '"ariomctcrs, Standards of Inductance,
Stand'lrds IIf RC!iistancc, Decade Resistance Bo.....es, \\'avemeters,
Decn,le Bndgc, l'ap~l('ity I3ridgc, Audibility i\letllrs, Hot Wire }.!clcrs,
(lalv,lllOlTlelcrs, TllCl1l10-Couple, Telephone Trnnsfonllcr, l\lisccllancolls
Apparatus.

All I'rit.'es in this bnlletlll arc strictly nct, subject \,Q chall~c with
out notice, FOB. C:unbridg:c. ;\[as.<; Cash shrmlcl accompany orders
from personS or lirms with whom we h,we nOl already opened accounts_
l"nlcss Illherwise in!itruclc I we shall U'>C <Jur own judj.,'lllenl regarding
methn(\ vf shipmcnt

(This Bulletin replaces Bulletin 4081
St;>nclltrd;lI.e 011 General Radio Apparatus ThrouAhoul

f·U91



GENEHA L RA ])10 COMP r\ NY

EL1TTR1C':\L .\ND RADIO L.\BOR.\TORY .\PPARATUS

BULLETIN 410 JANUARY 1925

TYPE 240

DIRECT READING CAPACITY METER

The Type 240 C,lpacity Meter meets the demand for a reliable
direct reading capacity measuring instnuncnt. It is especially adapted
to gcncrallaboratory and commcrcialuscs in obtaining capacity measure·
ments rangin.!.: from .001 to 10 microfarads with an acctlracy to one
half of one pcr cent. Its simplicity of operation and general dependa
bility make it lllv.:lluubic in factory inspection \\"ork in measuring or
comparing capacity values.

The instrument consists of a capacity bridg-e with variable resist
ances in the ratio anns and capacitances in t.he unknown and standard
am1S. A schematic diagram of the wholeassc:mbly is shown on page +l1.
The input is from a specially designed mi.crophone buzzer supplied
from a -I7f volt dry battery contained in the case. Provision is also
made for the use of an external battery.

[Page 440)



Th.· fI.'Sl:;tan{'es ;\1 ami N nrc 1\'uUl1tl on L1nll h,lkl"litt: ~lt'll'~ l..
rnlml' dinnhutcd capacity and indtlctam'l'. R i" ,l_rhl:,'stat "f 12U
,,11T1lS resistance,

TIll' slim,],I!',] \'om1c'ls.'f, C, is j,\1lh up Ilf !lean'I,t';,ss pbtes 1t11l'f
~p;wL·.1 with 11lil"l dielectric assemhled llllrler prl·ssu'rl' ;l[ld imprl"gn:l1l'ol
\1'llh !'<trani!l\: It is tinnh' d<unpl'd in a h,',n';.· "llI111il1l111l [r,lllll'

Tllt- <.'IHllT 'lssl'mbly IS f.:nL'1osct! ill <I I'"hshnl WallHtl l';t!JI11L'1 nll,·,1
\1'1111 1Ill'kl,lc,] h!<.'k .\ ,,"1''-'I,mtial kath.'r hawllt· 1'< 1>1"'I'ld,"I "'ll 11)('

""'lNES

BUZZER

SWITCH ---jl/ll
BATTERY

cun~r uf lhe \::lbincl to make It (;3511y pflrwbk The p'llll'l is of polisl1l'I I
hard rublwl' ,'h" thick carefully engraved wlLh white enamel letlcrin~.

All metal parts art: of highly polished nickel linish. The thrct: resist
aTlce switches have double leaf blades and an.; so constnlcte<1 as til
wcar tht: (:(1!11:1(;\ surfaces ()f the switch t:lJls cn:uly, dimillaling lhl'
tendencv to groo\'c the points. .\ pair of high rcsist<lllcc phollcs arc
furnishctl with the meter and are contallle..1 in a ('omp:lrlmellt in the
caLincl.

[Page 441 J



OPERATION

Hefon' 1,!wr<llll1g the lllekr It 1'; llCCl'SSal'~' \1' pill the I,aller\' III
I,bn>-' a" f"lInw,;. \{\'m"Yl' lhl' r(ml" s,'re\\':-' ;,t tIll' "'"rlll'r''; ,l1ld lift lI,t,

p;uw! oul TIll' ballc'n' i~ thtn "hl'l'erl ulId..'r tIlt' sl ..x,j h"ldl'!' :i0 Lhlll
t!1\' tl'nnin:lb In:,k, \QI1I,I\'( \\ilh til\' 1l1l'lal ~;lrips "II thl" l'mb I1f 11,\,
111\~I:Cr leads 'I'll\' j';llwl ma~' 11"11" 1'l" l,ul h"ek III I'lal'l" and till' Ill
slnnllcn1 is n';uh i"r IJI,craLi('1I

Thf' 11111\11<'\\'0 (';'l"ll'it~· is c'.nll",,,'!,,d t" thl' (W,. dii's I,ll :'\ III th,
,1I:lg1':0111 The Ibn'I' ,!i:,b markl'\l ").III'H,I:,c,,!" . "Tellths.' "11\111~

drcdt]ls." :111,] Ill .., ;I,:d Tl1:lrkl·.j ",\lultiply Ih" int' ~'" ;'lIpn>:-;ll11alL'l.l" at
ti,l" ("ap.wlty 101111' 1l1l',ISllrl'd If II is kll1lWI1 Tlw bll~.~.\'r swllt'1, I'> turned
I,ll :l1ld tIlt' diab ;In' :<et, hcglllllilig with !ll(' dial TIl;Hkl',l "\ri~T"fara,k'

~'Ild tldjl1:<llllJ.: tIl\' thn.'" 1')\\Tr ditdii ill turn lint II th~ 111111l111Ull1 SIlIlI1o!
I'; heard 111 the phon I'';, then :ldjustit1).: thl' dial marke,l "Pn\\,cr F':II'I"r
III Pror {','Ill" unlillhc s"und hei1rrl11l tllo.:' pllPne" l~ still iUrLhE'r redul"l,;d

The (',(panty IS read on the three lnwer dials, heglllning ,1\ the ldt
Tilt rl'ndilll-: "f tlw di:tls times the multiplier 1'; the (',qn\cit\, in mirrn~

farads TIll' \I,'r CCllt 1Jf)\\'er f;lctr,r is !"l'arl frPm lh,' P,lwer Factor dial
Fur greatest ul'curac'y thE' multiplier dial shmlld be sd :IS f"l!l1w:-::
For capaCilll:s irn1l1

"

I ttl 10 1\1.1'. multiply by
0,1 to I 1\1. 1",
0,01 to.1 i\1.F.
0001 to 0.01 il1.!".

I.
0.1
0.01
0,001

Irthe roeler is to be stored ur shipped the battery should lIe r~movcd,
otherwise the clectrolyt!:: in the hattery may nm out and damage the
Illcter.

USES

The cajJ:lc;ty mckr is espec'ially adapted to all II;;('S where a C(lI1

n'nicnt, nlggcd, and reliable in"tnllllcnt i~ desircd for g"encrnllauoratory
and C'("1Jnmercial usc in mea~a11"1llg capacities. it is particularly suiterl
tn the \lSC of manufacttlrcrs of condensers for an inspection instrument
\\'hereby conden<;C'rs may be qu;ckly and rtC'cllratcly tested to a ;;tandard
of C:\pac;ty. \\'hen a l~IIl"('l1s!::r i~ being tested it is only nC'ccssan" to
vary the sl:tlinj.: of \lilt' uf the capacity switches within the limits of
the lI>lerancc alluwed, The power factor dial olTers a ready means 1)£
detecting cOll(lcn~rs with hibh losses, Be<;uuse of its ~ill1p1icit\· ('of
Qperatioll this inslrument does not require a ~;ki11ed operator and' will
Iwt msily get out of oHkr,

Type 290 Capacity !lletcr. ., .. ,'.. $80.00
Dimensions i~ x 6~ x 14~~. WeIght IUYllbs.

Code Word: "CYNIC,"

IPage Hl]



The product,; \J[ the l,clll:ral Radio COlllp,lny
line of rnl1in :tnil electrical laboratory appar:llll';.
bulletins of !'PCCi:11 app'll.ltus will be sent on request.
the folluwing:

co\"cr a complete
lnfnnnatinn ami
Our line include:>

Standards d Inductanre
Standards oi \{csii;tancc
Standard Condensers
\'llriable .\ir Condenser,;
De«Icle Reslst;I1lCC Blixt..,;
Tc1l..1,holU: Transll,nnt:r

ThenUfl-C"uples
Ilot \rire :\Icters
Ca!,"anomctcrs
\'ernier ComlcTl&'r
.\mlibility :\lctCN
\\'a\"emctt:N;

\"ar;(,metcrs

Cap'lc;ty Brirlge
Dce:Hlc Brillgc
Dec:lde Condensers
:\ IISI..-cllalleous

.\ppamlus

.\11 prices in this hulletin arc strictly net. suhjcct t,) ch:l1lge wlth
Ollt notice, I;'. 0 B C:lmbridge. l\Jass. Cash should :I1'CL)1llpally urdcrs
from perSons or linns with whllm we ha\"c not alread.\' (\I>Cl1ell accounts.
Unless otherwise instntctt.>tl we !'hall usc "ur (lWTl judgment regarding"
method or shipment.

[Page 4-131
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ELlTTIHl'.\J, .\.\1> R.\DIO L.\BOR.\TOI<Y .\I'P.\R,\TL·S

BULLETIN 505 JANUARY 1925

Type 170

HOT WIRE METER

.An instrtul1l'lIt for the measurement of currents at high frequencies
must haYc its inductance and capacitance kept as ~Jl1all as possible.
lligh Illlpedance woull! cause the readi!l~s t,) \'nry with frequency.
For many rndio freqmmcy measurements a suitably designed hot wIre
:l1nmeter has the necessary characteristics which particularly adapt it
to this work. It should, howc\'er, be recognized that a hot wire am·
meter is inherently a less accurate instrument than those of the moving
coil type, which of course arc impractical for measuring current at
high frequencies. In our typcs 12i and liO Hot Wire Ammeters
careful design and good workmanship ha\'c produced an instmment
which is electrically and mechanically g"ood, rugged and reliable. These
lIleters. parti('\lIarly thc galvanometer type, which is the 250 milli-

l.'i 1i;



;nlll'\"n' "17.~· 11llt'alibr;1\1."1. .Irt· u"t..~l \I;ry l''\lt'11~i\~·1 III W;Wl.·ll1t'tl'r<.
;ll\d ...umlar ,,"{·il1:ltlllJ..: 1.:11"1.:"\\11, for dl'll:."rll1l1\111~ tht· r~'S<l1lall('\' IMJltl\

Th~' T.\']It· In md...Ts arl' n"t~ll·"tl·l1S1\'v1.\· fllr llH::I'iUrlll).: llll' f.1diatl~\Il.

lilallwnl all,1 1,latl' (urrent" 111 eX!lCrlm...·lluII l"mlllItU'US \\";1\'1:." trails·
nlll1l1ll-: ..1;HI"lI", The TYP...· 170 1Il1.'h:r-: han' foulld il \nd~' U~' lfulshll'
,f tl'I' r,l,b" tid,1 Tlw\' ar~' u",..1 ,I" lr:lI1"It'r lII..(nllnt· It::' III p'!1\"r<\I"r
\"S(1Ih allt! <11mbI' work

Tlw ...·xpllndlllg "I rip 111 tht.-SC n1t:\L-f" IS ,,( Ihm I'lalll11l1ll. '" a" I.
11"~'\'l'llI ";';\l!ati"n It is 'i" pruporti"Ill'ol tll:ll ,t 1I""rks at a lo\\' Il'm·

11l.'r:L(Ul"t· and I" hI 1"11" rt.""istr'lll't' Thl"'t' :lfl; 1\\'" h:J.:hl~ dt"';lral,lt,

leal un.:.... "'11\<'1' III" lonner IlCmllt" n.:a""nahll' "\"t'rI, "lolili" wil h"l1l
!.U011lJ).; "UI ,11101 tilt: latter mlTlllni1.l'~ tlw I, ...~,.;

Tilt, t;.'IIl' "i multlplYlllg ,H:li"n is ...neh lhat ;\ mOfe tlntl"nn "t..·:111
" "h\:I111ed Ih;l1l with many htlt wire llll'ter;; These 111l'tl·f.. h;L\'l' hn:ll
l'qrn'{"ll'(] '"r U:IllIl-crallll"(: s.. tll;H there i,.; very lillIe shift ..f It:r.. .\n\
1\el·l·...·,:lf~ ,'"rn.'(·tl"l1 llIay he madl' IJ~' adjm;I1T1}.;;1 knurlt·t! SlTt'W Till"

I 'lK' "llll':lniment I. ("(lu..II\· a("("tlmlt: "n ,llrl..'(·1 "r allt'nl:lllll 1'\\rn'lIl
,.f :lllY fn:qlll..'IlI'Y

Thl''''''' 1l1slmlnl'nh aft: mad!! 1\1 t\\'fl J.;t'l1l'r;11 ..Ill'''. TypL' 12i b

th\ ~\ll:tlll'r. "I" tl1n'l'·inch SiZl', and i .. madf..' \II lhrl'c (\'I'l''', l'"nal,lt,
t'wlIl .."f..IM"lrd IIh'lIlltlllg" :Illd 1l11"h 1ll"\Il1I111;". Tq ...., I iO I.. thc l:\r;':l
""Ze ;t nd I~ m;"k l,nl\' III Iht: 1M ,nahlc t YIM: II IS Ill' ·\lnlL'.1 HI ;1 1M ,li..Il,..1
\\'alnul .:I"t. :In,1 tilll~1 \\ Ith ('arrYll1~ ..I r:lj'

The 'I\p,' Iill 1I11'll'l"'; ,Ir,' mad...· III (hl.' ::'17.1.''' l1'it ..... 1 1,0;1,,\\· 'I'll

rypl' 111 1l1l'!l'!''' ;l!'l' illl1,:lrall,d :Illo! Ii"lt'd III Ihdlt'!111 (lIt;

TYPE 170

RlInlJe Code Word c._ Puce

lOll \1 .\ EXl'L.,. P"rWI.ko sn '"
2.~O .\J .\ E\·OKE ]',ll'tal,k 12 00
"00 \J .\ EX.\CT llortahk nUll

I am!' EXCEl. I'''rtallk' n IK'
!alTll' EXERT P"rtabk 12 00
.lamp EXILE Portabk n 00
S ;11111' EXIST Pnrtnbk 11 W

10 allll' EXPEL P,.rt.luk 22.00
10 alllli EXTRA Pnrtable " ",

(;"I\'an'ITllt:lt'r ETHER Pt.rtahk, " IK'
I)II1\l'I1"'" '11" 4 t ~ • X S· X 3 1 ~ • \rl';~ht 16 "l

r,i I,~ t



WESTON METERS
~11J1Jll<:lm'11111l~ 'lUI" IIwn 111l~ of hot wire alllmdcr~, \\'~ ,',In ,~l.llJl'k

\\"v~l"n dil'(,(,t-('t\l'rl'lH I"Ollt l1l~tcrs, ,hl"l'l'l-l'urrent tlm111CLC:r,; ant1lh~r1l1\1-

ammeLers Thes~ tl1dl'l"S ~lre "l1th~ Y' ,;iZl', Ilu~h m!l\l1ltin~ lI'ah Illal'k
,wptln finish Tllt,y <ll"~ similar In appcanllu:l' and int\.'rc!w.n).:l':d,!e 1I"1Lli
~)ur Type 11;-.\ hr'l \\"il"\.· ~lIll111dl'fS, The quality and ~t~l1ldards oj
\\"('';11011 nWIl'rs ,ll"L' S'l high and so \\'l'll kn"\\"tl t)mt It IS unlle(.'l',;,;an' I'ol
r1l-sl'1';)'(' 11lt'111 111 iunlll'l" dd;lil '

Model 301
DIRECT-CURRENT VOLTMETERS

Tlit,se lllL'\('I"S are m:lOk 1'01' II\"" gCl1(,r:d drtss~~ "I ~t'nl('l' 1,,\\
r;ll1~l', f"r ,kt\'1"1111ni11':": tilt, fllallwnl l'Olt'nlial nf \":II'1H111l lulws and
high rilll!-:" 1"'1' dd l'rln1l1 in:.: I ,hill' 1!"tl'l\li:t!s Tl1\.' 11l"S, l"'!'lll"r
"i%l· ... ill',"

Range Code ~Vord Prlc,",

-I \-"It-; .\ul"hal'IIH" SX,lHl
10 \"Ills .\lll"blltll ~ 011
1.'i \'olls .\utqba,;kd X (10
.'\0 \'ults _\ut\llmnk X (10

lOl} \·(.h" _\utob:lt J.i Oil
lli~lIL"l" f;lt1t:1'" ll"il1g (''''ll'rnal shunt,.; 111:1\' I.l' ~IlPJlll<'d If ,k~irl'd

Model 301
DIRECT-CURRENT AMMETERS

I'btl' an,1 lil:11l1l.:l1l curn:lll 1l1~aSUl"1'I1lellt" arc :l~ 11\.'l'l':-.~al'\ .1'; thl'
\'l,rrl.:~poll\lin).: \"llt").:,, tlll:llStlrl'llll.'n~s F",r I hI'; Sl'n'W(' lht' \1lKld 301
dm.:cl-cUI"I"l'nl :\l11l11l'1erS are t'l I'l' l"l'("<>nITll,'n,h·rL TIll' 1111'';\ l.1sdul
r:1n~l''' :la'

RM>f1e

,'i lTllllialTllil'l"l'"
IO(J milliamjJl.lrl'"
100 mill1ampt'l"l'"
I :' aTllpl:rc~

3 ampcH'"
,"I ampCl"t'<:'
III amlll'l"CS

Code Wo,d

.\l1t~l~ak

.\Ul(!gilgl.'
,\llL()ga~k~t

.\uloC:lh

.\tltocoti"l'r

.\utoe')lT1b

.\uU.r.:'ltll,ll.'

I.' I'ol J

Price

~ 10, fI{I
~ 00
800
~,U()

1\ 00
l' .110
H,OO



Model 425

THERMO-AMMETERS

Wht:ft: tjUlcklll''''-'' III IllO\"l'ment :lnC\ low mlll:f Cl1l:f~~ '<lI1HIlUJltioli
:lfC llnp"ftant. fc:llun"s, Wl' fl'l't,mlllclld the use of thcnlllJ-:\ll1ll1ctcrs in
place "i hl1l wire :l1mlld~'I~ fOf 1l1I:al'\Inn~ ;ultenna l'ttITCnts. The
\\'l'''\'111 \!lx1c1 425 thcfm,,·nlTImt:tt:f h<l!; Ihe sami.' "n'Tal! dill1l'n>;lllllS
:,>; ttl\' )I"dc1301 dirt.Tt·('m'l'l:l1t mi.'lef>;, This lInil~' in size and appelll"
alll'," ,l:f~-'lll.\" i'( Ids t" the 'Illr:l.ct i\"t:lll'SS' Jf a ('(" llph:tl'ly l'quippL'd ('Ontrnl
1';1"11 The :\Ifldd -l1.; "H'tl'f~ :-Ife nmdc in the followim: ~ize<;:

Run~~

"i :unpl·f.....,.

;unpCfl.'"
,; ampefe"

10 'IJn{Jl'fe-
20 :Ul1jJefCl>
11.5 1l1111iilnll"'fP I~:lh';l1)"ll1l'lt:r

Code Word

Thi:l7.1U
Thil>et
'!'hickl"h
Tlm'lt
Thicnyl
Thict~I.'\'

Prj~

817 flo
17 (XI
1, 011
1~ 00
I,~ Oil

11'1 .50

Th\." l,r".luct" ..f tIll' (;l'11eral K:ldio l"OIUI':lIl~ l"\"Cf a (,lIlllplete
Ill1\: "f ck'i,."{rical and m,lI" 1,lh()Tat(lfy :l.pp.1ratu;; Infonn:l.til"lll and Lul
It:tin;; "I <:11I.."<'lal :lPI'.:IT:HU'" will be' l"Clit "11 rL'<lul:s(. /Jur line mdudb
the r..]I,,\\inJ.: Yari:lhk .\Ir C..nd.:nscn:. \'l'rll1l'f C"lI\lcll~, St:lnd
:lfd (·"nlkll~r;;. DL-ettle CundC"l1'iCfS, \·afllolnctl'rs. Sl:md:lnb of Ill'
t1u('tmH'I.', Slll11danb nf Ih'sistalllX', D\.'Cadc R{'.;i"I:lIll'C ll'ixcs, \\'a\'c
lllcter!:" I)cc:Hlc Britl~c, Capacity Bfidge, .\udibility :\IClcrs, Hot Wire
:\Icter;;, (;n[\"allomctCf'oi, Thcnno,CoUIJlc, Tclc]ll1\ll1c Transformer,
:\lis("('l1ancow.; Apparal\l'"

JThis Bulletin replaces Bulletin 5041
Srllndllrd,oze on Ceneral Radio Appllraru~ Th,oul1hout
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Type 305

COMBINATION WAVEMETER AND FILTER

With the large llufllhcr of hroadcastil1l{ statiolls opcratin~ there
arc few locaticlllS whcrt· it i!' not often dC!>irahlc to eliminate some
interfering station. llnlcss the wa\'c length separation is large this
elimination can ~ldom be obtaincrl by the ll"ual tunin~ methods.
Oftentimes there is geneml illlcrferellet'" which il i!'; desired to reduce.
These results ma\' be accomplished hy Ih(' 'U!';C of the Type ]OS Radio
Filter. This lIlstnunent consists (If a tun('ol circuit mc1ucti\'eh'
coupled to a coil placed in the antenna eil·cUll. To usc this filter it
is necessary unly to ('(llll1cct the antenna and ground wires to two
binding post~ 011 the input side of the filte'r and the reccivinl{ set to
two bincling Jlo..ts on the output side. All ncccss,1.ry challges in con
nections arc made by a single selcctor s\\·itch. .\5 this switch is pro
vided with an ofT position the filter may be left IJCnnanently connected
and used only when desired. This ~lector switch enables the filter
to be used as either a rejector or acceptor wilhout the necessity of
changill~ a single external connection. The condenser is a special
model of our low loss. ~ear controlled Type 247 with plates shaped so
:tS to Rive a nC.1.fl~· unifonn \\'aye lcnRlh SC"alc. The coils are wound

IHI1



\\llh "uflicio,;lllly Jar)..;L' \\'Ir,- l" ).!1\·L' lht: l'irl'llit :1 1,,\\ dt:crL'tlll'llt, nlld
the number or 'tUr11>: qf !liL' :IJlILnna {"oil ;.rt t'nTllrollL'd In- tht:: s(:lcL'tqr
!'o\\'lIl'h OllL' lOf thL' \aluahlL- fl':jtl1rc~ I,f tilt: il\~tnllll{'ni is th\.' wan'
II'nl..'lh 'wah- lll:lrkt'd dlr\'<'11\- "tl til<' ('(JIldl'IJ"I'r dial This S(':Ik. ,'alt
IJra11'l1 I" withtrl 2'" lI..l "nil' ,lids 111 tIl\' Sl'\tlll).: "r the jilter, I,u\
,ds" L'll:ll,ln till" Jilill (" II\' 11"1,,1 ii' :1 Wa\'I'tlll'tl r Tlu s(':dl' 1.~ 1',i1I
l,r:dl'd frroll1 L~l) I" ~1I0 11l1'H'l"". \\hldl j" tltL' I\"urklllg r,mgL' nl tIll'
hher The L'nllrL' L'lju1l'lrn'T1I IS 11l"I1IlIL'd "n il h:lkL'lilt.: 1':1lld ;l1ld
cndllScol III il l'(lh~llL'd 1I'"h1ll1 1':dJlllo,;t Thl nWI,t! l'ilrtS :If(' JillisllL'd
III !,qli~hL ...1 tlHh·1

r:tJ D gJD"" ..."
",..n.." "H. Sl:T nLT~" m.c SLT

riC;, nC;:.2

OPERATION

ThL' flh"1" L'an IIC used with :IllY <1111('1111:1 cunnc-ctc(] recl'lving sci
til lmpro\"l' thL' st:'lcc"\i\-il~'; the impro\'cmcllt being lllore noticeable
wlwn used wilh the slIlglL' circl1lt typl' than With the lTHluctivcly
I'(Jllpll'd type IIf l"l'CL'I\'Cr \\'Ilen used with a crystal receiver the
ojleration of thl' filter is quite siml'le. but S(JlllL' prncti\'e is nccessnry
til Rct the IJl'st rl'sults WhL'll u,;lI1g it wiLh a n:gt:nerativc tube &:t, es
pecially whell t he Parallel Filter IS use<l The external connections
;\re t he same fl)r ;,]1 uses oj the tilto:r. The anlenna is connected tn
the binding post marked _\ nntl till' gruund to e The binding posts
<"If Ihe receiving sct that (lrdmarily would he connected to i\ntcnna
;)nd gnlund should be connected to the tWol Elter hinding posts lIlarked
REe. SET Whell thL' \\-hitc inc1ic:ot"r linl' "f the filter selcctor switch
is ~t ()pposilc Ihe contact mnrkc:d 0 the filtcr is disconnected and
Ih(' rc'ccl\-il1g SCi may IIC used JUSt ;,;; if the filter \\"L'rC' lint present.

I TilE :-;ERIES VILTER When the ;;elector switch is set
"PI"'slte the COI11acts marked 8 or 5 of the SER side, the connections
arc as showl1 in Fig'. I. It will be seen Ihat the fi!U'r is connected in
series with the antenna. If 11ll' Wilve length scale of the filter con
denser is then SCi at !iOIllC point such as .160 meters illly lllCOllllllg
bignal of this lI'a\"l~ It::llgth will be prc\"t~ntl'd from rc~\chil1g- Ihe recci\'
ing ~ct This is due til the coun\cr-cleetrOll1oti\"e fprce ~ct IIp in the
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fl~IWlllo.: (ITlllll "f tho.: tiho.:f, Thl 1/lIdl\"11I"" of till" filter III C'uttlllJ.::
',111 " ,1;.(1 '11 010.:1 ....11<1' Illl th.,: "/K'fI'1I1 '" lhl IlIlIlll~ 'f tho.: ~Iatl"n

F"r Ihl- rl, Oil "1':Irl, "1:I1I"n~ caTllI"t lot· tlll11lllall'.j dT~l'li\'l'1~' ,,~. the
".rH· rill"r Thl f~mllh'l hlt"r 11111"1 I~ 11"'-',] \.,r ,lull 1';"I"l'"

\\'1l1"lt 1l I' dl'''ll"l'd t'o t"!nnHl:II, ,I SH1~fl 10r"adl";ISIIl1l-: ror "lhl'r
, "l1lI1\(I, '11' \\';In',lrlt \l 'II "l'l I hI' liltl'l' -I\ltdl al {l ;lIld I \llll' Ill\' T'e\,\,i\
Ill" "d \llilll Ihl' \I1lik~lr('d ~Iilll,oll I' l't"'I'IU',j \I'll1l lIl:txillll11ll m
11'11"11\' Tl.I·n -,', I Ill' liltl'r ~I\'ildl "n 1"'1111 :-; ,of thl" SER ISI'ril''''
'l,k ;11,01 lllrn till' W;l\l' knglh "l';lk I"wl untIl 1111 ·talmn ,1IS:qll'l-;,r
"Ill n·!ll. hH'1.: ,1:':;1111 R"lilh' ttll" ,h,ll 1",1"1.: ,'II.] ("TIll. lI"jll).: tilt

"fH1\'r k""J, mltll Ill\' 1'''1ll1 ,f 1ll1l1l1ll1l0l lIlh'll 11 l. f"II11d 1.....·a·.l1l).:

l' lil"r I ;.1 till I~ollli Ill\' r~""'I\lll 1 lila I..., n'-11l1ll..-1 1'0 wh;ll
lH'r 1\'1\1 kll:;:th I tit· lfltl II tIll '1'''''1; kt1J..:lh 1 ,""rl' Ill... , III
IllI!lT" "W,I Ir<>1l1 Ihal "I III lnhrlt"r'll ,li,II'1> U'lli.I1~' II Illlif
Il'rl'l1l'\.· \\ III I'l' l'.\I'~TlO 1lll~1

II th.. lJ111·rfefln>.' ',lall"n slJ.:nal 1111"11"tly I' mall P'l1ll';IH',1 w1Ih
Ihal "I lil" dl'slred slan"l1 the tilh'r ""llch m,IV Ill' "t'l on pOlilt ,:;
Il1sl";1I1 ,,( X Thest' llU1111wrs rd.'r ttl tlln!' "11 ttl\' ('Imphl1J.: ('"d
'I'll\.' Ul"n· lurns II.~\~I Ill(' 11101"1: l,tfl't"11\l' Ihl' lilt.'nnl-: adi"l1. J,lIt a
t,r";l,kr Ill'nlr..hz{·d hand I~ "lJlaltll~1

\\'In'n ..1l11mg 'till an mlt'rll'nng slaU"l1 IJ~ Ihe "t·n,·s COl\n~'('II"n,

Ihere Will 1'1' n" reduct;un "I' :;;;J.-:nals nn Wil\'l' I~ngths .IiITering In' a
fe\\' mct.'rs ff!!1ll lilt· lilter sl'ning Thl' wave knJ.-:lh of lhe mterkrillJ.-:
st a t Inll ItW I' ht, read from tlll' sellin).: 'If Ihe lil ttl" ""l1dell::;l'r dinl

1 TlIE P;\I{ALLEL FILTEH \\'hell Ihl' ~l'I{'ctor ~wllcll is
scIon th., 1'.\1< (p,aral1l'1) "ide tht: COlllll'elulns afl' 1IS ShflWIl III Fig. 1.
It will he !.Cell lll;ll lhe filter IS ('(lllll~'I·t{~lll1 lIilT1llld with the rt.'Ct.,j\'ing
"...1 and f.,nns a shf!n clrf'uit b{'l\\'l~n til{' OlnlCllIl:I awl ).,'Tound. In
(~!ming sigllids ,·f the same \\'avc Icnl:lh as Ihal for which the filtl'r
IS <:"1 lllliid 111' 11 \'nlla:':l' aCT""''' Ih~ I('nmllals "f lilt, filtcr which IS
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Impressed on the input of t1le recl,ivcr. Signal!; flf :'Ill other w:!\'c
lengths are not in n'::;<:,n:tnce with the tiller ;lIld pass W tile' ).:rIlund as
if short l,:ircuitcd II will thus II!' secn that Whl'll >:('t fl,r thl' ]Iaralld
p"f;itloll the filter Will l'l'nllit ..nly "i~n:'lls of "nl' 1I':I\,e !ellg; Ii hi rl'a('h
the recei\'inJ.( Sl't Thesc siglwls, \imW'\'l'r wll1 he reduced somewhal
1Il strength, <lUi.' tn 1l11;J\'llidal,!t' IfIS:;l'!' in 111(' fill!'l' c'lrcuil. SIJ that it i"
Jll..ssihlc ti) usc the p'lralk1 {'OIHll'('t1nll "nl~' \\lth sigllab "f at le;I';1
nlClo.lcr:He intensit\,

When it is desin:d lu !\,'l"'-'IYl.' fW1l1 :1 sill~k st:lti'Ul finly sl'l Ih('
lilttT switch at () ami tlllll' the rf'(~I\'illg "et !ill ;IS t .. l't'l'l'i\'(: tlllO dc-$ired
station at maximum illtl'nsllv Svt thl' filler switl'1l <in S "f the P.\T{
"idlO "ntlcardlll1y tl1m 1111' W':IH' It'lIglh lhallllllll lhl' slgl1nJs arc ag,lln
hc;,rd willl maximulll intcnslIy FurtiJer llllprOH'llWllt will lIe 010·
CI1I11'd by re·tuning the re('ci\'ing ~t't ,(lld l1lilkillg any fur\lll'r rt'·
l1r1jm:tmel1l necessary ..n the niter. Tilt' h('!'! !'l'SI1!t:; will hl: ohtai1l{~d

I1sing thl' parallel COIl11l:ctinn after l'XI'l:rit'I1l'C is t,ht;lined ill the r('·
tuning adjnstJllCll\S, ThL' tUlling' of the jiltl'r 1S \'C'ry criti('al ,1I1d (':Ire

t11llst he takcn i1l1l1akil1~ setlmgs,

The paralkl ('oI11lt:l,'tioll will be f"~11111 1';lrtl>'l1lnrly Illlpflll whcn
it is desin.:d ttl listen to a lJrO;Il\(':lst pl'llgr<l1l1 without the annoyanl'c
"f mdilJ telegraph interference.

.{ USE ,\~ W,\\'E:\IETEI<, \ra\'clcn~lll<:..frcl:el\'(dslgn[)l:<
may he m<.:a~l1t'cd directly with all [)Ccnr.ll'y of 2"; To r10 Ihis set
the filter s\\'itC'h on (J and tUlle the rect:i\'ing set tu thc desired ~itati(}ll:

then sel the filter switch un 5 of the SER silk :'IlIl! lurn the wn\'('leI1gth
sl'nlc until the signal disappeOlr~ The rending nn the W,IYe length
,hal is tl1n\ of tIl(' in(~'1l1ing signal.

Type .lOS, Comhination \rn\'cmetcr allli Filter $25 00
Dimcnsinlls S~ x f)1 4 " ~ H1'~ \\'ei~ht 7 Ills,

{'"de \\'lIrd "FAJI{Y"

The products vi the (;cn('1';11 [{mhr, l't>mlJ:Il1Y 1l1dude nOt only
thost: listed in this bulletin, hilt i11!;!l r:lllio nn<l e1eetrieal laboratofl'
:1J.lparntm;, 1l1fonnOllioll and hulletins \If spc('ia] npparatlls Will I~

~cnt 01\ requcst. Thesc instrllJl1cnts include: L(J\\' Loss Vnriable
Air C"omlcnser:;, Prcci~ioll Condcnser. \'crnier ('ondCllscr, Decade
Condenser, Variulllelel'::, Standards or Indul'lanl'l:, Standards vf
Hc,;;ist;l11ce, Decadc Resistance Boxes, Impedance' Bridge, Cnpacity
Bridgc, Audibility !\letel', \V1lVl'lllC'teI'S. Ratio Am1 Box, Galv:'Inomeler
Shunt, I-Iot Wire Ammcters, RCC(Jrder~, Amplificrs and :"Iliseetl'111cous
ApP.:lrnlus.

All prices ill this bulletin are stria1y lid. stlujecl tu chall~e without
notice, F, 0, U, Cambrid~e, ;\lnss, Cash should accompany orders
from persons 01' firms with whom we ha\'e I1l1t already opened accounts,
Unless othClwisc instnlclcrl we shall tlSf' 1>111' IIWI1 jlld,gmcnt reg-nrding
meth(>(! ('If shipment
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AUDIO OSCILLATOR

Type 213

Till' pn-el"inn tor must ahcnlaling l'urrClll lmclKl' measurement<;
IS in 11" small meaSUfl' dl'1~ndcll1 011 the source lIf power SUpphL'{1 to
the Ilridl.:l' The \\"a\'donn should IX' pract1call~' free from ham1nnics.
Where a bn1ancc is imhcalcd ll\' means of the !lull method with a tele
]lhone rccei,'cr. the prCSCTlct' of il:nmonlcs of ('\"en "cry <;mall mag-nitudc
will prc\"cnt the accurate dNcnninallol1 of the balance IXlinl for the
fundamental. The frequency must remain ('ol1<;lanl The supp1\
source <;hnu\.1 alSfI 1)(-' snllple in Its "pl'mtinn. fllJ..:l-:l'(! and reliable_ It
was to Illl'Cl thest, fl'fIUircl11CIHS th:ll Ihl.' C;I,:lwral RadIO C" TqlC 1H
.\urhn (keillal' 'T wa" dl.'!'il:ll<'(l



The untplit of this (.scillah,r i~ al ...ut 1I11(j "aU ~l WOO \.. ydes,
E'(ternall,inding- posts.arc SO arranged that three <mtj'u! '·.. llt:tJ.:cs may
be ohtained. The outputs .. ,utainahlc with I hc"C three r1ilTcrcnt {'''n~

1I{'l'ti.,n;:; .Irc a~ f"lIows

Point

Low
~ll'dinll1

111l.:h

Volt·..1fe

o ,i \-f,ll~

I ~ "<lIb

.i II ""It"

Current

11M! milhalll[}l'n...
-II! 111llliallll'Cn.,.;
[}. nlllha1llJ'"'rt,'~

[-""r ~1'1I1'" capacitance 1lll,':lsl1rc11l(,lIt~ It l~ dC"lral!k t" 11~(' ;t hi~h

,,"I1:ll.:l'. TJlis increased n,llngc 111;t~' I,l' ,,1>1;'1111.:<1 11y l'"nllcl'llng ;01
ill,hwt;lIw\' and caj!;l.{'ir,llwe in scne~ ""T""" 111(' I, igh ""Ita:.,:{' "utput
terminal" ..f the uscillator, By a.\jllstiTl~ 1111:-. ,'in'nil l" l"l.'SlIlIiUWC,
\'f)It;t~e~ as high ;lS 50 lOr IOn Ill<l\' 1>... lll,taim',j \,," n,nn('l"tm:..: "utput
lead-- :urns,; the ("Cllldell~er This instnulltnt ,·.:ill "II('f;ltc .lti..;far
toril. '11 frum {'!lIr ttl l'i~ht nlhs. TIl{' 1'11'lIt .."urrcnt is .l!,pr,,~illl..\td~'
111,; .IIIlI'.....n .. Whell n1l\nil1~. the PH:ill:.t.,r 10.\ 'It' Ill';lrd f"r.I \Iis
t:J!1<'C "i <I11proximatd,' IW~!1!\·-live i ..,\:l, .1' I \ he llJ.,dc ik"lit In'
('ndo~lIll" in a !'<'1111d-l,r,,,,f Ioox .

Th<: C'm.'1.1ils oj this o..;,,:il1alnr arc ~h..wn;lI til'" .1iil~raJll. The
d"sin;.. I,f Ihe swit{'h 1'1:l('('S the ii...1d Illa~ttdi;wl~ llfil ,lIn·.-\1I ,It'r,,~,:

til{' hatl ..'n-..\Jsn a{T"~S the haUen' IS the l,riman' I.f til{' input Ir:lIlS
f"rnWI" til '-C'ries with llll' micr"ph':lIc l'IHl"ll Tile l"I:son;l1w,' nrntit
C<-'ll"I';l~ "i th ..: sCI'<.nd:!.rv of lhe input 1rall--!',l'ln..:r, tIll' l,ri111;lr~' "f
tIll' "IIII>\lt tral)!'i'lnncr, thc nnnntul't' ,'"il ;111'\ thl' \·"ll,lel)!'<.'r Thl'
l!utl1\lt Ir,lllsfonncr ...e{,(Ill(lnr~- has tI1rl.'C I;q'~ til 1!I'nlll1 thl' "I,tllillinJ!:
uf threl' dilTcn.,llt l)l\tPllt voltagcs. The' Ill'(' IIf th,~ tll'o tral1sformers
pre\'l'nts tIl<: output W,I\'C from contnininJ.: atH' dircrt currellt compp
llent E;1Ch tran~fonner {'(Ife has a ~mall air gap I.'> pre"p'lll distortioll
/J£ the \\a\"(~ fonn. SinH:. huwe\'cr, the lllil..:netic circuils arc all nearly
dused iron p,"ths there is "ery lillie lJ\lhide licIt!. Tll1'~ feature is
l".rtlculnrly impnrlant where the (oSCil1:ltnr I'; 11(';11.1-:' used 1lI dose JlNlX
imity to the hridge. The hlllinf,; jork insure" lhat the ftL:qucncy be
'kept constant and :It lOon cyclc!' The Tl.'SlIll.I1H:C circuit i!> carefully
.adjustCl') to lhis \·alue. Sin{'(' the oscil1nt.. ,r 1;: >'C1f-starti1\~ it may be
locawd at n point distant fmm the hrid,.:c :lIul operated Iw :, switch
plnCCl'I at the hridJ,.:t:

IIv the use of the tidd maJ,.:ncllr.inl-; 0'11 ..n ..nc lme uf till' vlbra
lln~ f'>rk, instcad of relYIIlJ: on its pennanent tnaJ.:l1ctism, Ihe polarity
and mlcnsity of the mllgnelil'_.tion of the fnrk \\'ith rt'slx'('t {ll the
nl"maturc arc l'Cnnanl'lltly mainlained.

Success or failure lit the operation of u hummer, or audIo OSCillator,
lies very largel~' in the microphone bULton If the lmWJfI heats so
that the oscillator caulI()l be run indefinilcly, If thc adjustment of the
butlon is not pcnn'll1cnt, IIr if slight mechanical shocks chal1l{c iL<;
oper::tting characteristics lhe <lSCillator hac; little commercial \'aluc
i\ l1ic;tortion of as small an amount as onc fi\'c-humlrC'flth of nil inch
fr"m l1"nnal mica will r1cstro~' the perfect "!)(:ratinll "f the I'llttlln lu

1'5(11



nfl1('l" that the hutt'!!l mar be 11l~CI1'.;ili\'c to mechaniC;L1 shocks ::tnd yet
"pentte pfl1llt.'rh· at 1000 en:-le~. u~c IS Illarle (,f it~ hi~h inertia elTeet at
Ihl.: I.ltter Ir,,-"(p:,,-'" Vile "ide of the huttlln is attached to the lunin;.:
ff,rl... I" '11C;11 s • I " 'Illlrt llal ",nnt::'. 1'111,.' l,th1.'r id.... which h.\ ;t

' .. ' '.'-
'•. 1 ./...-

1'l'tlll'I'IIIl~ 1111'UlltLIW l~,st. i~ ht:l,l LIl 1",sLtifJll 1•.\· a "lJCl.:lall\' (lcSI~Il\ .. ,1
;('II-\'l'IH\'ril1~ "prill;':, Tills l~'IIlI,ill..lll"l of "I'r;n;.:;; ...'!lable.. the lmtlfJll
!o \\'ithslantl ;;(:\"\;re ..h, ....·ks. '>I:t It ha~ suftieicnt inertia sn th3t !,<,rf"-'t'l
"!lO.'r.lli"n is /Ihtnllll~1. The adJllstment oj the hUttllll is lK'nn:1I1l"1ll
amI 11('\'l:ls 11<1 further atH·nti.m aiter le,n'in;.: our Itllx,r:l.t"ry This t~ I""
of ll1fl\1nlillg. together \\-jlh the fact th:l.t the elcC'lric:l.1 cunstants 01 tlte
circllits !la\'c I,een adjusled to thcir optill1lUll \':l.I\les. insur(''i thc('oll
,inuf'us operation (If lhe oscilliltor wilhollt heating,

It shuuld. !If l~)\Ir.:C, he understl)\,,1 that lhis u:,eillalor is l10t in
tend!:{1 to displacc the laf'~cr t~'l)('S !If Iiscillators used where severn!
\\'all!> {,f OlltpUt arc req\1lred. It IS lIllcmlcd mther Illr general lah
oratory usc where powcr of good w:t.\'(>fnnn i~ dc:"tn..-.d ifjr a sin.l.:1c hrid.l.:c.
.-\S the punm!:ss of wan'fonn 1~ depcmknt nil the load on the oscillator.
whene\'er a pure W;l\'cfnrrn I" (".."enll'll till' {l<;,('il1alnr sh.mld Illlt he
o\'crl......ded. Tills flSt,-illator is iulaptt·f\ fllr the u<;ual altcrnatlll.l.: (·UlTCllt
mca!'llrcmcnts {,f nuluctnllcc ami Cilllill·;W!Il·t'

The oscillator is mounted in a polishctl walnut I... l:;; and h:l.s an CII
:::-ra\'cd h:l.kclitc pane1. The e:;;Jlos\:~1 metal parts arc finisher! III pol
Ished nickel. The control switch IS eas;ly :LITK"ih1c :l.ud is of the
;:....nn·nicnt lock hutton f1C"i~n,

Type 213 .\mho OSCIllator.
Dimensions ,,- x .j '4· X .,,

C"de Word "i\L'(;EH."

\\'1.'1~ht.j I J Ihs.
$.ll,OO



Type 166
TELEPHONE TRA SFORMER

F',r-Il1'111~ l'ilrl"'~C"; III a lah,rat ,r il ...m,ll! ]r"l1 ,rl' t:'ansi"nll~T

• Th1l.,:h :,ml arijusliLl.lt, ]lII, ....~lallo,\'] ... ,-"xtr'-111,-"I\' 11"l,.rul It may IIc us'-'tl
]0 ;1I1,";'l1la:':l' in llllpt,<bn\'l' I,rid:':l'''; \"mpl"yll1;": ,I It·lt-phUlll' n'(l,:1\-t'r I, •
•!l-tt·C"] \!lI' l,a1:111O'(' poillt \r;th Ihi ... lr:l11sfomwr it is p... ,ssihlt:: lo :ldju.... l
lIlt' ITlII'\.'o\ann: of the tell'I,hl>1l1' ('in"ull III thl' m"~t satisfal'tnr\' \.t1lll'
f,,]" t hi" l,rirlgL' nr\ \lit, illfkl JIlll klll ••t I hL' tl·lq .h. 'lll' 1"1'('I'1\",-"r lIJlI/t:.latll'l.'

ThL' \\'imllllj.; is al1 "n "ilL' k'lC ,f tilL· (">n' l'Ul i ill 1\\"1' "l,"l'aratL'
I :Ins" a" III he u~'1 ;l~ it I,rim:,n and !-l·... 'lldary TltL""" '"\"lll,hn~..;"

h"\\I·\'I·(. mal· Ill." 1~,nll('l."IL.. l 1Il ..... ·r;(' ~h"111<1 It Ill-' oIL",irL,1 tll lI!-1,' ;In

ant" Ir;m~fHrnlt'r (""nlll·l."tl"n, Tal'~ an.' hr"ught 0\11 ,," t."lh tht, pri
1ll~lr~' ;illd sL·t"ndan \\"111,]lllgs "" thaI il ]" IK,...sihk I" \'<try thl' ImllL"
dal\l'l.' ;Ill,] IhL' ralll, ..f Ir;11l ... f"nnal1(l1l ,\ sma11 air l-;ap IS left in thL'
;n'l1 ("nfl' If, pn:\'l'nt an"\' l'!)ssihk dislortlOll f,r \\":1\"4.' (l>n11 du(' In salu
ralil,n "f Ihl' irOlll Thl' 1'<1111'1 is "f lmkl'hle with l'll).:ra\"('11 letlCrtng
:\1l'kL'l pl:llL'(1 hll1thll~ I"'st ... :trL' 1I........ l as tt'nmnals ff,r the taps, The
,,,111>'\'\11;': lal,k "I,,,,,,,, Ih, mUlII ...."r "r tunl" lK'l\H1.'!l cad1 ~'l of hllldlll~'

JM''-t~

:-;'I::<'II:\D.\KY
ll00 TUfIl"
loJlKJ Turn"
Il'lf"J Turns

51) 011

~-6

6-;
i-X

" .- ,

I'RL\I.\RY
I-l 1SO Turn ...
1-.1 ,K"' Turn...
.1-oJ 64'") Turns

Typ•.' 166 TclcphullL' Tran"fllnncr
DimcnsH m" I I 1 ~ ~ 2' 1 - "

{.,~lt- \\'nrcl "TOPIC'

(This Bulletin replaces Bulletin 712
S", "dl"d'2~on G~llernl Rad.o ApplIUJ ru5 Throughout
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GENERAL RADIO COMPANY
MA~t:FACTl·ItRRS OF

ELECTRICAL AND RADIO LABORf\TORY APP.\RATUS

BULLETIN 714 JANUARY 1925

TYPE 174

DIRECT READING WAVEMETER

The Type 1i4 \\'avemeter is designed for general use in com
mercial and experimental radio stations. Its equipment is such that

it is adapted for usc with receiving or transmitting sets, employing
either damped or undamped waves. Its self-contained, direct-reading
features make this inslrwncnt p..'l.rLicularly "aluable for commercial
work.
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A hot wire galvanometer is used for indicating resonance of t.rans
mitted signals of average intensity, while for weak signals a crystal
detector and binding posts for telephones arc provided. For producing
damped oscillations of 10l0wn wavelengths, the wavemeter is equipped
with a high frequency buzzer opemting on a battery mounted within
the wavemeter case. TIle oscillating circuit consists of three coils with
a selector switch and a variable air condenser. This combination gives
a wavelength range of 130 to JOOO meters. The inductance coils arc
bank-wound in I)rdel' to keep the dislTibuted capacity a minimum.
The condenser is our low loss Type 239. equipped with slow-motion
gear.

Particular care has been given 10 the mechanical construction
and to the appearance of this instrument. .'\11 of the equipment is
mounted on a hard rubber panel and enclosed ill a polished walnut
carrying case fitted. with lock lind key. The mNal parts :Ire finished
in polished nickel.

OPERATION

The dial on which are drawn the threc wavelength settles cor
responding to the three inductance coils is mounted directly ahove
the variable condenser and is fastened to the rotor p1::J.te shaft. The
scales are indicated by the nwnbcrs 1, 2 and 3 cngrnved on the panel
Above thc galvanometer is a switch en~d\'ed RA:'\GE, with points
numbered 1, 2 and 3. These three points correspond respectively to
the three wavelength scales. Thus, when the wavemeter is set say at
360 meters. Scale 1 is used and the range switch set on Point 1. In
addition to the three wavelength scales, a scale divided into one hundred
equal divisions is provided. This SC<1.le is simply placed for reference
and is convenient in making certain measurements.

TRANSMITTING SETS

In detennining the wavelength of a tmnsmitting set. the range
'SWitch should be set on the point covering the wavelength scale within
which the transmitted wavelength should fall. The wavemeter should
then be brought near the tuning inductance or the antenna or growld
lead of the transmitter. By turning the knurlC<..1 j.mob marked IN·
CREASE WAVELENGTH, the variable condenser will be rotated,
varying the waveleugth of the wavemeter. At resonance-that is, the
fl~:nt where the wavelength of the wavemeter is the same as that of
the transmitter~themaximum amount of energy will be transferred
from the transmitting set to the wavcmcter. This point is indicated
by a maximwn deflection of the hot wire galvanometer. Care, how
ever, should be taken that the wavemeter is Dot too near a powerful
transmitter because an excess amount of energy may be transferred
to the wavemeter, causing the galvanometer to bum out. [t will be
found that with a sharply tWled tra.nsmitter, particularly when using
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yacuum tubes, that the resonance point is very sharp. The condenser
must be rotated slowly, as the galvanometcr needle will swing £rom
zero to nearly full seale and back again ovcr a very small range of
wa\"elengths. If the condenser is rotated too rapidly, the resonance
point will be passed through without being noted. In the C3se of a
buzzer or transmitter of small output, sufficient energy mar not be
radiated to operate the galvanometer. rn this case, a p..,ir of tclephones
<;houJd be connC<':tcd t.o the bindin.p; m<;t<t marked TEL. RllI>Onancc
,,'ill tl11.'n be indiC'Rted by maximmn intcnsity of signal in the telephone!':,

RECEIVING SETS

Two methods of detenllinin~ the wavelength uf a rccelvlOg set
lOay be employed. The first. the reaction method, is applicable onh·
to a nlcumll tube receiving set. and then only when the set is ascii.
L-iting, The W<l.\"emetcr should be hrought l1car the tuning inductance
of the receiving set. By tuning th<.' l'Olldel1!'oCr of the w:wcmeter a
sharp click will be heard in the bead phones of the receiving set ~tt

the point where the conden"CT pas..'it.'S through the resonance point.
The wa\"clength would then be read on tbe proper scale. It is usualh"
necessary to have the W<l"'"emcter quite close to the receiving set. A"s
thc axis of the coils in thc waYcmcter is pnrallel to the pancl, and extends
from front to rcar of the Cll~e directly beneath the galvanometer, best
results are usually obtained by placing' thc ri~ht-handedge of the wa\'c
meter p..'U"allel to the tuning coil of the receivinl{ set.

Where it is desired to set an inductivcly-couplcd receiving set
at a definite wfl.\'e1engtb, the wavemcter should be set at that wa\"c
length and thc antenna circuit of the receiving set opcned. The second
nry of the receiving set should be adjusted either by mC[lllS of the indur,.'-
U!.nce or condenser until the reaction click is heard in the head phones
mthe receiving set. The waYCJneter is then removed and the antennn
circuit reconnected. The antenna eircuit should tben be \'aried until a
click is again heard in the head phones. This will indicate that the
primary and secondary circuits of the recei\'ing set are both adjusted
to the 5.1.me wilue and to the value set on the wn\'emeter. This method
requires, of course, that the set be oscillating dllfing adjustmcnt.

\\"here a single circuit ra.'civing set is US(."(I, the antenna and ground
conncctions should be left 011. The tuning condcnser is \·aried until the
reaction click is heard in the telephollc rccciwrs. _\$ \\;th the induc
tivelr-coupled receiving set, the vaCUlun tube must hc oscillating while
the wavelength adjustments arc being made.

A much quicker hut slightly less accurate war to adjust t.he reo
ceh·er is b\" means of the buner on the wavemcter. The wavenleter
is set at the desired wavelcngth and the buzzer turned on by means
Q£ the buzzer switch. The recci\"ing set should then be adjusted until
the ma.'Cimmll intensity of buzzer signal is hcard in the bead phones.
This method of adjustment is similar to tuning to an incoming signal.
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GENERAL

Because of the sensltiyc lnJC of bu2Zer used. it may be found that
on turning the buzzer S\\;lch no OO\1nd can be heard. The buzzer
adjusting screw should be turned to the right or left until the buzzer
Rtarts to opemte. If th~ bUl7.cr will not opernte, make certain that
the battery is in good condition. When a wan~mctcr is shipped, no
hatter)' is placed in the w3\'cmeter, but one is shippCl! sep<lratcly.
This method is ust'd to pre"ent damage to the wa\'cmctcr in case it
should remain Ull\l!'OO for a long time. Dry cells kept f('lr a long Lime
in an inverted or horizontal position will deteriorate and leak; the wavc·
meler should. accordinJ:::ly. always be storecl SQ Ihat thc cover is on top.
thus keeping the b..'\ttery in an upright position.

The dia~rr.un mounted in the co\'er should be studied carefully
in order to undcr.;tand the wavcmeter circuits. The four panel thumb
screws $hould be removed and the panel lifted from the case. The
inside of the wavemeter should be examined to become familiar with
its mechanicnl operation, but under no circmllstanCt'S should adjust
ments be attCTl1pted, as they will affect the calibration. The buzzer
bnltery should be put in plncc before replnein~ the panel. rt wil1 be
noted that provision has been made on tlH~ panel for an external coil.
This arrang-cment is to enable an additional coil to be used for special
work Under nonnal conditions the short circuit b.,r IJctwccn the
two binding- jXlSlS marked EXT COIL should not be rcmonxl. This
is true c,'en when the telephone recei,'ers are connected to the telephone
hindin~ posts. This bar is remonxl only when an external coil is used.

Type 174 Direct Reading Wa,'emelcr 868.00
Dimensions 9· x 7" x 6·, WeIght 63 ,. Ibs.

Code Word: """TTY."

The products of the General Radio Company cover a complete
line of r.adio and electrical laboratory apparalus, Infurnlation and
bulletins of speck,l apparatus will be sent on request Our line includes
thelfollowin~: \'ariable .\ir Condel1!',Crs, Vernier Condenser, Stand·
aTd Condensers, Decade Condensers. \'ariometers, St<lndards of [n
nuctance. Standards of Resistance. r:>crnde Resistance 130l'\CS, ""';l"e
meters. Deel<le Bridge, Capacity BridJ:::c..\udibility ~Ietcrs. Hot \\'ire
~Ieters. Galvanometers Thenno-Couples. Telephone Transfonners.
:\Iisccllaneous Apparatus

..\11 prices in this bulletin arc strictly net, subject to change w11h
uut notice. F. O. B. Cambridge. },[ass, Cash should accompany orders
[rom persons or fi.nns with whom we have not already opened accounts.
l'nless otherwise instructed we shall use our o"'n judgment regarding
method of shipment.

(This Bulletin replaces Bulletin !J11
StlJndenllze on Gener.l R.dio Appar.tu!!I Throullhout.
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GENERAL RADIO COMPANY
MANUf."CTURERS OF

ELECTRICAL AKD RADIO LABORATORY APPARATUS

• BULLETIN 715 NOVEMBER 1925

•

Type 275

PIEW ELECTRIC OSCILLATOR

Type 276-QUARTZ PLATE

The piczo electric propertiesof crystnlinequart7.makei~particularly
well adapted for use as a frequency standard. Plates of this material
when properly prepared, and placed in the circuit showll on page 758
will hold the frequency to extremely minute variations. The oscil1ating
frequency is independent of the electrical constants of the circuit. The
frequency is entirely dependent on the physical dirr.cnsions of the quartz
plate which may be ground vcry closely to specifications. The frequency
is practically unvarying wiLh temperature and is not afTected by any
mechanical shock which does not fracture the plate.

The General Radio Company working in conjunction with Dr. W.
G. Cndy nnd Dr. G. W. Picrce has de\'elopcd a commercial applica.tion

of this principle.
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The instrumcnt is entirely selfo(':mtainc3 and consists of the com
ponents shown in the wiring diagram shown below. mounted in a
suiUlblc cabinet which includes all necessary batteries. .\s the plate
mounts on the front of the panel with a plug-in arrangement. plates may
be readily exchanged in order to extend the frequency ranKe. .\ coil is
pro\'ided for coupling with other apparatus.

L"c'im~~d under Patenf,s ""14502.4lO ami 147e58J
';'r ~"'per"77"nfal u.,~ anlf(

H .• 6

J
6

~.~ ( c~~
Co,..

L."

i"'I,d -
... -4...· 02"

" 6
WIRING DI116R111'1

'2?'S PIEZO OSCIUJlT"OR
,~,.

"8"BAr.
Telt!phont: PllJ$ m,uT be - 111~··]I[llfL-Oin ar Pf..te CurrenT ,..,111

notflo ....

The oscillator circuit is shown abo\"e. A UY 199 tube is used as
an oscillator. The meter. mounted on the front of the panel, indicates
when the circuit is oscillating. A pair of telephones or similar high
impedance must be connected at the plugs marked "TEL". The
Quartz Plate is plugged in, either at 1T F or L F. dcpcndinK on the
frequency at which it is to oscillate. [11 general. plates for frequencies
higher than 500 K. C. should be used in thc 1T P mounting. Reasonable
care should be taken in handling the plates. as they will fracture if
subjected to too great a mechanical shock.

Limits are imposed on the fundamcntal frequencies for which it is
possible to pro\'ide plates by physicnl conditions. The lower frequencies
require a "ery lar~e plate. ""bile for the higher frequencies the plates
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become "ery thin. difficult to handle. and fragile. The practical limits
at present arc about 100 and 1500 kilocycles. Lower and higher
frequencies arc readily obtained from these fundamenLlls, as the
oscillator output is rich in harmonics.

"Where it is desired to use the wC3kcr harmonics of the plat.e, an
oscillating \'UCllUtn tube is coupled to the oscillator output. The
auxiliary oscillator may then be tUlled to the IJannonics of the quartz
controlled tube by the beat method. llannonics as high as the thirtieth
may be made usc of by this method. Lower frequencies than the
fundamental may also be obtained by means of the auxiliary tube. The
auxiliary tube is adjusted to the lower frequency by tuning it for dead
beat between its hanllonic of the desired oreler, and the quartz-controllcd
oscillator. By mcans of this device, a single plate may he uscd to obtain
a wcat number of frequencies.

QUARTZ PLATES

Thrce classcs of plates are provided. Where a wavemeter standard
is desired, and the exaet points of calibration arc immaterial, a plntc can
be provided without grinding. Plates of this class are provided with the
usual mounting, and the fundamental frequency measured to 0.1 %'
engraved on the cover. They can usually be supplied within 25% of
any specified frequency within the above rang"C. By making usc of
harmonics, one plate may be used for a number of calibration points.
""here a closer approximation to a specified frequency is desired, plates
may be provided within 5~ of the required frequency. \\'hcrc the
requirements are still more rigid. plates may he ground to within 0.1%
of the specified frequency.

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

In the General Radio Type 2iS Oscillator the principle of frequency
control by the use of quartz crystals has been made a,-ailablc for general
e.xperimental usc. The 175 Oscillator is intended primarily as a
frequency standard. As such it offers numerous advantages over the
ordinary standard \\"avemeter as a primary standard. The entire
equipment is considerably less bulky than the waverncter, and the •
essential standard of frequency, the quartz plate is of vest-pocket
dimensions. The frequency is allected only by some c11ange in the
physical dimensions of the plate or in the holder clearances. The
development of a small, reliable frequency standard, suggests the
possibility of unifonn frequency standards. provided by a central
laboratory, ending the present interference between stations due to a
difference in standards.

Licensed under Pats. 1\0. 1-4502-16 and 1-172583 for experimental
use only.

Weight complete 15 tbs.

Dimensions 12~" x 9 ~" x 8 }':4".

PRICES-

Oscillator complete with one plate,.

Oscillator complete with one plate ground to
specified frequency

Plates, mounted cach.__

Plates, mounted ground within 5% of specified
frequency,

Plates, mounted ground to specified frequency

ALL THE ABOVE PRICES ARE NET.
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$110.00

135.00

25.00

35.00

50.00
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